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Abstract  
The report concerns a degree project for the Bachelor of Science in Innovation Technology 

and Design engineering at Karlstad University and is conducted in spring 2018. On behalf of 

Invencon AB and TactileMed Sweden AB, the purpose has been to develop a conceptual 

solution of the actuator mechanism of a tactile hearing aid. 

A tactile hearing aid is a skin-hearing device that from sound in the surrounding can capture 

audio frequency, redo it to electrical signals and transmits the signals to an actuator unit. 

Which on this signal performs a linear movement that gives acoustic controlled patterns 

printed on the skin. These patterns can be perceived by the user and make it possible to feel 

the sounds in their surroundings.  

The thesis work has been carried out with the project model consisted phases of planning, 

preliminary study, product specification, concept generation, concept evaluation and 

selection, and a layout construction. 

The conceptual development of the mechanism for the tactile hearing aid is based on in-depth 

research within nerve stimulation, the structure and function of various actuators, previous 

research on skin-hearing technology and technical survey of technologies that perform a 

similar function that the actuators should perform.  

The radical innovation of this product contributed that advice and experience from experts is 

essential for further study after doing research within the field. Concept generation then 

gained an invaluable meeting with expert within the field of magnetism as well as an 

individual generation in which the concept and technology solutions from the meeting were 

evaluated. 

The result of the bachelor thesis work is a conceptual suggestion concerning the mechanism 

of actuators to a tactile hearing aid. The results include both a technical solution of the 

mechanism and a conceptual design of the actuators. The aims of the project were to present a 

technical solution of the actuator mechanism, present a detailed layout design of the chosen 

concept as well as present a conceptual solution that meets the requirements. From an in-

depth preliminary study and consultation with experts the conclusion of the technical solution 

became a technology called Linear Resonant Actuator technology. The linear movement that 

contributes to the tactile touch on the user is by a moving coil that moves by an electric 

magnetic field. Proposals for further work after the end of the project are also presented in the 

report. 
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Sammanfattning 
Rapporten avser ett examensarbete som sammanfattar Högskoleingenjörsprogrammet i 

innovationsteknik och design på Karlstads universitet. Examensarbetet genomfördes på 

vårterminen år 2018. Projektet startas på efterfrågan och med ambitionen av att utveckla 

mekanismen för aktuatorer i en taktilhörapparat, där uppdragsgivare för arbetet är Invencon 

AB och TactileMed Sweden AB. 

En taktil hörapparat är en känselenhet, fäst på användarens arm, som fångar upp ljud i 

omgivningen och gör om ljudfrekvenserna till elektriska signaler. Dessa elektriska signaler 

skickas sedan vidare till en aktuatorenhet som vid denna signal utgör en linjär rörelse ned mot 

huden som utspelar sig i ett akustiskt kontrollerat mönster. Vid stimulans av huden när 

aktuatorn ger avtryck i det akustiskt kontrollerade mönstret blir användaren medveten av 

mönstret och har då möjlighet att lära sig vad dessa betyder. Användaren kan med hjälp av 

känselstimulans känna ljudet i sin omgivning.  

Examensarbetet har genomförts med en projektmodell som innehåller faserna, planering, 

förstudie, produktspecificering, konceptgenerering, konceptutvärdering samt en 

layoutkonstruktion.  

Den konceptuella utvecklingen av mekanismen till den taktila hörapparaten är baserad på en 

breddad och fördjupad förstudie. Områden som berördes under förstudien var läran om 

nervstimulans, olika varianter av aktuatorer samt tidigare forskning inom känsel-hörselteknik. 

En teknisk undersökning som är baserad på teknologier som utför liknande moment som 

mekanismen i hörapparaten ska utföra gjordes.  

Den radikala innovationen som medför i denna produkt gjorde att när breddad kunskap inom 

området hade blivit erhållen från forskningsartiklar och studier, är det fördelaktigt att ta in 

experthjälp som kan bidra med rådgivning och tidigare erfarenheter. Konceptgenereringen 

bestod då av ett möte med en expert inom magnetism där möjliga lösningar till problemet 

diskuterades. En individuell generering genomfördes där konceptförslag som framkommit 

under mötet utvärderades.  

Resultatet av examensarbetet är ett konceptförslag av mekanismen för akuatorer till en taktil 

hörapparat. Resultaten inkluderar både en teknisk lösning av mekanismen och en konceptuell 

design av aktuatoruppbyggnaden. Målet med projektet var att presentera en teknisk lösning av 

aktuatormekanismen, presentera en detaljerad layoutdesign av det valda konceptet samt 

presentera en konceptlösning som uppfyller kraven. Från en fördjupad förstudie och 

rådgivning med experter blev slutsatsen av den tekniska lösningen en teknik som heter Linear 

Resonant Actuator technology. Den linjära rörelsen som bidrar till den taktila beröringen på 

användaren är av en rörlig spole som rör sig genom ett elektriskt magnetfält. Slutligen ges 

förslag till hur vidare arbete av utvecklingen av konceptet ska göras.  
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1. Introduction  
This project is a Bachelor Thesis that forms part of the Innovation and Design engineering 

program at Karlstad University. The project is conducted in collaboration with Invencon AB 

and with TactileMed Sweden AB. The work was performed in spring 2018 within the course 

Degree for Bachelor of Science in innovation and design and includes 22.5 credits points. 

Supervisor from Karlstad university is postdoctoral researcher Jakob Trischler and examiner 

is professor Leo de Vin.     

This report summarizes the study and the process that has been performed. The report also 

presents a conceptual proposal of the construction of actuators to a tactile hearing aid.  

 

1.1 Background  
Invencon AB is an innovation company that has been active since 2014. The company is a 

combination of an independent incubator and a professional service agency. They help 

companies with innovative product development as well as support private entrepreneurs in 

developing products and companies from original ideas. The employees at Invencon AB are 

experts in both mechanical and digital product development (Invencon, 2018). TactileMed 

Sweden AB is one of the companies that Invencon AB works with, and the thesis is started on 

request from both companies. Invencon AB is responsible for the project and TactileMed AB 

is responsible for the product.  

TactileMed Sweden AB is a commercial/medical device development company located in 

Munkfors, Sweden. TactileMed AB intends to design, patent and market the “Audio-feel” 

device, which is related to the hearing impaired (TactileMed Sweden AB, 2018). Audio-feel 

is the name of the device and is a tactile hearing aid which transforms sound to touch. A pre-

prototype of the Audio-feel device has been produced but is not optimal. The problem with 

this prototype is that with this design of the actuators cannot be positioned as close as desired 

and therefore not be small enough to attach to a child's arm for example. The project was then 

started on the request of developing a more suitable conceptual solution for a new prototype 

that meets the requirements.  

There are over 8.5 million people in the world who are affected by deafness and are unable to 

get cochlear implants1. Research conducted between 1950 and 1995 showed studies, done by 

several researchers, how the use of actuators can stimulate the skin nerve associated with 

different frequencies of sound (TactileMed Sweden AB, 2018).This thus enable people who 

are deaf to be able to perceive sounds in their surrounding with the help of touch. The 

research showed that the pressure of the skin that repeat itself in patterns can make people 

learn and recognize them and, in that way, be able to understand the meaning of the 

acoustically controlled patterns (TactileMed Sweden AB, 2018).   

The project is based on this research and the technique should be applied to a band that will 

be attached to the user’s arm. The band will pick up sound and speech via a microphone. The 

frequencies of the sound are captured and converted into electrical signals. They are then sent 

                                                           
1 Markos Garras Technical Director from TactileMed Sweden AB, meeting January 25, 2018.  
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to actuators that is in contact with the skin. With this electrical signal, actuators are brought 

down to the skin and the person is aware of these pressures and can then perceive a pattern 

from the audio frequency. 

This project concerns the actuator mechanism that will imprint the user. Thus, the actuator´s 

tactile movement towards the skin, which then gives an impression and then returns to the 

starting position.   

1.2 Problem definition  
In order to clarify what the main problem is and to arrive what actually should be resolved, 

the problem was defined in one question formulation. Specifically, the main problem 

definition of the project is described as;  

How should the mechanism of actuators be designed to provide a tactile movement that gives 

imprint to user´s in an acoustically controlled pattern? 

 

1.3 Purpose  
The purpose of this thesis is to investigate and find the most suitable solution of the core 

mechanism for the tactile hearing aid device. The purpose is to develop a suitable concept of 

the movement of the actuators and gain as much knowledge possible within this field.  

The purpose of this project is also to get an understanding of the structure and functions of the 

current concepts of the actuators. Get good knowledge about microtechnology and to 

investigate if there is an existing technology that can be implemented in the proposed 

concepts.  

1.4 Objectives  
The overarching objective of the project is to meet the requirements and preferences that 

regards the solution of the core mechanism of the tactile hearing aid. The requirements are 

defined in a product specification that can be shown in Appendix 3.  

Generate, develop and validate concepts of the movement of the actuators and detailed 

construction of the selected concept will be performed. This leads to the definition of the of 

the objectives that underpin this project: 

▪ Present a solution that meet the requirements in the product specification.  

▪ Present a technical solution of the actuator mechanism.  

▪ Present a detailed layout construction of the selected concept.  

▪ Present an academic report that summarize the results and the implementation of the 

bachelor thesis. 

The proposed solution of the actuator design will be presented with a detailed CAD model 

that shows the function and the components. The project will be completed on June 18, 2018, 

where the final report and presentation will be represented at Karlstad University.



8 
 

1.5 Delimitation 
The tactile hearing aid will contain several parts, such as a microphone, battery, circuit board 

and the actuators array. The hearing device will also contain a band that packages the features 

of the product that can be applied to the user´s arm. The project will only include 

development of the mechanism where concepts of the tactile movements of the actuators will 

be provided not the whole hearing device.  

The project will also be delimited from mathematical calculations as the knowledge of these 

calculations is limited. These calculations are something that needs to be considered at a later 

stage for the development of the concept, but due to lack of time this cannot be done during 

this project. 

 

2. Methodology  
The methodology chapter describes the methods used in the implementation of the project, 

where the readers will gain an understanding of how the work was performed. This project 

follows the method of a product development process according to Johannesson et al. (2013).  

2.1 Project plan 
The project started with a planning phase in order to perform a detailed planning structure of 

the process. The main phases included in this work are present in Figure 1.  

Figure 1. Overview of the project phases included in the work, adopted from Eriksson & Lillesköld (2004). 

 

A project plan was made and established according to the framework presented by Eriksson & 

Lilliesköld (2004). A project plan is the foundation of the project and illustrates the process 

structure. The project plan describes the project process from start to finish, where 

background and the project objectives are presented. In addition to the background and the 

objectives, the project plan addresses areas such as problem formulation, purpose, 

delimitations, organization, time management, project model, project activities, Work 

Breakdown Structure and risk assessment.  

2.1.1 Time management  
A schedule of time and activities were made to give an overall view of the project. The 

following section presents a further discussion regarding the time frame in relation to the 

process´s operations, including the structure of how the time was planned.      

Project model 

The project model is a timetable where the phases is presented in sequence to the estimated 

time limit. More specific, the project model presents the project phases milestones, tollgates, 

start and end date. This is to facilitate and gain a clear overview of the process and to guide 

Project planning Pre-Study
Product 

specification
Concept 

generation
Concept 
selection 

Layout 
construction
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the project towards the predefined goals. The phases milestone clarifies when stages of the 

process should be completed and facilitate the project participant to maintain the work. 

Tollgates describes how well the project complies with the specific guidelines and whether 

work should continue in the same direction or if adjustments must be made. The model is well 

suited for projects where it is possible to divide the work into sub-goals from the outset which 

leads to the next step in the process (Johannesson et al., 2013).  

According to Johannesson et al. (2013), a thorough timetable is essential for keeping a  

well-planned process and implementing the project without the lack of time or that 

complications occur and endanger the project.         

Gantt-chart  

A Gantt-chart was made to give a graphical overview of the timeframe of the different project 

phases. The scheme is presented in a coordinate system where the phases represent the y-axis 

and time frame on the x-axis. In this way, it is easy to visualize how each activity´s time span 

is distributed in relation to each other. The Gantt-chart is one of the scheduling methods 

described in Johannesson et al. (2013).  

2.1.2 Work Breakdown Structure 
The project plan contains a Work Breakdown Structure (WBS) where the project was broken 

down to identify and create an overview of the stages. With the WBS technique the process´s 

main activities are divided into smaller areas of work. These are embodied in a hierarchical 

diagram showing activities that are related to each other. The WBS tool does not show the 

order of the activities but its purpose is to divide the work process into appropriate parts and 

give an understanding of what activity lies ahead (Jansson & Ljung, 2004).  

2.1.3 Risk Assessment  
A risk assessment according to, Swedish term, Miniriskmetoden was made to identify the 

risks and causes that may occur and lead to negative consequences for the project. The 

purpose of the method is to identify the risks that may occur during the process and rank these 

against each other. Thereafter, the consequences of each risk are evaluated as well as the 

probability that the risks will occur. The result is interpreted and documented in a risk matrix 

according to table 1 (Eriksson & Lilliesköld, 2004).  

 

Table 1. An outline of a risk assessment according to Miniriskmetoden 

Risk analysis P C R Adjustment 

Risk 1     

Risk …     

Risk n     

 

The description of the risk is reported and evaluated with Probability (P) and Consequence 

(C), which is assessed on a scale 1-5. By multiplying the probability and consequence, the 

risk value (R) is calculated for each risk. The highest Risk factors (R) represent the greatest 

risks and what the adjustments can be to prevent it. 
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2.2 Theory  
The preliminary study phase is conducted to obtain the theory and background of the project. 

It is important to clarify the problem at an early stage of the process to find out what 

development opportunities are available to ensure that the right problem will be resolved 

(Johannesson et al., 2013).   

The purpose of the preliminary study is to get an understanding and increased knowledge of 

what aspects that are most important to consider when designing and constructing the new 

solution concepts. The preliminary study is based on research from literature studies, a field 

study and technology survey. The purpose of the preliminary study was also to get an 

overview of what kind of research that has been collected. The focus was on how and why the 

information was gathered and how these specific methods were used to collect the 

information that was needed to find the solution of the actuator design.  

2.2.1 Literature study  
In order to gain clarity in research on nerve stimulation connected to tactile hearing aids, the 

study began with reading research articles within this field. The scientific articles would 

provide in-depth knowledge that will facilitate the development of conceptual mechanism for 

the tactile movement of the actuators. The knowledge obtained from the articles should be 

relevant and form the basis for the entire project. The articles on which the overall research 

was based was obtained by the Technical Director from TactileMed AB. Getting to know the 

articles that have already been studied meant that the starting point of the project and where it 

would lead to was at the same level with both the client and project manager. Articles in 

addition to those obtained by the Technical Director was requested through Google Scholar 

and course literatures. 

The information relevant to the search for the product´s mechanism concerned the following 

areas;  

▪ Nerve and skin stimulation  

▪ Skin-hearing technique  

▪ Different types of actuator technologies 

Complementary literature studies are conducted throughout the process. The reason for this 

was to motivate and confirm theories and methods, as it was difficult to predict all necessary 

data at the beginning of the project.   

2.2.2 Field study  
Field study is a technique that was applied to gain understanding in a particular field and 

includes observations and interviews. The purpose of the method was to understand how 

people use products with a focus on observing in a natural situation (Daae & Boks, 2015).  

Since this project involved technology that was not currently available on the market, 

information was collected through both previous research but also from expert experience. 

This was conducted in the form of in-depth interviews and meetings with Technical Director 

from TactileMed AB. Insights into expert experiences was obtained by taking notes during 
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meetings. The Technical Director has worked and researched in the field of  

skin-hearing and tactile hearing aids and was therefore able to share what he has achieved so 

far.   

A review and observation of previous concepts was made to gain knowledge and inspiration 

that could be used in conceptualization of the mechanism´s solution. The evaluation of the 

previous concepts was done on both digital and physical concepts.    

2.2.3 Technology survey 
According to Eppinger & Ulrich (2004), combinations of existing solutions to sub-problems 

can be combined with new solution, thus providing a better total solution. Therefore, a study 

of technical solution applied on similar existing technologies has been investigated. This is to 

find inspiration for solutions that can be used in the tactical movement mechanism for the 

actuators. Specifically, the various techniques that have been investigated are; 

▪ The technology behind speakers  

▪ The technical structure of headphones  

▪ The technology behind cochlear implant 

▪ How vibration works in different devices 

With this research of how previous technologies work, knowledges can increase and provide 

an explanatory and broad understanding for other technologies. The techniques investigated 

are relevant to the solution of the product as the mechanism will give imprint on the skin and 

moves in a tactile pattern. These techniques constitute a movement that could be applied to 

the product.  

 

2.3 Product specification  
The product specification was written in an early stage of the product development process to 

convey what the product should perform and to determine the functional requirements of the 

product. The requirements must be formulated independently of the solution, be clear and 

precise and, if possible, measurable and verifiable. The product specification should clarify 

the problem formulation, be complete and include all aspects of function requested from the 

outsourcer (Johannesson et al. 2013).  

A product specification was carried out in consultation with the supervisor at Invencon AB, 

where the requirements and requests were listed according to the original criteria in the 

assignment and criteria that emerged in connection with the preliminary study. These were 

then compiled according to Olsson´s criteria matrix (1978) to easily get an overview of what 

to do and effectively compare concepts against the product specification (Johannesson et al. 

2013).  
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Olsson´s criteria matrix  

In Olsson´s criteria matrix, the lines in the matrix represent the product life cycle phase and 

columns the aspects to be considered in each life cycle phase, see table 2. Each cell in the 

matrix represents a product aspect that was then used when the product specification was 

made. All cells were reviewed and for each cell, relevant criteria or request for the product a 

were formulated (Johannesson et al. 2013).  

 

Table 2. Olsson´s criteria matrix (1978) 

 

Main function, demand and requests were identified and assessed if they were interesting to 

the product. For each criterion, it was determined whether there was a demand or request. The 

requests should then be weighted with weight factor 1 to 5, where 5 was most important. 

Finally, a provision was made whether the criteria was functional or limited and was then 

documented in a table (Johannesson et al. 2013).  

 

2.4 Concept generation 
This section presents all concept generation methods used in the project. There are many 

different methods for generating concepts, and the different methods are usually divided into 

creative methods and systematic and rational methods. In the design process it is important to 

have a comprehensive picture of the whole task (Johannesson et al. 2013). In the phase 

concept generation, it was therefore important to see the whole problem area and the relations 

between the task to be solved and the surrounding factors. The purpose of the methods was to 

generate as many proposed solutions as possible in a way that no concepts were left out for 

consideration.     

Concept generating aims at developing conceptual solutions that meet the requirements of the 

product specification. In the work of finding concepts, a question formulation was used to 

find solutions to the sub-function. The focus is on the functional criteria of the product 

(Johannesson et al. 2013).       

In order to extract both the creative and the systematic methods, the concept generation was 

divided into two parts. This was to get ideas that were both directly imaginable as conceptual 

solutions and ideas that were more radical and innovative. The first idea generation was 

Life cycle phase 
Aspect 

Process Environment People Economy 

Processing (Development, construction 

etc.) 
1.1 1.2 1.3 1.4 

Production (Manufacturing, assembly, 

control, storage etc.) 
2.1 2.2 2.3 2.4 

Disposal (Selling, distribution etc.) 3.1 3.2 3.3 3.4 

Consumption (Installation, use, maintain 

etc.) 
4.1 4.2 4.3 4.4 

Elimination (Off-site transfer, recycling, 

destruction etc.) 
5.1 5.2 5.3 5.4 
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within a group of experts. The second part was an individual generation, where concepts that 

emerge within the group were evaluated and further developed.  

2.4.1 Idea generation with experts   
The participant for the idea generation was employee from the company Invencon AB who 

work with product development and construction daily. The meeting was also attended by the 

Technical Director from TactileMed AB as well as an expert within the field of magnetic.   

Members of the group should feel free to share their past experiences as well as their thoughts 

without fear of criticism. A brilliant idea can arise from an idea that does not seem to be right 

from the beginning. All the ideas were documented in sketching and writing immediately to 

ensure nothing was forgotten and that all ideas were noted.   

The methods used in the idea generation were Brainstorming and the method Brainwriting 

6-3-5. The methods are described by Ericsson et al. (2015) and are presented in following 

section. 

Brainstorming 

The session started with an introduction of the project and a description of what the concepts 

were desired to solve. From that information, the group carried out the Brainstorming freely. 

While the session was held documentation by sketches and writing was being made.  After the 

session the concept solutions that appear were discussed.   

The purpose of the concept generating method Brainstorming is to generate a large number of 

ideas together with multiple participants.  Where all ideas are welcomed, even those without 

logic or usability and no creativity is inhibited. This provides several good ideas, which 

increases the chance of more qualitative solutions (Ericsson et al. 2015). With an open 

discussion and with combining and continuing each other´s ideas, further development can be 

made.  

Brainwriting 6-3-5  

The purpose of this method is, like Brainstorming, to use all participants in the group´s 

creativity to get as many ideas as possible. Brainwriting 6-3-5 means that six participants 

begin sketching three ideas in five minutes. When the time is over, the paper with the sketches 

will be sent to the next participant who develops the concept that was started (Ericsson et al. 

2015).   

2.4.2 Individual generation 
Inspiration and creativity has been derived from the concept development in the group 

generation. The concepts were carefully reviewed, and combinations of concept solutions 

were made to see all possible solutions to the mechanism of the tactile hearing aid.  

The individual generation was aimed to implement and making it possible to apply these 

concepts to the intended product. Well-made sketches present the concepts and the concepts 

were documented in both image and in writing.  
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2.5 Concept selection 
Evaluating all concepts developed during concept generation is essential to be able to 

optimize or eliminate concepts, to find the best solution for the product. It is also important to 

see the concepts value and quality in relation to the requirements and request of the product 

specification. The different concept solutions were then compared to each other and evaluate 

which characteristics that were of greatest important. The chosen concept must meet the 

criteria set for the product and then be further developed.  

2.5.1 Evaluation of concepts  

In order to decide which conceptual solution would be further developed, the concepts were 

evaluated against the requirements of the product specification. These were investigated by 

screening the concepts in a table. The survey looks at whether the conceptual solution solved 

the main problem, meeting the requirement, fit the company´s product range, possible to 

implement and was beneficial in environment and security aspects. 

2.5.2 Description of selected concept 
The concepts that best meet the requirement and have the most ultimate solution would be 

presented to the company. The concepts would be further discussed to ensure that every 

aspect was carefully investigated. Then a decision was taken that represent the mechanism´s 

solution to the tactile motion of the actuators. The final decision was in collaboration and 

accepted by supervisors at Invencon AB and TactileMed AB.  

 

2.6 Layout construction 
After a concept has been selected, further investigation and development was needed to be 

done to improve the chosen design of the mechanism. This was to clarify the precise design 

and the specific features of the product. In this section, failures that could occur for the 

selected layout could be investigated using a FMEA. A construction description and a CAD 

model was also made to provide an in-depth understanding of the design (Johannesson et al. 

2013). 

2.6.1 FMEA 
Failure Mode and Effect Analysis (FMEA) was a method used in the detailed construction of 

the selected concept. The method meant that the design was reviewed to find possible failures 

of the construction of the product. When detecting the failures, the construction can be 

improved making a better final product. 

In the analysis, each incorrect occurrence was assessed with three factors on a scale 1 to 10; 

failure probability, severity and the likelihood that the failure was not detected. A risk number 

was obtained by multiplying the factors for each failure occurrence. If the risk rate became 

high, design changes of the product would be reviewed (Andersson, 1991). 
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2.6.2 Construction description 
A list of the included components in the actuator design was created. This gave a clarification 

of what the product contains. To describe the product´s characteristics and the design of the 

mechanism the design of the concept was documented in sketches and in writing.   

2.6.3 CAD modelling  
To visualize the concept, the CAD program Creo Parametric 3.0 was used to model a 

compilation of the mechanism components and show the actuator design as a whole. 

 

3. Results 
This chapter presents the results of the bachelor thesis. The chapter emphasizes both the 

outcome of the project process, the results of the preliminary study and the completed 

solution developed during the project.  

The structure follows the project model and applies the methods described in the 

methodology chapter; Project planning, theory, product specification, concept generation, 

concept selection and layout construction.  

 

3.1 Project plan 
During the project, the project plan has been a description of the planning, implementation, 

and has described the applications of methods that have been required to achieve the desired 

result. The project plan proved to be of great importance not only at the beginning of the 

project, when the execution of planning of the work was done, but also during the course of 

the project. This to have a propitious supervision of the limitation of time in relation to which 

phase is being managed.  

The project plan comprises among other things time management, planning, project model, a 

WBS over the project phases, a Gantt-chart and a risk assessment with risk descriptions and 

adjustments. A completed project plan is presented in Appendix 1, were the results of the 

Gantt-chart, the project model and the WBS is presented as well. The outcome of the risk 

assessment of the project can be seen below.  

Risk Assessment  
The risk assessment was conducted in accordance with the method Miniriskmetoden. The 

complete analysis can be seen in Table 3 below. The risks with the highest risk factors are 

Time constraints/Lack of time (score of 20), Not achieving the objectives of the project (score 

of 15) and Lack of knowledge/information (score of 12).   
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In order to prevent the risk from occurring, adjustments were made for each case. These 

adjustments are presented in Table 3. 

Table 3. Risk assessment for the project     Version 1.0 

Risk analysis P C R Adjustment 

Time constraints, Lack of time 4 5 20 
Accurate planning for each project phase. 

Scheduled time buffer in the time plan.  

Contact with supervisor/outsourcer from 

Invencon AB is absent (due illness etc.) 
1 4 4 

Contact other employees at the 

company. Contact supervisor at KAU. 

Absence due illness, affects time plan 2 4 8 Adjustments in time plan (Gantt-chart) 

Lack of knowledge/information 3 4 12 

Search for more information. Get help 

from supervisors and experts within the 

field.  

Not achieving the objectives of the project 3 5 15 Continuous follow-up with supervisors.  

The project is not approved 1 5 5 

Follow-up with supervisor/examiner 

from KAU and supervisor at Invencon 

AB 

Business to Business (BtoB). 

Conflicts between the two company that are 

involving and with the project.  

2 5 10 
Good contact with the supervisors from 

Invencon AB and TactileMed AB.  

P = Probability  C = Consequence R = Risk factor (P * C) 

 

3.2 Theory  
The radical innovation that the tactile hearing aid possesses complicated the process of 

finding an appropriate solution of the mechanism. This was because radical innovations 

constitute new technology and leads to a completely new market (Garcia & Calantone, 2002). 

To a large extent this means that a good foundation for an in-depth and a broader study within 

the field must be done. The term Radical innovation and related implications for this project 

will be further discussed in the Discussion chapter.  

The study was started by reading articles about previous research that have been done on  

skin-hearing technique and skin and nerve stimulation. This was to gain an overall 

understanding of what the tactile hearing aid should achieve. Essential information about the 

hearing principles of the human ear has been obtained. After, the research continued to study 

the technologies of today´s actuators. This was also done by reading articles within this field.    

Research articles and literature resulted in broad knowledge in the field and gave a good idea 

of what the actuator solution would lead to. Help was obtained from experts in order to get an 

in-depth understanding and then packages this information.  

The preliminary study was completed by studying similar techniques that the actuators would 

implement, to find inspiration for the development of new solution which would be carried 

out in the next phase in the project. The following sections gives a more detailed description 

on what the preliminary study resulted in.  
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3.2.1 Literature study 
At the start of the project, the literature studies mainly provided information on the 

appropriate methods that would be used to get the best possible project structure. These 

methods are presented in the previous methodology chapter. After acquiring knowledge of the 

project´s structure, the study aimed at obtaining information that would lead to the solution of 

the problem formulation. Several articles have been studied and the most relevant information 

for the development of the mechanism of the tactile hearing aid is listed below.   

Nerve and skin stimulation  

In order to gain an overall understanding of how the stimulus of nerves can replace the ear 

and give the opportunity to hear, a review of the function of the ear is made.  

According to Li et al. (2014) the hearing principles of the human ear is complex. The ear can 

be divided into four components; The auricle, the middle ear, the inner ear and the auditory 

nerve. The inner ear consists of, among other components, the cochlea. The function of the 

cochlea is to convert the audio signals into a voltaic signal, which is done via a multi-channel 

bandpass filtering. Another function of the cochlea is to analyse the frequency components of 

sound. There are approximately 30,000 hair cells distributed on the basement membrane, 

which is connected to the auditory nerve. The purpose of the hair cells is to convert audio 

signals at different frequencies to current pulse signals.  

The auditory nerve is responsible for carrying the designated frequency signals to the 

corresponding position in the cerebral cortex. Other alternative neural channels leading to the 

cerebral cortex in addition to the auditory nerve are found. These nerves are called sensory 

nerves and can replace the auditory. The sensory nerves are all over our body´s skin.  

The sensory center has a much larger region than the auditory nerve. It also has the 

responsibility to process all sorts of signal sent from the dermal sensory nerve (Li et al., 

2014). 

The skin acts as a sensory gate of external stimuli with different types of sensors. The skin is 

also the body´s largest organ and this is utilized in tactile interfaces. Following a thorough 

presentation of the skin´s anatomy is presented.  

The surface of the skin consists of a layer of dead cells. Underneath the surface layer, there 

are three layers consisting the Epidermis, the Dermis and the Hypodermis. The Epidermis are 

responsible for the immunology and the pigment of the skin. The second layer, which is the 

important one for this study, is the Dermis. The Dermis is connected to the basement 

membrane. The Dermis contains, among other things, nerve fibers and is rich on sensory 

nerve endings (Chouvardas, Miliou, & Hatalis, 2007). These nerves can receive the 

diversified sensory signals and send it to the cerebral cortex in voltaic form (Li et al., 2014). 

The third and last layer is the Hypodermis. The hypodermis binds the skin with the muscle 

tissue (Chouvardas, Miliou, & Hatalis, 2007).  

The skin is sensitive to vibration, electric voltage, current, temperature and pressure (positive 

and negative). The skin´s properties are not the same throughout the body, because the 

sensitivity of the skin varies. According to Chouvardas et al. (2007) research on skin 

stimulation is primarily related to the glabrous skin (without hair), such as the palm and 

fingertip. Because most of the applications that have been developed so far are targeted at 
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these body parts. On other hands, parts like the abdomen and the arms are also sensitive parts 

of the body and are therefore also good candidates for skin stimulation.       

Skin-hearing technique  

The skin-hearing technology involves stimulation of the skin from electrical signals based on 

the sound. The technique substitutes the auditory nerves and uses the cutaneous sensory nerve 

in the skin to solve the deaf-mutes´ hearing problems. Thus, when the deaf-mute receives the 

signals from the sound through the skin and perceived the sound signals, the purpose to feel 

the sound is reached (Li et al., 2014).  

In the article Using space and time to encode vibrotactile information: toward an estimate of 

the skin’s achievable throughput Novich and Eagleman (2015) concluded that the most 

beneficial and effective method of coding information on the skin is spatiotemporal patterns. 

This pattern characterizes a spatial and a temporal state. The study from the article found that 

it is best to use as many dimensions as possible for understanding the encoded information, 

which supported the choice of using spatiotemporal patterns.  

From studies on how the skin-hearing technique works extensively, a more concrete study 

was made of how the device for the tactile movement of the actuators should be for optimal 

skin stimulation. According to the study by Chouvardas et al. (2007), the most common 

mechanoreceptors for tactile touch are the Merkel and Meisner cells. Mechanoreceptors are 

cells that can transmit mechanical stimuli and transport this information centrally in the 

nervous system (Karolinska Institutet, 2018). Merkel cells are primarily specialized and 

sensitive to pressure and the Meisner cells have their highest sensitivity when sensing 

vibrations. Both mechanoreceptors are located in the skin at 0,7-0,9 mm below the surface 

(Chouvardas, Miliou, & Hatalis, 2007). This tells us that we need a tactile movement of the 

actuators at a displacement of at least 0.7 mm. 

Different types of actuator technologies  

There are many different types of actuators that can stimulate the nerves in the skin. The three 

main categories of actuators are Mechanical, Electrical and Thermal actuators, which all can 

be used when stimulate skin nerves (Chouvardas, Miliou, & Hatalis, 2007).  

The main feature of the actuators is to provide a haptic feedback on the user or device. 

Haptics is a technology that interfaces with the user through the sense of touch. This is called 

haptic feedback. This is done by accelerating the surface that is being touch (Texas 

Instruments, 2016).  

Heat and temperature are important factors when it comes to the sense of touch. Although it 

seems that the skin is sensitive to temperature, our receptors cannot measure the exact 

temperature of the skin surface, but rather, they feel the thermal energy flow. Thermal 

stimulation is a method of add temperature difference to the skin (Chouvardas, Miliou, & 

Hatalis, 2007).  

The electrical stimulation mechanism activates nerve fibers in the skin with electrical current 

from surface electrodes directly. This generates sensations of pressure or vibration without the 

use of any mechanical actuator. The method used for nerve stimulation are arrayed electrodes 

with the use of anodic and cathodic current (Chouvardas, Miliou, & Hatalis, 2007).  
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Mechanical stimulation was the technique that was most relevant to this study, as it was the 

technique most suitable for the tactile hearing aid. This was because the mechanical 

stimulation technique gives imprints through motion of actuators which was the solution this 

project was looking for.  

First, electric energy is convert to mechanical movement, pressure or vibration. This system 

will have some kind of driver, driven from the user, which will provide an electrical signal to 

a type of actuator, which will then create a mechanical movement or control (Texas 

Instruments, 2016). Different types of mechanical actuators were studied to find a suitable 

technology that could be applied in the tactile hearing aid. The mechanics actuators that will 

be discussed in this section are basic Electromagnetic technology, Piezoelectric Actuator, 

Eccentric Rotating Mass and Linear Resonant Actuator. These different techniques are 

described below. 

Basic electromagnetic technology 

An electro-motive force occurs in an electric conductor that is in a changing magnetic field. 

The electric conductor moves either relative to the magnet or moves in a changing magnetic 

field produced by a changing electric current (Gill, 2018). This technology was applied in the 

existing prototype done by the Technical Director at TactileMed AB. More detailed 

description of how the basic electromagnetic techniques work in the prototype is described 

below in the section 3.2.2 Field Study.      

Piezoelectric Actuator technology 

Piezoelectric materials are a certain type of material found in nature, which is a unique 

phenomenon for converting electrical energy to mechanical energy. Some typical materials 

are ceramics and crystals. Inverse Piezoelectric effect will convert electrical energy into 

mechanical energy. And thereby, it can be used as an actuator (Texas Instruments, 2016). 

Piezoelectricity is based on the ability to generate an electrical charge when they are 

mechanically loaded with pressure or voltage. Conversely, these crystals can undergo a 

controlled deformation when subjected to an electric field. See Figure 2, where V is voltage 

applied to the material and ∆L is the mechanical displacement.   

The charge polarity depends on how the crystal are oriented in relation to the direction of the 

print. Ceramic materials that exhibit piezoelectric properties belong to the group of 

ferroelectric materials.   

 

 

 

 

 

 

 

 

Figure 2. Inverse Piezoelectric effect 
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Table 4 lists the pros and cons of the Piezoelectric Actuator technology.  

 Table 4. Pros and cons with Piezoelectric Actuator 

  

Eccentric Rotating Mass technology 

According to Texas Instruments audio and actuators group Eccentric Rotating Mass, also 

called ERM technology, is the simplest actuator. ERM actuators comes in two different 

forms, Bar and Coin. Both solutions work around the same principles, but they are structured 

in completely different ways. The Bar consists of a normal DC motor with an unbalanced 

mass connected to a shaft (Texas Instruments, 2016), see Figure 3. Electric signal is sent to 

the DC motor and it started to spin rapidly. The uneven centripetal force causes the motor to 

generate a vibration (iMore, 2015). Different vibration frequencies and intensities are created 

by spinning the offset mass at varying speed (Texas Instruments, 2016).  

The Coin technique works quite different. The unbalanced mass is rotating by a magnet and 

two coils attached to the mass. When electric signal is sent to the coil a magnetic field occur 

and causes the mass to spin around the shaft in the middle of the magnet, see Figure 4.  

 

ERM actuators has advantages and disadvantages. ERM solution for the most basic haptic 

effects is best place to start because it is both the easiest and most cost-effective solution 

while providing strong vibration. However, an ERM actuator is not the best solution for 

extremely powerful conservative solutions or solutions that require complex and exact 

waveforms. (Texas Instruments, 2016).  

Pros (+) Cons (–) 

Precision High voltage 

Non-Magnetic Non-Linear 

No holding power Expensive 

Thin mechanical size Sensitive to electrical overdrive 

Rapid response - 

Generate high haptic effect - 

Figure 3.  The Bar structure of ERM actuators 
Figure 4. The Coin structure of ERM actuators 
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For further clarification a table of pros and cons has also been done for the ERM technology, 

see Table 5.  

 Table 5. Pros and cons with ERM technology 

 

 

 

 

 

Linear Resonant Actuators technology 

Linear Resonant Actuators, also known as LRA technology, can be described as a mass spring 

system. A mass spring system is a resonance system, as such, LRAs must be driven close to 

the resonance frequency to achieve good acceleration performance. LRAs are 

electromechanical devices that vibrate to provide tactile feedback (haptics). The mass moves 

in a linear fashion, up and down, which generating the desired haptic feedback, see Figure 5.  

Attaching a mass to a spring causes a resonance effect. The combination of spring stiffness, 

mass and magnet/coil size will cause the linear vibrator to have a natural resonant frequency. 

This natural resonant frequency is where the LRA is most efficient in its operation (MDM, 

2018).  

The parts that LRA consist of are shown in Figure 6. There are thus different types of LRA, 

but this is a variant. A moving mass that includes a permanent magnet. A spring is attached 

(in this example, a wave spring) on one side of the moving mass with the permanent magnet. 

Current is delivered via a flex PCB. This PCB is proportional placed to the moving mass 

(Texas Instruments, 2016).   

 

 

 

The current passing through the voice coil will exert a mechanical force on the mass. The 

movement of the voice coil relative to the magnetic field as the mass moves will also induce a 

voltage on leads coil Back-EMF voltage (Texas Instruments, 2016).  

 

Pros (+) Cons (–) 

An easy technology 
Not good for powerful conservative 

solutions that needs to be precise.  

Cost effective  A relative slow actuator  

Strong vibration  - 

Excellent durability - 

Figure 6. The components of LRAs Figure 5. Linear Resonant Actuator 
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The benefits of LRAs; 

▪ Vibration strength – which gives more acceleration for size 

▪ LRAs are very thin actuators – some of them can be only 2mm in height  

▪ Haptic performance – acceleration can be controlled with amplitude modulation 

▪ Efficient – high Q-factor (quality factor) allows for high power efficiency  

▪ More reliable – no brushes like ERM actuators that can wear out and impact the 

lifetime of the actuators.  

Calculations of the natural resonance frequency and quality factors can be done.  

The equations for quality factor Q and resonance frequency Ꞷn can be seen in equation (1) 

and (2).   

𝑄 =  
√𝑚×𝐾

𝑏
 ; (1)  Ꞷn =  √

𝐾

𝑚
 ; (2)  

K is the spring constant, m is the mass and b is the friction.   

 

3.2.2 Field study  
After the investigation of skin stimulation, the technique of skin-hearing and various types of 

actuators were done, the research could be taken to a more in-depth study. In order to do a 

further study, advice from past experience was required. These experiences were captured by 

getting into contact with the former developer of the Audio-feel device and one of the 

founders of TactileMed Sweden AB.  

Since the Technical Director (outsourcer from TactileMed AB) usually resides in Greece, 

communication was primarily made via email. The most important discussions were, among 

other things, possible construction solutions that his previous studies have pointed out. This 

possible solution was thoroughly evaluated, and further studies were made. The three design 

solutions discussed are listed below.  

▪ The basic electromagnetic vibrator. Something similar to the current concept as well 

as the functioning prototype is based on but eliminates the problems that exist today. 

 

▪ “The speaker method”, were the coil is the moving part and the magnet is permanent. 

This method can provide more force due the gap between the permanent magnet and 

the driving force electromagnet is smaller. On the other hand, there is a risk that the 

displacement is not large enough. 

 

▪ Resonance actuator, which reaches its maximum amplitude and force at its resenting 

frequency equal to the resonating frequency of the spring forcing it back into position. 
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A meeting was arranged at the start of the project with the Technical Director where general 

information about the project and what the previously studies have resulted in were discussed. 

The meeting also gave a more comprehensive insight into the current prototype previously 

made. Description of this prototype is explained as follows;  

The design of the actuator concept consists of two fixed magnets located on each end of a 

non-magnetic pin. Between the magnets and around the pin is a coil placed, see Figure 7. 

When electronically transmitted signals are sent to the actuators, a magnetic field is formed 

around the coil, see Figure 8. The magnetic field that occurs affects the magnets, one of which 

attracts the magnet while the other is repelling. The magnetic force exerts that the pin with the 

two fixed magnets moves in a linear direction towards the contact surface, which allows the 

actuator to imprint the skin, see Figure 9. The actuator returns to its original position when the 

electromagnetic field is interrupted. 

 

 

The problem with this prototype is that with this design the actuators cannot be positioned as 

close together as desired and therefore not be small enough to attach to a child's arm. This 

because the magnets as well as the electromagnetic field affect each other and the actuators 

cannot perform the tactile linear motion. Which contributed to the major challenge of the 

project was to find a design solution that would work in a smaller size than the current 

prototype.  

Another problem with the current prototype is that it has no spring that can drag the actuator 

back to its original state, now it is only gravity that exerts it. This causes the actuator array to 

work only in one position and is therefore not optimal for use on the arm2. This was taken into 

consideration during the concept generation. The dimensions of the current prototype as well 

as pictures of the prototype can be seen in Appendix 2. 

From obtaining knowledge about electromagnetism, resonant actuator technology and 

magnetism, further in-depth knowledge of the field was required in order to develop a suitable 

solution. An expert in the field of magnetism was contacted, and a meeting was arranged. At 

                                                           
2 Markos Garras Technical Director from TactileMed Sweden AB, meeting January 25, 2018. 

Figure 7. Prototype from TactileMed AB, stage 1 Figure 8. Prototype from TactileMed AB, stage 2 Figure 9. Prototype from TactileMed AB, stage 3 
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this stage, no solution had been developed or any alternative concepts, but only possible 

technology solutions that could be appropriate. These technical solutions were discussed at 

the meeting where it was found that the best solution for the mechanism of the tactile hearing 

aid is the Linear Resonant Actuators technology. The expert explained that this technique was 

most suitable for the use of actuators for this type of tactile device. This is due to the fact that 

one can achieve a strong vibration and high efficiency for its small size and it can be done 

very thin. The expert and the technical director suggested that the design of the linear 

resonance actuator would have a fixed magnet and have a coil as the moving part for best 

result, instead of how LRAs are usually structured today. This to achieve even more 

efficiency since the magnet is much heavier than the coil. The construction of the Linear 

Resonant Actuators must also contain some type of spring to enable the hearing aid to be in 

any position without preventing the actuators from malfunctioning.  

After reaching a suitable technical solution, the meeting took a different direction and became 

a workshop to find a construction layout. The results of the workshop can be read in the 

section 3.4 Concept generation below.  

3.2.3 Technology survey  
The result of this study gave inspiration to the development of conceptual solutions of the 

mechanism. These techniques are reminiscent of what the actuators should perform, which 

gave an increased understanding of these technologies. Different techniques have been 

investigated and these are explained in the following sections. 

The technology behind speakers  

A speaker operates essentially the same, whether it is placed on a mobile phone or at a 

cinema. The main function of a speaker is to produce sound, which is done by translating 

electronic signals/pulses into audio.  

Inside a speaker is a permanent magnet mounted. This permanent magnet is mounted so that 

its position is fixed to a suspension device. This suspension device is also fixed and is 

mounted in the outer shell of the speaker. An electromagnetic coil is attached to the 

suspension device. The coil is mounted so it can move freely towards the permanent magnet. 

The membrane is usually made of plastic or paper so that it is easy to move and vibrate. See 

Figure 10 to get an overall picture of the speaker components. 
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By sending electronic pulses through the coil, a magnetic field is induced. Depending on the 

direction of transmission of the electrical pulses, the magnetic field is induced by field lines in 

different directions. The magnetic field around the coil will then interact with the magnetic 

field of the fixed magnet. When current is transmitted through the coil in one direction, it will 

induce a magnetic field around the coil that is repelled by the magnet. The coil is then pushed 

away from the magnet and pushes the membrane forward. The air in front of the membrane 

then compresses rapidly and makes a sound wave. When current is then sent in the other 

direction, a magnetic field in the other direction will be induced and the coil will be attracted 

to the magnet instead. The membrane is then pushed back and makes it ready to be pushed 

forward again (Hur fungerar, 2018).  

The technical structure of headphones  

In order to be able to investigate a headphone in the best possible way, it was disassembled to 

see its contents. Figure 11 presents the headphone investigated. The function of the 

headphone is very similar to the structure and function of a speaker. With a fixed magnet and 

where the moving part is an electromagnetic coil. The coil is attached to the membrane which 

vibrates when electronically signals are transmitted via the coil and the magnetic field occurs.  

Although the main technology is the same for a headphone and a speaker, the design of the 

headphone is structured in a different way. The coil runs in a gap between the fixed magnet 

and a non-magnetic shell.  

The permanent magnet is round with a centered hole of two millimeters. In this hole there is a 

non-magnetic core that is also fixed to the outer shell. The structure of the headphone can be 

seen in Figure 12. The reason why this layout with the centered core was used could 

unfortunately not be found, but after discussion with the Technical Director from TactileMed 

AB it was speculated that it could be to achieve as high efficiency as possible. 

Figure 10. An overall picture of the speaker components, inspired by “Hur Fungerar” 
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The technology behind cochlear implant 

A cochlear implant is an electronic medical device with the main function to replace the 

function of the injured inner ear. What separates cochlear implants from common hearing aids 

is that the cochlear implant takes over the work of the injured inner ear, more specifically the 

cochlea, and sends digital audio signals to the brain. While normal hearing aids only amplifies 

the sound that the microphone in the hearing aid has captured (Cochlear, 2018).  

According to Hörsellinjen (HRF, 2018) the technical process of the cochlear implants is 

practiced as follows;  

▪ First, an audio processor, carried behind the ear, captures sound from the surrounding 

via a microphone. A microprocessor converts the audio into digital signals. The 

signals are forwarded to the transmitter coil via a cable.  

 

▪ The transmitter coil is placed obliquely above the ear, outside the head. The 

transmitter coil is attached with a magnetic fastener on the inside of the skull. 

Electrical impulses (signals) are passed from the transmitter coil through the skin to 

the magnetic fastener. 

 

▪ The magnetic fastener sends electrical impulses via a leading cord to electrodes 

located in cochlea (inner ear).  

 

▪ The electrodes emit weak electrical pulses that stimulate the ear's hearing cells. The 

ear nerve sends nerve impulses to the brain's hearing centre that interprets the signals 

as sound. 

 

 

Figure 11. The headphone studied Figure 12. The structure of the headphone 
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How vibration works in different devices 

The device that was mainly investigated during this study was smartphones. This because 

mobile phones have a high intensive vibration strength in a small area. Vibration can also 

occur with small short pulses, which is a relevant technology that can inspire the solution of 

the actuators. 

The most common vibration motor found in the modern-day smartphone is what is known as 

an Eccentric Rotating Mass vibration motor (ERM). The vibration engine is a so-called Bar, 

where an unbalanced mass is located on a driveshaft, which is rotated by an electric DC motor 

(iMore, 2015). The Eccentric Rotating Mass Technology is described further in more detail in 

the section 3.2.1 Literature study in this chapter. See Figure 3 were a Bar actuator is 

presented.   

This ERM technology is found in almost all Android devices and in every iPhone before the 

iPhone 6 model (with the exception of the iPhone 4S). The vibration motor is screwed into the 

frame of the device, usually at the top corner. When electric signal is sent to the motor it 

started to spin rapidly. The uneven centripetal force causes the motor to generate a vibration 

(iMore, 2015).  

In recent models of iPhone devices the Linear Resonant Actuators technology (LRA) is used. 

LRA has recently been adopted into smartphones. The LRA technology is a new type of 

vibration unit and has a completely different mechanism compared to the ERM. Both ERM 

and LRA vibrators convert electricity into kinetic energy via electromagnetism (iMore, 2015). 

More detailed information about the LRA technology can be found in section  

3.2.1 Literature study in the report.  

The overall outcomes of the theory that were made in this project gave clarity and in-depth 

knowledge in the field of skin stimulation and various types of actuators. This contributed to a 

well foundation for continuing the design development of the actuator device. The 

preliminary study and the meeting with the expert also provided a possible technique which 

was a major achievement in the project. 

3.3 Product specification  
A product specification was made to indicate and specify the requirements and request for the 

design of the actuator device. The main function of the construction is to lower the actuators 

to skin, give imprint and return to their original position. The other requirements and requests 

for the construction to be met are presented in Appendix 3.  

Olsson´s criteria matrix 

The Olsson matrix is used to define the different criterion in the product specification. The 

different life cycle phases in relation to the aspects were not all relevant to the performance of 

finding a functional concept for the tactile movement of the actuators. Therefore, it was 

decided to make certain delimitations so that the project would not be overwhelming. These 

delimitations were made in conjunction with supervisors at Invencon AB. Where the consent 

that for now focus on getting a working concept and focus on environmental and cost savings 

at a later stage were mutual. See chapter 2.3 Product specification where the purpose and use 

of the Olsson matrix method is described in section Olsson´s criteria matrix.  
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3.4 Concept generation 
The concept generation phase was divided into two parts and was executed both in a group 

together with experts within the field as well as individually where the concepts were 

evaluated and further developed.   

The sub functions that were processed during the development of the actuator construction 

through the generation phase were: 

▪ Create linear movement 

▪ Return to original mode when not enabled 

▪ Give imprint on the user´s skin 

An additional important aspect to consider when designing the actuator unit was to make it as 

small as possible without jeopardizing the function. And to make the actuator as efficient as 

possible despite its small structure. 

The sections below present the results from the concept generation, both from the idea 

generation with experts and the individual generation.  

3.4.1 Idea generation with experts  
As mentioned in the previous section, a meeting with an expert in the field of magnetism was 

held in order to proceed with the concept development. The purpose of the meeting was to get 

advice on which technical solution of the actuator would be most appropriate. The meeting 

took place in Åmål on April 19, 2018, and was attended by the expert in magnetism, the 

Technical Director from TactileMed AB, CEO and supervisor from Invencon AB and the 

project manager.  

After discussing alternative technology solutions and the project in general, it emerged that 

the best and most suitable solution would be Linear Resonant Actuator technology. The 

meeting took a different direction after reaching the suitable technical solution. The meeting 

instead become a workshop where the ambition was to find a construction layout for the 

chosen technical solution. All who attended the meeting were involved in the workshop. Open 

discussions and brainstorming were used, and all possible suggestions were documented in 

both writing and in sketches.  

The key insights from the group generating session are listed below. 

▪ The best technical solution for the actuators is Linear Resonant Actuator Technology. 

▪ To test this theory a prototype with a good construction must be made. 

▪ The coil should be the moving part.  

▪ The magnet should have a simple design. 

▪ Mathematical calculations need to be done to provide exact dimensions of the 

components and to calculate the resonance force.    

These aspects were taken into account in the further developing of the concepts.  
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The experts could contribute rational and realistic solution proposals and immediately 

eliminated the concept proposals that will not work. The creativity method Brainwriting  

6-3-5 was therefore not used during the concept generation phase. This will be further 

discussed in chapter 4 Discussion. 

3.4.2 Individual generation 
The individual idea generation led to greater clarity and understanding for the concepts that 

were discussed at the workshop. Here the concept solutions were considered and made more 

realistic, as well as, further developed. From the workshop, various conceptual solutions for 

the layout of the actuators were emerged. These concepts were first more accurately sketched 

and then further developed.  

For the individual idea generation, the concepts were audited both as a whole, as well as in a 

more detailed perspective. This was done because the primary purpose was to find a solution 

that is realistic and meets all the requirements, and, of course, is a concept that works. The 

more detailed conceptual solutions could be the design of the spring and how the magnet and 

the non-magnetic part would be constructed. The overall structure that would be addressed 

was how all the parts that should be included in the actuator unit would be related to each 

other and how it would look. 

From the concept generation, both from the workshop with experts and the individual 

generation, 12 concepts emerged. This number (which is not so many that usually occurs in a 

classic idea generation) were the only ones emerging from the fact that many alternative 

solutions were sorted during the meeting. This could be done since the expert within 

magnetism and the Technical Director was in place throughout the workshop and could 

immediately see what was realistic for the solution of the actuator design and what would not 

work. Below are the relevant concepts that emerged during the concept generation phase. 

Concept 1. 

Concept 1 consist of two metal plates and magnetic pins in the middle of them. This creates a 

magnetic field which makes the coil move in a linear movement and pushes a flat spring. The 

spring force back the coil to its original mode. The bottom plate consists of centred solid 

cores/pins and the top plate has centred holes, which make a gap for the coil to move in. See 

figure 13.  

 

 

 

 

 

 

 

Figure 13. Illustration of concept 1 
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Concept 2. 

Concept 2 is a concept earlier 

developed by TactileMed AB and has 

been evaluated. Concept 2 consist of a 

moving magnet which pushes a pin 

when the magnetic field is activated 

around the coil. The springs pushes 

the pin back after the movement 

towards the contact surface, see figure 

14. 

 

 

 

 

 

 

 

 

 

 

 

Concept 3.  

Concept 2 is also a concept earlier 

developed by TactileMed AB and has been 

evaluated. Concept 3 is very similar as 

concept 2. The concept with the moving 

magnet is the same but the spring is 

underneath the coil, see Figure 15. 

 

 

 

 

 

Figure 14. Illustration of concept 2 adopted from TactileMed AB 

Figure 15. Illustration of concept 3 adopted from TactileMed AB 
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Concept 4.  

Concept 4 consists of a moving coil, a rectangular magnet plate with holes, a plate with 

ferrous material (non-magnetic) with pipe formed pins, see Figure 16. It also consists of a flat 

spiral spring, see Figure 17. 

 

 

 

3.5 Concept selection 
This section presents the chosen concept and how the decision was taken. The section also 

presents the results of the evaluation of the concepts and how the evaluation was performed. It 

presented a table comparing the concepts with each other. The chosen concept is then 

described and motivated why it has been chosen. 

3.5.1 Evaluation of concepts 
Evaluation of concepts is made to determine which concepts should be further developed and 

which should be eliminated. The concepts were examined according to the criteria stated in 

the product specification and if they answer the following questions listed below. 

▪ Does the solution solve the main problem? 

▪ Is the solution realistic? 

▪ Is the solution easy to perform/manufacture? 

▪ Is the information from the concept sufficient to make a good assessment if the 

solution is reasonable or not?  

These questions were partly answered by the experts who attended the meeting and by 

consulting with Technical Director from TactileMed AB via email after the meeting.  

 

 

Figure 16. Illustration of concept 4, cross section Figure 17. Illustration of concept 4, spiral spring 



32 
 

The concepts were also evaluated and sorted according to the sub functions posed during the 

concept generation phase. The sub functions are posed as questions that the concept solutions 

would answer. These questions are listed below.  

▪ Does the concept constitute a linear tactile movement? 

▪ Will the actuator return to the original mode after the movement completed? 

▪ Does the actuator concept give an imprint on the user? 

▪ Is the design of the concept as small as possible without jeopardizing the function? 

▪ Is the concept as efficient as possible for its size?  

Below, the concepts are compared to each other in Table 6, where the concepts should answer 

the questions with yes or no. The result of the comparison was then evaluated and counselling 

with supervisors from Invencon AB and TactileMed AB. The final choice of concept was 

then decided, and this was done with the supervisors as well.  

 Table 6. Comparison of concepts 

Yes =          No =  

 

Question formulations 
Concepts 

1 2 3 4 

Does the solution solve the main problem?  
   

Does the concept solution meet the 

requirements of the product specification? 

    

Is the solution realistic? 
    

Is the solution easy to perform/ 

manufacture? 

    

Does the concept constitute a linear tactile 

movement? 

    

Will the actuator return to the original mode 

after the movement completed? 

    

Does the actuator concept give an imprint 

on the user? 

    

Is the design of the concept as small as 

possible without jeopardizing the function? 

    

Is the concept as efficient as possible for its 

size?  
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From studying Table 6 you can see that Concept 4 meets all the requirements that are set. 

Concepts 2 and 3 do not meet the last questions in the table, which eliminates them. This is 

because the concept includes a moving magnet, which is not the most efficient way according 

to the Technical Director. Also, concept 2 and 3 contain larger springs which make the 

construction thicker, than the two other concepts are. 

Concept 1 has also almost fulfilled all requirements, but as the construction is not as easy to 

manufacture as desired, it was eliminated and concept 4 became final. 

After the concepts were evaluated, the different concepts options were discussed with 

supervisors from both Invencon AB and TactileMed to determine which concept is most 

appropriate to developed further. The information received from both supervisors indicated 

that the technology of the actuator mechanism must be tested to determine whether the Linear 

Resonant Actuator Technology solution is optimal. The concept chosen and the concept that 

can best illustrate and this test is concept 4.  

3.5.2 Description of selected concept 
The final choice for the concept to be further developed for the conceptual proposals to the 

actuator unit is concept 4. This solution was chosen as its design is much easier to 

manufacture and easier to assembly than concept 1. This is because the construction consists 

of a magnetic plate with pre-drilled holes instead of magnetic pins or cylinders. The entire 

actuator unit is divided into five sections, which are assembled with each other, this will be 

further explained in the section 3.6 Layout construction below. This contributes to the chosen 

concept being more advantageous than the other concepts. The construction also consists of 

flat spiral springs instead of a wave spring at the top of the magnetic plate. These flat spiral 

springs makes the actuator unit much thinner, which is one of the requests. In this 

construction, the coil is the moving part of the actuator, this because the coil is much lighter 

than the magnet, which is earlier discussed with the Technical Director and described in 

section 3.2.2 Field study in the report. Further detailed description of how the construction of 

the concept is structured and how the actuator solution works is described in section 3.6.2 

Construction description below.  

The chosen concept does not entirely answer the question Is the information from the concept 

sufficient to make a good assessment if this is reasonable or not? This cannot be answered 

because mathematical calculations on the concept are not made, which makes it difficult to 

determine if this solution is the most absolute. This must be tested by physical prototype to 

determine if this solution is optimal or not and has to be done by mathematical calculations. 

Unfortunately, this could not be done during the project due to a lack of time.  

3.6 Layout construction 
This section presents a more detailed description of the chosen concept. First, the design is 

tested in a FMEA to analyse the risks that may occur from the chosen concept that could 

jeopardize the function of the mechanism. The results of the FMEA leads to an improved 

design suggestion.  

Below you will find a detailed explanation of the components that are included in the actuator 

concept. Also pictures of the finished result are presented. 
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3.6.1 FMEA 
A Failure Mode and Effect Analysis (FMEA) was implemented and can be seen in Table 7. 

The FMEA´s results show that the design needs to be adjusted and must consider the 

following risks to reduce the risk of the failure to occur.  

The risk analysis of the failure that may occur was divided into three different factors. S 

stands for Severity, F for Failure probability and D stands for Discover probability (the 

likelihood that the failure is not detected) The three factors (S, F and D) were weighted on a 

scale from 1 – 10. The risk number (RN) was obtained by multiplying the factors for each 

failure occurrence.  

 Table 7. Failure Mode and Effect Analysis, FMEA 

S – Severity, F – Failure probability, D – Discover probability, RN – Risk number 

The highest risks are; 

▪ F4, with a score of 168. The coil touches the magnet when moving. The adjustments 

would be to have a spring that center the coil in a better way when the coil is moving.  

▪ F1, with a score of 84. Resonance frequency is too weak. The adjustments would be to 

do mathematical calculation of the resonance frequency and then test the concept. 

▪ F3, with a score of 84. The actuator is not as efficient as required. The adjustments 

would be to do mathematical calculation of the resonance frequency and then test the 

concept.  

The results of the FMEA show that the construction needs to be adjusted to ensure that the 

design still is working during use. A new construction has been developed taking into account 

the results above. Which has generated a new concept of the spring shown in Figure 18. The 

risks F1 and F3 will be solved in a late stage, which is further discussed in the chapter 4 

Discussion below. 

 

 

 

Figure 18. New spring construction, CAD model 
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Figure 20.  Magnetic plate, with six centred drilled holes 

3.6.2 Construction description  
The solution is a conceptual proposal that meets all the requirements and is a concept that can 

be tested in a good and realistic way to see if the technical solution can be used in the skin-

hearing device. In order to make a working prototype as quickly as possible the actuator 

concept was chosen to be constructed as easy as possible based on its complicated 

technology. A prototype would then test if the concept works properly and decide whether the 

technical solution is the most optimal.  

The concept of the actuator mechanism for the tactile hearing aid works as follows. When 

sound has been captured by the microphone and converted to electronic signals, they are sent 

to the actuator array. The linear movement that contributes to the tactile touch on the user is 

done by the moving coil that moves by an electric magnetic field. The coil is attached to a flat 

spring that center the coil in a gap of a magnetic hole and a non-magnetic ferrous core in the 

middle, which is the moving space of the coil. The spring pushes the coil back to its original 

position after the linear movement and makes the actuator ready to resume the movement 

when the next signal has been sent. 

The actuator design consists of a rectangular magnetic plate (with six centered holes), a plate 

of ferrous material (with six centered cylinders), a coil attached to a spring plate and a pin that 

imprint the skin at the linear movement of the coil, see Figure 19. The components are listed 

below, and further discussion of de different parts are made. The dimensions of the 

components are estimated as in-depth mathematical calculations are not made.  

 

 

 

 

 

. 

 

Magnetic plate 

The magnetic plate consists of six centered 

pre-drilled holes that the coil can move up and down 

through. The rectangular magnetic plate is 3 

millimeters thick, 10 millimeters width and 60 

millimeters long, which contributes to 10 millimeters 

between each hole. The holes at the extremities are 

located 5 millimeters from the edge. The holes are 

estimated to have a diameter of 8 millimeters.  

The magnetic plate has an N pole on the upper side of 

the plate and the lower side has an S pole, see  

Figure 20. 

Figure 19. A cross section that shows the function of the tactile 
movement of the actuator. 
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Ferrous plate 

The second plate is a ferrous plate with a thickness 

of 0.5 millimeters. The ferrous plate has six 

cylinders with the same centering as the holes of the 

magnetic plate, see Figure 21. This is because the 

cylinders to fit perfectly into the holes and form a 

gap that the coil moves through. The diameter of the 

cylinder is estimated at 7 millimeters. 

 

 

Spring plate 

The holes on the spring plate are centered with 

magnet and ferrous plate. The thickness of the 

spring can vary and depends on the elasticity 

needed to bring the coil back to its original 

position, but easily be pushed out at the linear 

motion. When the choice was made to have a flat 

spring, its thickness will not exceed the thickness 

of a wave spring for example. Which is 

advantageous when the actuator thickness is 

desired to be as thin as possible. The material of 

the spring plate is not determined, but it should be 

of non-magnetic metal or of plastic, see figure 22. 

 

 

Coil, pin and spring plate 

The coil is attached to the spring which 

centers the coil in the gap at all positions of 

the movement. It is important that the coil is 

always precisely centered so that it does not 

reach the magnet, which causes the 

maechanism to fall. The construction of the 

spring allows it to take linear loads and not 

obliquely at any position which is 

advantageous. A small pin is also attached to 

the coil and the spring, it is the one that  

imparts the user. See Figure 23. 

 

 

Figure 21. Plate of ferrous material, with six centred cylinders 

Figure 23. A coil attached to a spring plate with a pin that imprint 

the skin at the linear movement of the coil 

Figure 22. The spring plate 
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3.6.3 CAD modelling 
The CAD models illustrates the actuator mechanism as well as the finished result of the whole 

actuator device. Figure 24 and Figure 25 show the different positions of the actuator device. 

The finish result of the actuator mechanism can be seen in Figure 26, 27 and 28.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. Finished result of actuator device, upper side. 

Figure 25. Finished result of actuator device, lower side. 
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Figure 26. The components and function of the actuator 

Figure 27. The Actuator design 

Figure 28. The structure of the actuator device 
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4. Discussion  

The purpose of the project was to develop a conceptual proposal for the mechanism of 

actuators in a tactile hearing aid. The actuators should perform a linear movement from the 

start position when an electrical signal is sent to the actuator and then give an imprint on the 

user's skin. This has previously been researched and investigated by the Technical Director 

from TactileMed AB and a prototype has been developed. The most essential challenge of the 

project was to find a better technical solution than the current prototype and to make an 

improved design that could be significantly smaller, so that the hearing aid can be applied to a 

child's arm.  

Due to the complexity of the project, since of its radical new technology, a careful structuring 

of the process was required at the start of the project. The biggest and most demanding phase 

of the project was the preliminary study. The tactile hearing aid as well as the actuators 

mechanism are completely new technologies that are not on the market today, which 

contributed to the research being the essential part of the process. These types of techniques 

are called radical innovations, and these constitute products with new technologies which 

leads to a completely new market (Garcia & Calantone, 2002). When creating product 

innovations, it is important to be able to identify variables that affect the creation of radical 

innovation. First, the core business functions that are directly linked to the product innovation 

process are the most suitable to take into account. These include logistics, production, 

marketing and sales. In addition to this, crossing functions must be considered, which is the 

important part of this particular project, since it is focus on the development of the product 

and not the sales and marketing after. These include research and development, among other 

things. This suggests the relevance of two technical promoters for the implementation of 

radical product innovations, which means learning from previous knowledge, experience and 

actual investments (Herrmann, Tomczak, & Befurt, 2006). Which was done by consultation 

and meetings with expert within the field.  

The methods used in this process then became slightly different from the classic design 

process, since the process follows a radical technological development. The method model 

used in the preliminary study phase was divided into three categories, Literature study, Field 

study and a Technical survey. This was intended to cover all areas of information that could 

contribute to the development of concepts.  

The lesson that came up with making a plan for how all information could be obtained to have 

enough knowledge was to get help from people with experience within the field early in the 

project. It was difficult at the beginning of the project to know how much knowledge would 

be sufficient to come up with at a suitable solution. Therefore, the plan was set up to cover the 

three main parts, read research articles (literature study), get expert advice (field study) and 

conduct a technical survey. The plan worked very well but had the meeting with the expert 

held in an earlier stage, a lot of time could have been won and the conceptual proposal might 

have been tested. 

The method model planned to be used in the concept generation phase would consist of both 

creative methods and systematic and rational methods as mentioned earlier in the report in 

chapter 2.4 Concept generation. There all ideas are welcome and more creative suggestions 

are preferable. In this case, creativity methods were not the optimal tool for generating ideas. 
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Because the experts that attended the meeting could contribute realistic and rational solutions 

and immediately eliminated the proposals that will not work. The creativity method 

Brainwriting 6-3-5 was therefore not used. Not having creative methods meant that not so 

many concepts could be evaluated or combined. Concept proposals were perceived to be 

limited and not so "daring", but on the other hand, have experts who directly say what works 

and did not save much time and instead focus on the proposals that work.  

Another aspect of this is that when it comes to development of radical innovations that require 

counselling from experts during meetings, it is usually limited with time. What was the case 

in this project. There was no room for creative methods, decisions had to be taken relatively 

quickly and discussions and asking questions were more valuable at this stage. 

However, it would probably be beneficial to have more experienced participants in other 

specialist areas, such as microtechnology or nerve stimulation, participating in the meeting. It 

could possibly have contributed to more creative ideas without using creative generation 

methods. This could be due to the fact that they are highly experienced in the field and can 

directly discuss solutions and then benefit from their various expertise. 

The chosen conceptual solution became an actuator concept with the technology Linear 

Resonant Actuator Technology, which was discussed and decided by the experts at the 

meeting in Åmål. Several technical solutions were discussed but LRA technology was the 

most optimal solution. Before the choice of the technical solution was made, the project was 

at a stage where delimitations would be made in order to achieve some form of solution to 

reach the objectives of the bachelor thesis. This because of the limitations of knowledge to 

come up with a solution that meet the requirements imposed on the construction. But from the 

advice from the Technical Director and the expert in magnetism, the project took a different 

turn and the vision of the project's goals could remain as they were at the start of the project. 

The construction of the actuator device is divided into five different sections where six 

actuators are placed in each section. This is a design that will facilitate manufacturing and 

assembly and hopefully be effective enough to perform the linear movement and give the 

tactile touch on the skin. Unfortunately, this could not be calculated or tested due to lack of 

time. A mathematician was contacted but was unable to make the calculations before the end 

of the project. Which means that this is something that must be done in further work to see if 

the conceptual solution is appropriate for the actuator mechanism. 

What contributed to the lack of time was that the preliminary study took longer than it was 

estimated. Much time went on reading research articles and embarking on the study that had 

already been done to get hold of the field. As mentioned earlier, this phase could have been 

shorter if expert assistance had been introduced earlier.  

Looking back at the project, it is understood that the preliminary study was the largest and the 

most important part of the project and therefore required a lot of time. The phases such as 

concept generation and concept selection did not require the same timeframe. These phases 

were merged when the execution took place parallel and the decisions were not taken 

according to the classical design process. Many decisions were taken instead with advice and 

discussion with experts with experience in the field. Which was a much better method for this 

project, since this technology is not available today and needs to be decided on facts and 

experience.  
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Testing the concept and getting calculations showing that this solution works and is 

reasonable would strengthen the result of the project. On the other hand, the current 

conceptual proposal meets the given problem formulation and all requirements which indicate 

that the project was successful but that further investigation needs to be done for future work.  

Overall, the project has followed the project model with some shift in time schedule. At the 

beginning of the project a project plan was made with the vision that the project will follow 

the classic design process with a larger preliminary study. This classic design process could 

not be fully followed by the radical innovation that the project concerns, but the structure was 

about as planned from the outset. The major lesson is to have good planning at the beginning 

that follows the project model and not a given process. It is important to adjust the structure 

after the project and not the contrary. As well as having good time scheduling, so possibility 

of adjustments in the planning can be done as needed. 
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5. Conclusion  

The result of the bachelor thesis work is a conceptual suggestion concerning the mechanism 

of actuators to a tactile hearing aid. The results include both a technical solution of the 

mechanism and a conceptual design of the actuators.  

The aims of the project were to present a technical solution of the actuator mechanism, 

present a detailed layout design of the chosen concept as well as present a conceptual solution 

that meets the requirements. From an in-depth preliminary study and consultation with 

experts the conclusion of the technical solution became a technology called Linear Resonant 

Actuator technology. The linear movement that contributes to the tactile touch on the user is 

by a moving coil that moves by an electric magnetic field. The actuator design consists of a 

rectangular magnetic plate (with six centered holes), a plate of ferrous material (with six 

centered cylinders), a coil attached to a spring plate and a pin that imprint the skin at the 

linear movement of the coil. In addition, all requirements from the product specification and 

requests from the outsourcer were met. Therefore, the objectives are considered to be fulfilled 

and that the problem formulation has been answered.  

The final conclusion of the project is that Invencon AB and TactileMed AB face a choice of 

how they want to proceed with the concept solution. Should the conceptual solution be further 

developed, or will another conceptual proposal be developed? To determine this, the current 

concept needs to be tested to ensure that the technical solution works, and if adjustments in 

the design should be made to achieve greater efficiency and resonance frequency. 

Recommendation for further work is listed below. 

▪ Mathematical calculations of the resonance frequency. 

▪ Mathematical calculations of the efficiency  

▪ Mathematical calculations of the size of the magnetic hole, the diameter of the non-

magnetic cylinder. This because to now the optimal size of the gap. 

▪ Mathematical calculation also needs to be done on the coil.  

▪ A prototype needs to be built 

▪ And last, the prototype needs to be tested to see if the actuator device works as 

desired.  

These recommendations should be examined before final selection of design changes or other 

choice of technology is made. 
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Project plan 
 

 

Development of actuators to a tactile hearing aid 

 

Emelie Håman 

 

1. Background  

There are over 8.5 million people in the world who are affected by deafness and are unable to 

get cochlear implants. Research conducted between 1950 and 1995 showed a study of how 

the use of actuators can stimulate the skin nerve associated with different frequencies of 

sound. This thus enable people who are deaf to be able perceive sounds in their surrounding 

with the help of touch. The research showed that the pressure/touch of the skin that repeat 

itself in patterns can make people learn and recognize them and in that way, be able to 

understand the meaning of the acoustically controlled patterns.  

The project is based on this research and this technique should be applied to a band that will 

be attached to the user’s arm. The band will pick up sound and speech via a microphone. 

After the frequencies of the sound are captured, they are sent to an actuator that is in contact 

with the skin. This signal contains something that can for now be described as several 
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cylinders down to the skin and the person is aware of these pressures and can then perceive a 

pattern from the audio-frequency.  

This project is a Bachelor Thesis that summarizes the Innovation and Design program at 

Karlstad University. The project is going to take place in the spring 2018 within the course 

Degree for Bachelor of Science in innovation and design and includes 22.5 credits points.  

The project is conducted in collaboration with Invencon AB and Markos Garras from 

TactileMed.   

 

2. Goals  

The objective of the project is to meet the requirement and preferences that regards the 

solution of the core mechanism of the product. Generate, develop and validate concepts of the 

movement of the actuators and detailed construction of the selected concept will be 

performed.  

The aim is that at the end of the project, if time is available, manufacture a prototype that will 

illustrate the meaning of the product and illustrate the mechanism of the actuators. To get a 

good understanding of the concept of the whole product.     

The project is estimated to be completed in 18 June 2018, when the final report and 

presentation will be represented at Karlstad University.  

 

2.1 Purpose and problem formulation 

The purpose of this thesis is to investigate and find the most suitable solutions of the core 

mechanism for a tactile hearing aid. Develop a suitable concept of the movement of the 

actuators.  

The main problem formulation of the project is; 

How should the mechanism of actuators be designed to provide a tactile movement that gives 

imprint to user´s in an acoustically controlled pattern?   
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2.2 Aims of thesis work and Thesis Objectives  

Following are the objectives of this work; 

▪ Get an understanding of the structure and functions of the current concepts. 

▪ Get a good knowledge about microtechnology. 

▪ Investigate if there is an existing technology that can be implemented in the concepts. 

▪ Present a solution that meet the requirements. 

▪ Present a detailed layout construction of the selected concept   

 

 

2.3 Delimitations   

The tactile hearing aid will contain several parts, such as a microphone, battery, circuit board 

and the actuators. The hearing aid will also contain a band that packages the features of the 

product that can be applied to the user´s arm.  

The project will only include development of the mechanism where concepts of the tactile 

movements of the actuators will be provided.  

Further delimitations of the process may occur during the project.  

  

 

3. Project organization 

Contact information 

Place of Work:  

Invencon AB 

Pumpgatan 4, 652 21 Karlstad 

Sweden 

Project Manager     

Emelie Håman    

Supervisor Invencon AB    

Henrik Svärd, VD    

Supervisor TactileMed    

Markos Garras    

Supervisor Karlstad University   

Jakob Trischler     

Examiner Karlstad University 

Leo De Vin 
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4. Document managements  

Since the project contains academic requirements, several documents need to be handled. To 

prevent loss of documents if technical failure occur, backups of documents will be taken 

continuously and be stored on Google Drive and a physical hard drive.  

All documentation will be performed in a private computer, and the documentation is based 

on the correct academic writing for a technical report. The documents will be named Project 

phase_version_Emelie_Håman and be submitted on Its Learning as a PDF-format.  

References management will follow the Harvard method.   

A project diary will be kept and contain time and date for each project phase and activity. The 

project diary will be updated continuously during the whole process.  

 

5. Project planning 

The project model that is shown in Table 1 present the phases with associated milestone, 

tollgate, start date and when the phase is supposed to be finished (End date). This model gives 

a clear picture of the project and an overview of the phases and deadlines.  

To identify and describe the activities throughout the assignment a Work Breakdown 

Structure (WBS) was created, which is shown in Figure 2.    

Table 1. Project model of the assignment     Version 1.0 

Project Phase Milestone Tollgate Start date End date 

Project planning 
Project plan  

finished 

 
2018 – 02 – 02   2018 – 02 – 09  

 
 Project plan 

Approved 

  

Pre – study   2018 – 02 – 09  2018 – 03 – 02  

Product specification  

Product 

specification 

finished 

 2018 – 02 – 15  2018 – 02 – 23  

  

Product 

specification 

approved 

  

Mid – project 

presentation 

Submission of 

Methodology  
 2018 – 02 – 14  2018 – 03 – 21  

  

Methodology 

phase 

approved 

  

Concept generating 

Concept 

description 

finished 

 2018 – 03 – 07  2018 – 03 – 31  
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Concept selection 
Concept 

selected 
 2018 – 04 – 02  2018 – 04 – 07  

  
Concept 

approved 
  

Layout construction 
Construction 

finished 
 2018 – 04 – 09  2018 – 04 – 21  

  

Layout 

construction 

approved 

  

Manufacturing of 

prototype 

(if time is available) 

Prototype 

finished 
 2018 – 04 – 23  2018 – 05 – 03  

Testing and 

Validation 

(if time is available) 

Good results  

from testing 
 2018 – 05 – 04  2018 – 05 – 11  

  
Prototype 

approved 
  

Final presentation 
Examination of 

presentation 
 2018 – 05 – 31  2018 – 05 – 31  

  

Final 

presentation 

approved 

  

Report writing 
Report finished 

for opposition 
 2018 – 02 – 02  2018 – 05 – 25  

  

Report 

approved for 

opposition 

  

Opposition   2018 – 06 – 06  2018 – 06 – 07  

Adjustment of report 
Report finished 

for examination 
 2018 – 06 – 08  2018 – 06 – 18  

  
Final report 

approved 
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6. Comments to resources and time plan 

The resource plan is ranged from week 4 to 24. The project plan is the foundation for the 

project and will be updated if necessary.  A timetable of the assignment was made to clarify 

the different phases in ratio to the planned time. To present the time distribution to each 

Bachelor Thesis 
Invencon AB

Project Start

Project Plan

Planning

Pre-Study

Research

Technology survey

Study current 
concepts

Product specification

Concept 
generating

Creativity and 
technical methods

Function analysis

Follow-up with 
supervisors

Screening concepts  
against product 

specification

Concept selection

Combine solutions

Select concept

FMEA

Layout 
construction

Detalied 
construction

Calculation

CAD

Prototype 
construction

Testing 

Validation

Manufacture of 
prototype

Project Finished 

Final presentation

Exhibition

Final report

Opposition

Figure 1. Gantt chart 

Figure 2. WBS 



52 
 

phases of the project a Gantt Chart was created to provide an overall picture of the process, 

see figure 1.    

In addition to the project plan consulting meeting with supervisor from Invencon AB, as well 

as thesis advisor from Karlstad University will be performed ongoing throughout the project. 

A detailed planning for each phase will also be made to prevent time shortage and avoid 

project getting out of track.  

After a consulting meeting with Jan Sjöberg, Project manager at Invencon AB, was a buffer 

decided to be scheduled in the Prototype and Layout construction phase. This to give the 

Report writing phase more time since it´s an important part in the process. It was also decided 

that the activities Manufacture a prototype and Testing and Validation will be performed only 

if time is available.      

 

7. Risk assessment 

An analysis of risk has been made to prevent complications to occur and cause problems in 

the project. The analysis is presented in Table 2, where the highest Risk factors (R) represent 

the greatest risks and what the adjustments can be to prevent it. The description of the risk is 

reported and assessed with Probability (P) and Consequence (C) that occur with a scale 1-5.  

Table 2. Risk assessment for the project     Version 1.0 

Risk analysis P C R Adjustment 

Time constraints, Lack of time 4 5 20 

Accurate planning for 

each project phase. 

Scheduled time buffer in 

the time plan.  

Contact with supervisor/outsourcer from 

Invencon AB is absent (due illness etc.) 
1 4 4 

Contact other employees 

at the company. Contact 

supervisor at KAU. 

Absence due illness, affects time plan 2 4 8 
Adjustments in time plan 

(Gantt Chart) 

Lack of knowledge/information 3 4 12 

Search for more 

information. Get help 

from supervisors and 

experts in the subjects.  

Not achieving the objectives of the project 3 5 15 
Continuous follow-up 

with supervisors.  
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The project is not approved 1 5 5 

Follow-up with 

supervisor/examiner from 

KAU and supervisor at 

Invencon AB 

Business to Business (BtoB). 

Conflicts between the two company that are 

involving, and the project.  

2 5 10 

Good contact with the 

supervisors from 

Invencon AB and 

TactileMed.  

P = Probability  C = Consequence R = Risk factor (P * C) 
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Appendix 2. 

 

Pictures of current prototype 
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Appendix 3.  

 

 

Product specification  

 

 

 

Table 1. Olsson´s criteria matrix (1978) 

 

 

 

 

 

 

 

 

 

 

 

Life cycle phase 
Aspect 

Process Environment People Economy 

Processing (Development, construction 

ect.) 
1.1 1.2 1.3 1.4 

Production (Manufacturing, assembly, 

control, storage ect.) 
2.1 2.2 2.3 2.4 

Disposal (Selling, distribution ect.) 3.1 3.2 3.3 3.4 

Consumption (Installation, use, maintain 

ect.) 
4.1 4.2 4.3 4.4 

Elimination (Off-site transfer, recycling, 

destruction ect.) 
5.1 5.2 5.3 5.4 
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Main Function: The actuators are lowered to skin, give imprint and return to their original position 

Criterion 

number 
Cell Criteria  

Demand = D 

Request = R 

Function = F 

Restriction = R 

1 1.1 
Meet the general safety requirements according to 

Swedish standard  
D R 

2 1.2 Environmentally friendly material  R, 2 R 

3 1.3 The mechanism must not be detrimental to the user D R 

4 1.4 
The development cost must not exceed X Swedish 

crowns 
N/A - 

5 2.1 Standard components  R, 4 R 

6 2.1 Mass production R,2 R 

7 2.2 
Manufacturing process must not affect internal and 

external environment  
N/A - 

8 2.3 
Manufacturing process must not detriment human 

beings 
N/A - 

9 2.3 
Ergonomic (cognitive) assembly, understandable 

construction 
R, 3 F 

10 2.3 Minimize assembly time R,3 F 

11 2.4 
Manufacturing cost must not exceed Y Swedish crowns 

per detail 
N/A - 

12 3.1 Not get damaged during transport R,2 F 

13 3.2 Minimize freight volume  R,2 R 

14 3.2 
As little material as possible without endangering 

durability 
R, 4 R 

15 3.3 Do not break during operation D F 

16 3.4 Minimize freight volume  R,2 R 

17 4.1 
The actuators are lowered to skin, gives imprint and 

return to their original position 
D F 

18 4.2 As energy efficient as possible for its size D F 

19 4.3 User perceive/recognize the imprints of the actuators  D R 

20 4.4 As energy efficient as possible D F 

https://sv.bab.la/lexikon/engelsk-svensk/environmentally-friendly

