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Abstract 
In the spring of 2014, a Swedish pop artist released a new music album. In connection to the album, 
additional music material was to be released later the same year in form of a music player that could 
only play this material specifically. The main scope of this degree project was to develop this music 
player from an early concept to a manufacturable product. Requirements included a pyramidal sheet 
metal housing, intuitive interface and an aesthetically pleasing design in accordance with the 
company profile. Furthermore, the acoustic properties of the music player were examined and 
adapted to the requested sound reproduction, product shape, manufacturability and costs. 

The creative process was based on the Design Thinking philosophy to broaden the innovative space 
and to prototype a potential user experience through need finding. Other methods used included 
acoustic tests, design for assembly, decision-matrices and CAD modelling. Material and construction 
alternatives were analysed and compared to suitable manufacturing methods and chosen for optimal 
functionality, ease of assembly and profitability. 

The result was presented as a base for production, by which the final product could be realised. By 
including a rechargeable battery, the music player was made portable. It featured one speaker for 
monaural sound reproduction and a minimalistic and intuitive user interface, designed to include 
two switches for all desired functions. The product housing would have a honey comb patterned 
perforation for the speaker and be made out of laser cut steel sheet metal. 

Depending on the volume to be produced, alternative design and manufacturing methods for lower 
setup time and production costs have been investigated. 
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Sammanfattning 

Våren 2014 släppte en svensk popartist ett nytt musikalbum. Senare samma år skulle extramaterial 
släppas i form av en fysisk musikspelare som enbart kunde spela detta material. Detta 
examensprojekt gick ut på att utveckla denna musikspelare från en tidig konceptidé till en 
tillverkningsbar produkt. Produkten skulle enligt grundkraven vara tillverkad av plåt och ha en 
pyramidisk form. Vidare skulle den innefatta ett intuitivt användargränssnitt och en estetiskt 
tilltalande design i enlighet med företagets profil. Därutöver utforskades även musikspelarens 
akustiska egenskaper och anpassades till den önskade ljudbilden med hänsyn till form, 
tillverkningsbarhet och kostnad. 

Den kreativa processen i projektet baserades på en Design Thinking-metodik, med syfte att utvidga 
det innovativa utrymmet och att modellera en potentiell användarupplevelse för en behovsanalys 
grundad i form och funktion. Andra metoder som användes var bland annat akustiska tester, design 
for assembly (DFA), beslutsmatriser och CAD-modellering. Material- och konstruktionsalternativ 
analyserades och anpassades efter lämpliga tillverkningsmetoder för optimal funktion, enkel 
montering och kostnadseffektivitet. 

Resultatet presenterades som ett underlag för produktion av musikspelaren. Genom att inkludera ett 
laddningsbart batteri gjordes produkten portabel. Den hade en inbyggd högtalare för monofonisk 
ljudåtergivning och ett enkelt och minimalistiskt gränssnitt bestående av två knappar för samtliga 
funktioner. Plåthöljets perforering på högtalarsidan skars ut med laserskärning i ett symmetriskt 
vaxkakemönster. 

Alternativa former, material och tillverkningsmetoder undersöktes även för anpassning efter lägre 
ställtider och tillverkningskostnader beroende på valet av produktionsvolym. 
 
Nyckelord 
Design Thinking, Produktutveckling, Plåt, Pyramid, Musik   



 



 
 

Preface 
This bachelor thesis was carried out at the Swedish company Teenage Engineering AB in the 

spring of 2014, as the final project of the Degree Program in Mechanical Engineering - 

Innovation and Industrial Design at the Royal Institute of Technology, KTH. 

We would like to thank Teenage Engineering for giving us the opportunity to be a part of this 

creative and unique project. 

We also want to give a warm thanks to certain individuals who were of great help and inspiration 

with their expertise; Sophie Buergin for taking the time to discuss how design thinking could be 

implemented in this kind of project, Mark Lange for the insightful advice concerning sheet metal 

construction and manufacturing, and Lennart Karlén for the recommendations on possible 

acoustic measures. 

Big thanks to all the test persons for participating in the user prototyping and accompanying 

interviews. 

Lastly, we would also like to give special thanks to our supervisors, Louise Maniette at KTH, and 

David Möllerstedt at Teenage Engineering, for their support and guidance throughout the 

project. 

 

 

Stockholm, June 2014 

Ali Safa Ahmad 

Patrik Binkowski



 
 

  



 
 

Table of contents 

1. Introduction .............................................................................................................................................. 1 

1.1 Background ........................................................................................................................................ 1 

1.2 Problem definition ............................................................................................................................ 1 

1.3 Purpose ............................................................................................................................................... 2 

1.4 Goals ................................................................................................................................................... 2 

1.5 Delimitations ...................................................................................................................................... 2 

1.6 Report outline .................................................................................................................................... 2 

1.7 Initial sketch ....................................................................................................................................... 3 

1.8 Requirements specification .............................................................................................................. 3 

2. Methodology ............................................................................................................................................. 5 

2.1 Design Thinking ................................................................................................................................ 5 

2.2 Brainstorming..................................................................................................................................... 6 

2.3 Prototyping ......................................................................................................................................... 6 

2.4 Testing ................................................................................................................................................. 7 

2.5 CAD modelling .................................................................................................................................. 7 

2.6 Pugh matrix ........................................................................................................................................ 7 

2.7 Design for Assembly ......................................................................................................................... 8 

3. Research ..................................................................................................................................................... 9 

3.1 Need finding through user prototyping ......................................................................................... 9 

3.2 Functionality analysis ...................................................................................................................... 11 

3.3 Components ..................................................................................................................................... 12 

3.3.1 Power supply ............................................................................................................................ 12 

3.3.2 Storage and protection ............................................................................................................ 13 

3.3.3 Interface .................................................................................................................................... 14 

3.4 Speaker tests ..................................................................................................................................... 15 

3.5 Acoustic tests ................................................................................................................................... 16 

3.6 Price breakdown .............................................................................................................................. 18 

4. Construction and design ....................................................................................................................... 21 

4.1 Sheet metal housing ........................................................................................................................ 22 

4.2 Internal construction ....................................................................................................................... 24 

4.2.1 Component placement ............................................................................................................ 24 

4.2.2 Acoustic measures ................................................................................................................... 26 



 
 

4.3 Materials and manufacturing.......................................................................................................... 26 

4.3.1 Sheet metal: ............................................................................................................................... 26 

4.3.2 Baffle .......................................................................................................................................... 28 

4.3.3 Environmental aspects ............................................................................................................ 28 

5. Results ...................................................................................................................................................... 31 

5.1 Updated requirements specification ............................................................................................. 31 

5.1.1 Functional requirements ......................................................................................................... 31 

5.1.2 Non-functional requirements ................................................................................................. 31 

5.1.3 Additional requirements ......................................................................................................... 31 

5.2 Function and components ............................................................................................................. 32 

5.3 Manufacturing .................................................................................................................................. 32 

5.4 Design ............................................................................................................................................... 33 

5.5 Sound ................................................................................................................................................ 34 

5.6 Cost .................................................................................................................................................... 35 

6. Discussion ............................................................................................................................................... 37 

7. Conclusions ............................................................................................................................................. 39 

8. Recommendations ................................................................................................................................. 41 

9. References ............................................................................................................................................... 43 

List of manufacturers ............................................................................................................................ 46 

Appendices 

Appendix I – Pugh matrices 

Appendix II – Material and manufacturing costs 

Appendix III – Renderings 

  



 
 

Index of tables 
Table 1: A compilation of user needs, translated to product qualities ............................................... 11 

Table 2: Speaker test .................................................................................................................................. 15 

Table 3: Test results, mono ....................................................................................................................... 16 

Table 4: Test results, stereo ....................................................................................................................... 16 

Table 5: Acoustics test 1 – sound reproduction .................................................................................... 17 

Table 6: Acoustics test 2 – sound reproduction .................................................................................... 17 

Table 7: First price breakdown ................................................................................................................. 18 

Index of figures and illustrations 
Figure 1: Initial sketch (Teenage Engineering, 2014) .............................................................................. 3 

Figure 2: Steps in a Design Thinking process (Stanford University Institute of Design, 2014b)..... 5 

Figure 3: Innovation space explorations ................................................................................................... 6 

Figure 4: Six steps of the Pugh matrix method ........................................................................................ 8 

Figure 5: Form prototypes for need finding........................................................................................... 10 

Figure 6: Functionality analysis flowchart............................................................................................... 12 

Figure 7: Multifunction potentiometer switch functions ..................................................................... 14 

Figure 8: Speaker enclosure for tests ....................................................................................................... 15 

Figure 9: Speaker placements (top view): mono, narrow stereo and wide stereo ............................. 15 

Figure 10: Acrylic baffles with different hole diameters ....................................................................... 17 

Figure 11: Sheet metal and plastic construction alternatives I-VI ....................................................... 22 

Figure 12: Sheet metal construction alternatives A and B.................................................................... 23 

Figure 13: Screw post (profile view) ........................................................................................................ 24 

Figure 14: Interface placement alternatives ............................................................................................ 25 

Figure 15: Circuit board layout ................................................................................................................. 26 

Figure 16: Sheet metal housing................................................................................................................. 33 

Figure 17: Interface alternatives ............................................................................................................... 33 

Figure 18: Hexagonal perforation ............................................................................................................ 34 

Figure 19: Perforation alternatives ........................................................................................................... 34 

 

  



 
 

List of acronyms 
Acronym Description 

BGA Ball grid array 

CAD Computer aided design 

DFA Design for assembly 

HAZ Heat-affected zone 

IC Integrated circuit 

MB Megabyte 

Mbit Megabit 

NRE Non-recurring engineering 

PCB Printed circuit board 

RFQ Request for quotation 

TE Teenage Engineering 



1 
 

1. Introduction 
Teenage Engineering is a Swedish engineering and design studio based in Stockholm. Since 2007, 

the company creates products focused on creativity and sound. Apart from in-house design and 

development of electronics, software and industrial design, they have also done successful 

consultant work for IKEA, Absolut, New Balance and Ericsson, among others. 

The most renowned product so far has been the OP-1 synthesizer, a unique piece of musical 

equipment famously used and endorsed by many celebrities in the music business, as well as 

many amateur musicians and creative minds. The latest big product release was, besides the 

Oplab Musical Experimental Board, the OD-11 cloud speaker. Based on Swedish engineer Stig 

Carlsson’s legendary speaker from 1974, and re-engineered in close collaboration with the Stig 

Carlsson Foundation, it is built especially for listening to cloud based music. 

Currently, besides developing new exciting consumer products, a project has been initiated in 

collaboration with a Swedish pop artist to develop a new, physical way to experience music. 

1.1 Background 
A Swedish pop artist released a new music album in the spring of 2014. In connection to the 

album, additional music material was to be released later the same year in form of a music player 

that could only play this material specifically. 

The concept was inspired by Hindu and Buddhist “mantra boxes”, or “chanting boxes” – simple 

and cheap audio players that play one or more pre-recorded mantras, chants or prayers through a 

built in speaker. The chants are repeated until the device is switched off, or until the batteries are 

discharged. 

The target group for the product was the same as for the artist’s music, i.e. existing and potential 

new fans. The product would offer added value for the users and serve as a collector’s item. 

1.2 Problem definition 
The project scope was to develop a music player that would play a set of predefined music tracks 

and allow the user to adjust the volume and to choose the next track. 

The main design outline of the music player was presented by TE, and provided a basis for 

further product development. A pyramidal shape and sheet metal as the preferred choice of 

material, as well as the desired functional simplicity needed to be harmonized for the product to 

be realised. 

A cost estimate for a smaller series of 100 units and a larger quantity of 10,000 units would 

provide a base for decision for further development. 

The product would be developed for easy manufacturing and assembly, but also with cost 

effectiveness in mind. 
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1.3 Purpose 
The purpose of this project was to develop a base for production by investigating and choosing 

the optimal components, design, structure and functions, and determining how these should 

interact to give the user the desired experience. 

1.4 Goals 
The project goals were to: 

 Investigate and decide which functions and components that would be implemented to 

offer the requested user experience 

 Determine the optimal placement of components for ideal functionality, most effective 

manufacturing technology and lowest cost 

 Recommend potential design changes in accordance with the company’s design profile 

 Examine how the Design Thinking methodology can be adapted to the product 

development process, given the limitations of the given project form 

 Depending on the requested sound reproduction, adapt the sound and audio quality to 

limitations such as product size, manufacturability and costs 

1.5 Delimitations 
 The external design would be based on the initial sketches made by Jesper Kouthoofd at 

Teenage Engineering 

 The project would not cover programming or detailed circuit board design 

 The project would not examine the production process in terms of e.g. outsourcing 

 The implementation of Design Thinking in the methodology was adapted to suit the 

structure and form of the project 

1.6 Report outline 
Due to the dynamic nature of this project, the report has been outlined according to the main 

chronological order of the different sections. The reader is advised to keep in mind that a large 

part of the creative process was iterative; meaning that research, testing, construction and design 

needed simultaneous analysis and successive alterations. 

In the introductory chapter (Section 1), the reader will be presented with a background to and a 

definition of the project scope. Section 2 presents the main methods by which the project was 

executed. In the following research chapter (Section 3), the authors explain the scientific structure 

on which design and construction decisions were made, in form of tests and market research. 

After this, the implementation of the insights gained from the research is presented in Section 4. 

Here, the construction process is divided in external and internal parts of the product, leading up 

to the manufacturing of the outcome. The results (Section 5) will be presented as a proposition 

for the company, by which the final product can be realised. Lastly, a discussion of the project, 

process and the results will be presented (Section 6), followed by conclusions made by the 

authors (Section 7), along with recommendations for potential future development (Section 8). 
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1.7 Initial sketch 
The first design sketch (Figure 1) presented to the authors by TE was used as a source of 

inspiration and an outline for the basic shape to be investigated. 

A first prototype was made at the beginning of the project, and had a 1 mm thick steel sheet 

metal housing that was perforated along the edges. It had a push button switch on the front 

speaker panel and a potentiometer switch on the back, and had a standard circuit board with a 

SD card reader for test purposes. The first prototype was powered by a built-in power cord and 

an AC/DC adapter. 

 

Figure 1: Initial sketch (Teenage Engineering, 2014) 

1.8 Requirements specification 
Initial requirements included: 

 The product housing would be made of sheet metal 

 A user interface that would allow a power function, volume adjustment and skipping to 

the next music track 

 A visual or audio feedback to indicate status 

 Intellectual property protection: manipulation of, and access to the audio data would be 

hindered 

 Components, materials and manufacturing technology would be chosen for best cost 

effectiveness 

 The product would allow a retail price of $60-200  
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2. Methodology 
The following sections will present and describe the main methods used in this project, along 

with a brief explanation on how they were applied in the project. 

2.1 Design Thinking 
Design Thinking is a human-centred, design-based approach to innovation. The process 

combines methods and ideas from engineering, design and art, with tools from the social sciences 

and insights from the business world. This approach merges technology (feasibility), business 

(viability) and human values (usability, desirability), which enables to develop radical new 

products, service and business models (Stanford University Institute of Design, 2014a). The 

design thinking process is rather a system of overlapping spaces than a sequence of orderly steps, 

which consists of three bigger spaces such as inspiration, ideation and implementation (Ideo, 

2014). 

 

Figure 2: Steps in a Design Thinking process (Stanford University Institute of Design, 2014b) 

Due to the nature of this project (developing an existing product idea according to an initial 

request by a client), adaption of the design thinking method and redefining the purpose of it to 

better suit the limited design space was required. In this project, the authors personalized and 

applied parts of this iterative design thinking process with emphasis on becoming aware of 

people’s needs and developing insights to potential user experiences. 

The way Design Thinking was applied to the creative process in this project can be described in 

three stages, as mentioned by Prof. Dr. Larry Leifer (lecture at HSLU, 04-02-2014), Director of 

the Center for Design Research at Stanford University; the first being Perspective – taking a step 

back to see the problem area in a broader context, and “zooming in” to a user’s point of view. 

Here, the authors attempted to discover a wider view in terms of what was sought after to find a 

fitting design strategy. The need finding method was applied in this stage to prototype the 

experience and to challenge assumptions. This stage was crucial in defining the project scope, 

goals and delimitations, as well as defining a first draft of requirements specifications. 

The second stage was Opportunity – the stage where the problem, project outline and the needs to 

be fulfilled were defined and a deeper research and design phase could be investigated. Here, 

explorations were made from the given design space, to the broader innovation space (Figure 3). 

The innovative potential was explored and compared to the requirements specification, which 

then could be consequently altered and redefined in compliance with TE (see section 3.2 

Functionality analysis). 
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Figure 3: Innovation space explorations 

The third stage, Solution, was where the actual development and manufacturing process started. 

Here, the insights from need finding and the creative space exploration were applied to 

manufacturing technology and material possibilities and limitations. Again, an iterative process, 

where the requirements specification was revisited and revised to create an applicable base for 

solution that would ultimately lead to the final result. 

These three stages can be generalised to represent (in chronological order) science, design and 

engineering respectively.  

2.2 Brainstorming 
Brainstorming is a method to generate ideas and solve problems. This method can be used in 

groups or individually. During a brainstorming session in a group, all ideas are welcomed and 

group members should avoid criticizing or rewarding ideas until the evaluation at the end of the 

session (Mind Tools, 2014). This conventional method was used more than once during the 

project. Since a product idea was already given, brainstorming was used for functionality analysis, 

selection of components, placement of components and suggestions regarding construction and 

design. 

2.3 Prototyping 
In some industries a prototype is defined as a highly resolved, close-to-launch product. A more 

typical definition within design and product development is that a prototype is an initial model 

thought of as a "learning tool" which can occur at various levels of fidelity. Therefore, 

prototyping can be used at any stage in the design process, such as a basis for evaluation, as a 

creative tool and for communication (Coughlan, et al., 2007).  

A first prototype of the product idea was made to communicate main function and form, in 

order to evolve ideas and potential solutions. 

This method was also used simultaneously with Design Thinking to explore the innovation space 

through interviews and user interaction with physical forms. By using this method and transiting 

from abstract ideas, specifications and theories to tangible and experiential prototypes, it was 

possible to get feedback from potential users in an early phase of the project. 
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2.4 Testing 
Two qualitative tests were performed during this project; one to investigate the sound quality of 

speaker alternatives, and another to evaluate possible sound reproduction. Through testing, 

theories and conceptual results can be compared to real conditions and environments. In this 

project, testing was crucial to keep the sound design, and subsequently construction, close to the 

required user experience by subjecting the authors to it directly. 

2.5 CAD modelling 
CAD is an acronym for computer-aided design, which is a system that enables engineers and 

designers to create realistic two- or three-dimensional (2D or 3D) models, among other fields of 

application. CAD has made it possible to create almost everything from screws to buildings in a 

digital environment. 

This method is used mainly for creation of solids, surfaces and 2D drawings, but is also used 

throughout the design and engineering process, e.g. for strength and dynamic analysis of 

assemblies (Siemens, 2014).  

Considering that Teenage Engineering uses SolidWorks as the main CAD software tool, the 

authors were encouraged to learn how to manage it for easier exchange of information. 

Therefore, SolidWorks was chosen and used as a software tool to attain valuable and realistic 

information from aspects of visualization, construction and manufacturing.  

KeyShot was used as software for rendering of the CAD models for a more photo-realistic 

representation of the material. 

2.6 Pugh matrix 
A quantitative technique based on qualitative and quantitative criteria, proven effective to 

evaluate possible options to a course of action and for making decisions. In essence, there are six 

steps to complete the method. First of all there has to be an issue to state and a selection of 

alternatives to compare, followed by development and choice of criteria for comparison. Next 

step is to weight the criteria to indicate which of the criteria is more or less important, followed 

by evaluation of the alternatives. One concept is used as reference when other concepts are being 

compared to it. Each concept being evaluated is marked for each criterion as worse than, 

equivalent to or better than the reference. The last step is to compute the weighted total and 

decide what to do next (G Ullman, 2010a). 
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Figure 4: Six steps of the Pugh matrix method 

Based on experience, the Pugh method was most suitable for this kind of evaluation. Since this is 

an iterative method, concepts were compared and evaluated three times with different concepts 

as references, to validate a reliable outcome. 

2.7 Design for Assembly 
A product consisting of many components leads to prolonged assembly time, which can be 

costly. Design for assembly is a method used to measure the ease with which a product can be 

assembled. By increasing the assembly efficiency of a design, the costs can be noticeably reduced 

(G Ullman, 2010b).  

This method allowed evaluation of the initial design with focus on components; mainly to reduce 

the number of components and to explore function enhancements. A calculation of 

improvement potential was made to rate the product for eventual redesign. 
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3. Research 
Based on the initial requirements specification, a thorough and wide research was made. As a 

price breakdown was required in an early phase of the project, preliminary component choices 

and suggestions had to be made. 

3.1 Need finding through user prototyping 
The Design Thinking methodology was used in an early phase of the project, simultaneously with 

concept prototyping to explore the innovation space through interviews and user interaction with 

physical forms. 

Six prototypes numbered 0 to 5 were presented to various people to observe the reactions and 

discuss form and functionality preferences (0 being the original reference design). All prototypes 

were based on a pyramidal form, with slight variations in size and geometrical structure. 

Ten unconnected individuals were asked to participate as test persons for qualitative interviews 

and prototype experiments. Their impartiality was assured by choosing random persons in the 

age span of interest (15-35 years) in and around the KTH University in Stockholm, Sweden. All 

the tests were performed during one day (08-04-2014). 

The purpose of the user prototyping was to bridge the gap between the product and the potential 

users, by cross-checking the still dynamic requirements. Since the design method was an iterative 

process, the information gained with user prototyping was used for refining the requirements 

specifications, as well as the initially stated desired form and functionality.  

A loose hypothesis stated prior to the tests was that “No one buys ‘just a music player’”. The 

objective was to find specific product qualities through previously unspecified user needs. The 

key insight sought after with this method was on how potential users react to and interact with 

the presented concept. 

The tests were not driven by questions, in the sense that questions were only asked as an 

inspiration for the test person to elaborate on. The test persons were encouraged to interact with 

the prototypes and explore their own requests for a musical experience based on the given form. 

Examples on the questions asked:  

 How do you want to listen to music? 

 How would you interact with this shape? 

 Is sound of form more important? 

 What could make the experience of music physical again? 

 Your requirements for emotional attachment? 

 Social aspects of music? 
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Prototypes:  

The prototypes were made with white cardboard paper, and were interlined with pieces of steel 

and plastic filler for realistic weight. 

 

Figure 5: Form prototypes for need finding 

Quote samples:  

“It looks like a ‘magic box’… maybe some hidden functions?” 

“I would pay more if it was an exclusive collector’s item” 

“I need good sound, could it play surround sound?” 

“Form before sound quality” 

“I like the symmetry” 

“I don’t want any buttons. It would be cool with touch functions or voice activation” 

“I would like to have a head phone jack in case I don’t want to disturb anyone” 

“How would it sound if I spin it?” 

“I want to hit it!” 

Key insights:  

The fact that many test persons interacted with the prototypes in a physical way, by throwing 

them around, knocking on the different sides and spinning them in their hands or on the table, 

indicated that the product had to be robust. An appealing form and unique features were of vital 

significance if the product was intended as a collector's item with emotional value. As perception 

and points of view varied, a compilation of desired functions and features was made. 
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Desired functions and features 

 Test 
person 

Appealing 
Form 

Hi-Fi Portability Line-out 
Simplified 
interface 

Standard 
interface 

Emotional 
Value 

1 X 
   

X 
  

2 
 

X 
  

X 
  

3 X 
   

X 
 

X 

4 
 

X X X 
  

X 

5 X X X X 
  

X 

6 X 
 

X 
  

X X 

7 
 

X 
 

X 
 

X 
 

8 X 
 

X 
  

X 
 

9 X 
   

X 
 

X 

10 X X X 
 

X 
 

X 

Total 7 5 5 3 5 3 6 

Table 1: A compilation of user needs, translated to product qualities 

“Appealing form” referred to the importance of visual and physical characteristics, which in this 

case was the most desired feature. Hi-fi referred to high-quality reproduction of sound, whereas 

lo-fi refers to lower quality than the standard for modern music. Portability was of significance, 

since many users want to share their music with others, whether they are going to the beach or to 

a friend’s house. A line-out to connect headphones or other speakers was not as important as a 

product having an emotional value, which is usually gained when a bond is created between the 

user and anything related to the product. Simplified interface was more desirable than the 

standard interface. A simplified interface could be generalised to include: next track, off/on, and 

volume functions, while a standard interface usually includes functions such as: previous track, 

next track, pause/play, off/on, hold and volume. 

3.2 Functionality analysis 
A first step in the research process was to develop a research question and to gather information 

for a functionality analysis. As information was gathered, a flowchart was developed to break 

down the boundaries in order to simplify the broad field of exploration. Three groups were 

created: power supply, sound and storage/protection. The flowchart was used as a basis for 

investigation of functions and components that would be implemented to offer the requested 

experience and to increase user-friendliness. The biggest advantage was that it made it easy to go 

back and forth during the research in a systematic manner. 

The arrows in Figure 6 indicate that the boxes are more or less connected and depending on each 

other. Research on the topics in the flowchart was made during an early phase of this project, 

since a proposal of potential components was essential for a price breakdown. 
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Figure 6: Functionality analysis flowchart 

3.3 Components 
To acquire knowledge about relevant components, research based on the functionality analysis 

was made. The topics investigated were power supply, storage, protection and interface. 

3.3.1 Power supply 
Two kinds of power supplies were investigated: external and internal. 

A common external power supply is the AC/DC adapter that converts the mains electricity 

voltage (AC) from the wall outlet into lower voltage DC or AC power, to be compatible with 

electrical devices (Computer hope, 2014). It provides power to battery powered devices and 

devices with no other power source, directly through a separate cord and a plug. One advantage 

of an AC/DC adapter with a power chord is that it will provide power continuously until 

unplugged. On the other hand, it is not as practical and portable as a battery (Energy Star, 2014).  

A battery is an easily transported power supply that converts chemical energy into electrical 

energy. There are disposable and rechargeable batteries which are commonly used as internal 

power supplies. Disposable batteries have low current drain and are often used in smaller, 

portable devices. Rechargeable batteries such as lithium-ion batteries can be reused after they 

have expended their energy. Chargers are used to recharge the battery by applying an external 

current (Schumm, 2013).  

Lithium-ion is today the most promising battery chemistry. Low maintenance, high energy 

density and relatively low self-discharge are few of the advantages the lithium-ion battery offers. 

Some of the downsides are; it requires a protection circuit to maintain voltage and current within 



13 
 

safe limits, it is subject to aging even when not in use and it is expensive to manufacture. The 

lithium polymer batteries are very similar to the lithium-ion batteries; the main difference is in the 

type of electrolyte used. Few of the advantages are that it has a flexible form factor, it is 

lightweight, has a very low profile and has improved safety. The disadvantages are: they are more 

expensive to manufacture, no standard sizes, less battery cycle count and higher cost-to-energy 

ratio than lithium-ion (Battery University, 2014a). Products with similar function normally use a 

700 mAh lithium polymer or lithium ion, and have a playtime of up to nine hours after 

approximately three hours charging time. Choosing battery capacity depends on how long the 

device is required to run (hours). In this case, a minimum of 700 mAh would be sufficient, 

considering the simplicity of functions and interface. 

Three types of chargers were considered; AC/DC adapter chargers, Micro-USB chargers and 

induction chargers. USB has become one of the most widespread and common interfaces for 

electrical devices, not least as a USB bus that charges lithium-ion batteries for portable devices 

(Battery University, 2014b). Micro-USB was considered specifically as the prominent option 

because it is smaller than the mini-USB and has a lifecycle of at least 10.000 connects and 

disconnects, which is nearly two times more than the mini-USB (Difference Between, 2014). It is 

also the charger standard for major manufacturers, which was ensured by the European 

standardization bodies (Engadget, 2010). 

3.3.2 Storage and protection 
How to store and protect the music material from copyright infringement was a primary 

question, as the product was supposed to play a set of exclusively released music tracks. Any 

recording or other transferring of the music material had to be obstructed as far as possible. 

Flash memory is a universal and non-volatile, rewritable and compact, electronic memory. The 

main types of the flash memory are NOR and NAND. The major difference of these two types is 

that NAND is a solution ideal for high capacity data storage, while NOR is mostly used in small 

capacities to store and run code (Micron Technology, 2013) . The multimedia card (MMC) is a 

NAND-based memory that has much smaller capacity than the NOR-based CompactFlash mass 

storage. There is also eMMc "Embedded Multi-Media Controller", which is essentially a flash 

memory and a controller integrated, and is offered in an industry-standard BGA package 

(Datalight, 2014). Ball Grid Array (BGA) is a surface mount technology, which offers greater data 

security (Tech-faq, 2012).  

An advantage of flash based storage is that the memory unit can be mounted directly on a circuit 

board and thereby making it harder to physically remove from the product. 

Assuming that the standard digital audio track with high quality (192-320 kbit/s) requires 5 MB, 

15 tracks would require 75 MB of storage space, and 20 tracks would require 100 MB. Since the 

actual number of tracks was unknown at the time of research, the quantity was estimated to equal 

that of a standard music album. To choose an appropriately sized memory capacity, the required 

space was approximated to 128 MB, which equals to 1.024 Gbit. Given that a safety margin was 

included in the calculations, and that the audio bitrate could be reduced due to the expected lo-fi 

sound reproduction, a required memory capacity of 1 Gbit was found sufficient. 
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3.3.3 Interface 
The interface functions to be implemented were to turn the player on and off, adjust the volume 

and choose the next track. 

The primary alternative was to have two separate switches: one to turn the player off/on and 

control volume, and one to play next track. A potentiometer switch with a click in the full CCW 

direction for off/on would function as the volume control, with a detent at 270° (full CW 

direction). A spring loaded push button switch with a click should send a signal to play the next 

audio track. The push button switch should express that it should be pushed, by having a 

characteristic appearance, as it was the only way for the user to control the audio playback. 

One way to limit the number of components and simplify the interface further, while 

complementing to a unique user experience, was to incorporate the push button switch with the 

potentiometer switch. This way, a multifunction potentiometer switch module could hold all 

required interface functions for input; i.e. an “off/on” from a detent at the full CCW direction, 

rotary control with no steps for “volume” and momentary push for “next”.  

The push function could be emphasised with a concave cap end, to invite to an intuitive reflex to 

push it. This could be accentuated further with a bright signal colour on the cap end. 

 

Figure 7: Multifunction potentiometer switch functions 

After an extensive market research, such a switch was not found as a standard component. 

Switches with both push and rotary functions could be found in potentiometer switches for 

miscellaneous light dimmer use, but none had the required third function of both off/on-switch 

at the full CCW direction and “push-next”. Eventually, after consultation with different 

manufacturers, a matching component was found as a custom made module. The cost was 

approximated to $16.50 per unit at a volume of 1,000 pieces. 

A light-emitting diode (LED) was investigated as product feedback system for the user, to 

indicate if the product is turned on or off, discharged, charging or fully charged. LED exists in 

various colours and can be managed to emit light with high switching rates. 
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3.4 Speaker tests 
Two types of speakers were tested in three different configurations, one mono and two different 

stereo arrangements. 

The speakers used were: 

Model, manufacturer 
Size [mm] Impedance 

[Ω] 
Freq. range 

[Hz] 

Input power [W] 

Dia. Hgt. Nom. Max. 

RH-28-EMNL, Regal 
Electronics 

28 6.5 8 300-20K 1.0 1.5 

K50-80Ω, Visaton 50 17 8 250-10K 2.0 3.0 

Table 2: Speaker test 

The 1W speaker (RH-28-EMNL) has been used previously by Teenage Engineering in other 

products. The 2W broadband speaker was chosen because of its wide frequency range combined 

with relatively small dimensions. 

An advantage of the 2W Visaton speaker was its IP65 protection classification. However, it 

applied only to the Mylar diaphragm of the speaker, so the speaker would still need to be isolated 

around the diaphragm to also protect the back of the speaker from dust and moisture. 

 

Figure 8: Speaker enclosure for tests 

The speakers were enclosed in a cubic box, which was made of laser cut particle board (Figure 8). 

The box had a similar internal volume to the end product. Three of the sides were 

interchangeable to allow three different speaker placements (Figure 9). 

 

Figure 9: Speaker placements (top view): mono, narrow stereo and wide stereo 
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Test results, mono: 

 Mono  

1x1W (Regal) 
High treble, no low range  

"Weak", distorts at higher 
volume 

 

1x2W (Visaton) 

Good reproduction, satisfactory 
frequency range 

 

Volume level OK  

Table 3: Test results, mono 

Test results, stereo: 

 

Narrow stereo Wide stereo 

 
 

2x2W (Visaton) 

Good spread 
Good spread, audible from a 

distance (>2 m radius) 

Barely noticeable stereo effect 
Wide stereo effect, difficult to listen 

to within 1 m radius 

 

Very good volume level at two 
thirds of maximum, OK in lower 

Volume level OK 

Table 4: Test results, stereo 

The 1W speaker (RH-28-EMNL) did not deliver adequate results in the mono test, which is why 

it was excluded from the stereo tests. 

3.5 Acoustic tests 
Qualitative tests were performed to evaluate the sound reproduction and analyse how the design 

and internal structure could be altered to improve the sound quality to better suit the music 

material. The actual sound files that were to be used in the final product were not available at the 

time for the tests, so similar music from the same artist was used instead. 

A pyramidal sheet metal prototype was used for the tests, since the unconventional shape could 

imply different acoustical properties compared to a standard rectangular cuboid shaped speaker 

enclosure. According to Lennart Karlén (Personal interview, 17-04-2014), civil engineer and 

acoustician at ACAD, the pyramidal shape could be an advantage, because the lack of parallel 

planes allows internal acoustic reflections without cabinet resonance. 

The first test, “Test 1”, included a sealed speaker enclosure with a perforated front. The second 

test, “Test 2”, also had sealed corners and edges as well as a laser cut acrylic baffle in which the 

speaker was mounted. Different baffles were cut out with holes of different sizes, combined with 

tubes of different lengths to simulate a simple bass reflex effect. 
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Figure 10: Acrylic baffles with different hole diameters 

The first test used the initial prototype as reference for sound comparison. The same housing was 

used, but with sealed edges and corners. 

Test results, Test 1 

 

Reference: Prototype 1 

Test 1: Prototype 1 + Sealed edges and corners  

Results: More muffled sound 

 
More well-directed (Distinct sound source) 

 
Somewhat more bass/lower frequency 

 
Treble sounds somewhat reduced 

Table 5: Acoustics test 1 – sound reproduction 

The second test used the same configuration as Test 1, but with different baffles added to 

investigate the effect of various hole diameters and the addition of tubes of different lengths. 

Test results, Test 2 

  

Length [mm] 

    0 20 50 100 

  
D

ia
m

et
er

 [
m

m
] 

5 
hardly noticeable 

difference 
slight improvement slight improvement slight improvement 

8 
slightly muffled, bigger 

sound, mid up (strings & 
woodwinds) 

good, mid and low 
range up 

reduced treble, 
good low and mid-

range 

reduced treble, good 
low and mid-range 

12 
good, slightly boxy, 
but pleasant reverb 

effect 

very good, better 
low range and mid 

treble range down, 
low range up 

less boxy, low range 
up 

18,5 
muffled, hollow, 

boxy 
boxy, wide freq. 

range 
big sound, boxy 

(too) big sound, more bass, 
slightly less treble 

Table 6: Acoustics test 2 – sound reproduction 
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3.6 Price breakdown 
A preliminary estimation of the costs of all components to be included was made based on 

inquiries from local and global manufacturers, as well as market research to provide a base for 

decision on the quantity that would be produced. To allow a safety margin, the prices listed 

below (table 7) were based on a lower production series of 100 units. Where component costs 

were found approximated to a price range, the higher value in the range was chosen for analysis. 

Component Cost per unit (USD) 

2W broadband speaker 2.40 

1Gbit NAND Flash memory IC 4.20 

Li-ion battery, 3.7V, 700mAh 2.50 

Micro-USB cable 1.00 

Micro-USB charging board incl. socket 4.00 

Push button switch 2.00 

Potentiometer switch 3.50 

Light diode 0.50 

Circuit board 15.00 

Metal housing 10.00 

Rubber feet 3.00 

Cables 2.00 

Packaging 5.00 

Internal construction (plastic) 8.00 

Supplier margin +10% 

NRE +10% 

Total  ≈ $70 

Table 7: First price breakdown 

The final retail price of the product would also include a supplier margin and additional 

production costs. These costs would vary depending on the number of units produced. The 

breakdown made in this project would provide an initial basis for decision on the final 

manufactured volume. If a larger production volume (>1,000 units) was to be preferred, the price 

per unit would be lower; but upfront starting costs for e.g. injection moulding tools and space 

requirements would arise (Schneider, 2011). From experience it is known that although 

production speed per unit can be increased significantly by mass production, the product quality 

may be affected negatively. 

Costs for assembly were also to be considered for further production. A low volume (<1,000 

units) could be manufactured locally or in-house and thus reduce transportation costs. For higher 

volumes, the cost of labour per unit is lowered, but transportation costs need to be added to the 

comparison. By outsourcing the manufacturing, the labour cost can be lowered additionally by 

localising the manufacturing to countries with lower worker salaries and better space and 

resource opportunities. 
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As DFA was applied as a method to the design process (see section 4), assembly of the product 

was facilitated for both low and high volume production, with the aim to lower the production 

time and secure higher quality and product robustness. 

Essentially, a higher manufactured volume would lead to a lower unit price, while a lower volume 

would reduce upfront starting costs. 
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4. Construction and design 
The initial design proposition was evaluated with focus on manufacturability and the ease with 

which the product could be assembled to explore potential improvement possibilities. Also, a 

reduced number of components could allow for reduced costs by allowing simpler manufacturing 

and assembly, as well as providing a more robust design by using fewer separate components. 

First, the actual number of components was listed and summarised. Some components included 

in this analysis were listed as sub-assemblies, such as the circuit board, speaker and memory card; 

which would be manufactured and assembled separately before being incorporated with the other 

components. 

Actual number of components:  

 Front (sheet metal housing) 

 Back (sheet metal housing) 

 Push button “Next” 

 Potentiometer switch “On/Off/Volume” 

 Line out (3.5mm jack socket) 

 Fastening elements: 6 screws 

 Circuit board 

 SD-memory card 

 Speaker 

 Rubber feet x4 

 Baffle 

 Cable (power cord) 

Σ = 12 

Theoretical minimum number of components: 

 Front (sheet metal housing) 

 Back (sheet metal housing) 

 Multifunction potentiometer switch “On/Off/Volume/Next” 

 Circuit board 

 Speaker 

 Baffle 

Σ = 6 

When calculating the theoretical minimum of components, only those components that were 

essential for the product and could not be integrated with existing components were left in. The 

rubber feet for instance, could theoretically be replaced by mechanically stamped dents in the 

sheet metal. Screws could be eliminated, leaving the construction to be assembled with snap 

functions and glue. 
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Improvement potential: 

To evaluate the initial product design, the improvement potential was calculated to rate the 

product and its design potential. 

                       
(
                
          

) (
                   
                    )

                           
 [1] 

                       
    

  
         [2] 

According to D.G. Ullman (2010, p.334), the initial design was fair, but it would need redesigning 

to reduce the number of components. 

4.1 Sheet metal housing 
One of the initial requirements was that the product would have sheet metal housing. Therefore, 

a brainstorming session was initiated for suggestions regarding housing construction. A plentiful 

of ideas were discussed, from which four (I-IV) were chosen for further evaluation. Concept V 

and VI, as shown in Figure 11, were considered as alternatives that would incorporate plastic 

parts for larger quantities. 

Concept I, II, III and IV would be made of sheet metal, to be processed and assembled to form a 

pyramidal housing. The dashed lines illustrate the bend axes where bending would occur. 

 

Figure 11: Sheet metal and plastic construction alternatives I-VI 
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The four different alternatives were compared by the following criteria: ease of assembly, 

manufacturability, sealing potential, aesthetics, design versatility and number of fastening 

elements needed. The ease of assembly was discovered as an important criterion through the first 

prototype, based on concept I, where assembly and component mounting was very difficult due 

to the sharp internal angles within the structure and the lack of space for any manual assembly. 

The manufacturability was crucial, and was defined as the ease with which the separate parts 

could be produced, and if they needed special tools or processes. For acoustic reasons, the 

construction needed to be as well-sealed as possible, but would also need to fulfil aesthetic 

qualities. At this stage, when interface and component placement was not yet fully determined, 

the construction would also need to allow design versatility. This meant that there still had to be 

space on the housing for design changes such as labelling and switch placement. As the DFA 

analysis in section 4 implied, the number of fastening elements could be an efficient way to 

reduce the number of separate components, as well as simplifying assembly. 

These criteria were used in a Pugh matrix (see Appendix I) to evaluate the concepts accordingly. 

After close deliberation, each concept was marked for each criterion as worse than, equivalent to, 

or better than the reference. To validate a robust outcome, three iterations of the process were 

made; still, concept II and concept IV were equally ranked as concepts to proceed with. 

However, concept II was chosen as the concept for further development due to preferred visual 

appearance, as bending occurs only on one side of the perforated area. Even though edge flanges 

would be essential on all sides of the perforated area, they would barely affect the aesthetics, as 

the edge flanges would be covered by the other part.  Subsequently, concept II was further 

developed in to two alternatives (see Figure 12) with different assembly features. The main 

difference was the placement of the edge flanges, for the purpose of achieving the best sealing. 

These two alternatives were used as a base for dialogue with manufacturers regarding potential 

modifications and feasibility.  

 

Figure 12: Sheet metal construction alternatives A and B 
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After close examination, alternative B was selected to proceed with due to some benefits. 

Considering that the circuit board would be mounted parallelly to the sheet metal interface wall, 

the edge flange on the backside of the perforated part in alternative A could interfere with the 

circuit board assembly and cause displacement. Another benefit was that two screws by the rear 

bottom edge are more aesthetically pleasing than one screw on each side.  

 

Figure 13: Screw post (profile view) 

To fasten the circuit board to the sheet metal, screw posts were considered as fasteners that 

would be stud welded to the inside of the sheet metal housing. Stud welding is a fastening 

solution that has advantages such as: no reverse marking, no holes, fast attachment and access 

only being required from one side (Taylor Studwelding Systems Limited, 2013).  

4.2 Internal construction 
Independently of which sheet metal housing construction that would be chosen, the inside of the 

product needed to be designed for the chosen internal components.  

4.2.1 Component placement 
The components that needed to be mounted inside the structure were: 

 Speaker element 

 Baffle 

 Circuit board 

 Potentiometer switch 

 Push button switch 

 Light emitting diode 

 Micro-USB jack 

 Battery 

As the DFA analysis implied (see section 4), the number of separate components could and 

should be minimized. One way of doing so was to confine the potentiometer switch, push button 

switch, light emitting diode, Micro-USB jack and battery to the circuit board by using PCB 

mounted alternatives only. A potentiometer switch that would also have a panel mounting option 

could provide a fastening point between the circuit board and the sheet metal housing. However, 

the push button switch and Micro-USB socket would be subjected to forces normal to the PCB 

surface at a small, but relevant distance from the panel mount of the potentiometer switch, which 

could imply undesirable stress on the circuit board. This was solved by adding two screw posts 
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on the inside of the housing (see section 4.1 and Figure 13), on either side of the potentiometer 

switch, and fastening the circuit board with two screws, thus adding additional support and 

equilibrium to the structure. 

The speaker was attached to the baffle by combining press fitting and glue. The baffle mounted 

on the inside of the perforated side of the housing, was likewise attached with glue from the 

back. Cables were used to connect the speaker to the circuit board. 

Decisions regarding the placement of the PCB mounted components that would be visible from 

the outside were based on aesthetic intuition. In order to observe and be inspired, illustrations 

(see Figure 14) were made to illustrate various design interfaces. The red circle illustrates a push 

button switch, the orange circle a potentiometer switch. Other features include a Micro-USB jack 

and a light emitting diode. The product interface options were evaluated and a conclusion was 

made. As the vertical distance between the switches in the top-left figure increased, the push 

button became more evident as the main function switch, which was preferred from aspects of 

aesthetics and user-friendliness.  

 

Figure 14: Interface placement alternatives 

Partly based on the previous conclusion, a layout design for the circuit board was made. A 

custom made shape would allow the PCB to be mounted parallelly to the inside of the interface 

side of the housing, rather than having a circuit board fastening platform on the base. 
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Figure 15: Circuit board layout 

4.2.2 Acoustic measures 
A plastic baffle was added for a higher perceived sound pressure, eliminating acoustic short 

circuiting, by preventing interference between the forward and rear sound waves around the 

speaker, as confirmed by Lennart Karlén (personal interview, 17-04-2014), civil engineer and 

acoustician at ACAD.  

The baffle should have a circular hole with a diameter of 12 mm, or a 10 mm internal hole in a  

50 mm long circular tube to enhance the mid-range frequencies, based on the results from the 

acoustic tests. 

The acoustic test showed that complete sealing enhanced the sound reproduction by preventing 

unwanted leakage of the internal sound waves. However, the housing did not need to be 

completely airtight, as hi-fi sound reproduction was neither possible nor required anyway. To 

design the sheet metal housing to be as well sealed as possible would be a sufficient solution for 

the acoustic quality of the product. 

4.3 Materials and manufacturing 

4.3.1 Sheet metal: 
Three types of metals were considered as material options for the sheet metal housing; carbon 

steel, stainless steel and aluminium. 

One of the most common materials in the world is steel, which is an iron and carbon alloy. What 

makes steel so unique is the combination of formability, versatility, strength, availability and 

affordability, and yet, it is 100 percent recyclable without loss of material properties (Zhang & 

Basson, 2012). There are over 3,500 types of steel for different purposes but only two common 

types were investigated, carbon steel and stainless steel (World Steel Association, 2014). Paint or 
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other coatings can be used to protect the carbon steel from rust. Stainless steel is more corrosion 

resistant, but it is also more expensive than the carbon steel (Ullman, 2010a).  

Due to its similar properties to steel, aluminium was also considered as a material option. 

Strength, lightweight, recyclability, formability, durability and resistance to corrosion are some of 

the properties that make aluminium a valuable material. Aluminium is also 100 percent recyclable 

but is generally more expensive than steel (Matalco Inc., 2014). 

Several manufacturing processes were explored with emphasis on manufacturing feasibility of the 

desired pyramidal form. A combination of a cutting process and a bending process was essential 

in aspects of aesthetics and assembly. 

As one of the parts of the housing had two almost intersecting lines for bending the top corner 

of the pyramid (see top part of Figure 12 B), it would be impossible to bend and achieve the 

desired result without changing the design completely, or producing special bending tools (which 

would be much more expensive than using a standard press brake). It was suggested by one 

manufacturer that the slant edges could be perforated in order to achieve the desired result. 

Consequently, this would affect both the aesthetics and the sound reproduction negatively, as the 

pyramidal box would have open edges. 

Laser cutting is used to cut or engrave materials by using a laser beam. It is a very precise method 

with a minimum cut size slit reaching 0.1524 mm (Hahn & Szczesniak, 2009a), which is used for 

cutting a variety of things; from simple vector engravings, to industrially cut thick metals 

(Stanford University, 2014c). Laser cutters work well with most materials and are best suited to 

cut flat sheets that are not thicker than 10.16 mm (Thomasnet, 2014a). Due to the possibility to 

cut with varying depths, laser cutting was considered to simplify bending by making shallow slits 

on the slanted edges without cutting through the sheet metal. 

Water jet cutting uses pressurized water to cut material and works well with even more materials 

than laser cutting. Abrasives are often added to increase cutting ability. It is not as precise as laser 

cutting; with a minimum size of cutting slit reaching 0.508 mm. Materials that range in thickness 

between 10.16 mm and 50.8 mm would benefit from water jet cutting, although less or more is 

possible (Thomasnet, 2014b). Water jet cutting was considered for its environmental friendliness 

and lack of thermal deformation in the cut part (Krajcarz, 2013). Speed and thickness are two key 

factors that differentiate these two processes. Water jet cutters often have speed disadvantage 

compared to laser cutters. On the contrary, they can cut through significantly thicker materials 

and alternative materials (Hahn & Szczesniak, 2009b).  

As for perforation, hexagonal holes cut with laser are more expensive than circular holes due to 

the many corners. The machine needs to stop or slow down in sharp corners and re-accelerate to 

change direction, leading to longer processing time (Steen, 2003), heat-affected zones (HAZ) and 

oxidation (Yilbas, et al., 2009). The fewer the number of strokes (i.e. separate vectors for the laser 

beam to follow continuously), the better the design is in terms of processing time and costs. 

Apart from the risk of HAZ and oxidation in corners, similar increase in processing time arise 

with the use of water jet cutting instead of laser cutting. A perforation with less closed paths 

would be much more suitable for laser and water cutting than a hole pattern. 

Mechanical punching is a common shearing process, which is used to produce holes and cut-outs 

of various shapes and sizes. The process requires a punch, punch press, sheet metal and die. 
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Punches and dies are usually standard to cut-out the most common geometric shapes (square, 

circle, rectangle etc.), but custom tooling can be made (Custompart, 2014). Initial die and 

equipment costs are usually high, but labour costs are low (Kalpakjian & Schmid, 2008).  

4.3.2 Baffle 
ABS plastic was considered as material for the baffle due to good combination of mechanical and 

chemical properties, to a fairly low cost. ABS is usually used in consumer electronics products 

(Plastkemiforetagen, 1997).  

High impact polystyrene (HIPS) was also considered as an alternative, as it is specified for low 

strength structural applications, housings, covers and others. Advantages of HIPS include 

excellent machinability, excellent aesthetic quality, easy to paint and glue, and a low cost (Plastics 

International, 2014). 

PVC plastic was also considered for the purpose. It is an odourless and solid plastic that is 

lightweight, easy to mould and has a low production cost. It is used in the construction industry, 

healthcare industry and in common consumer products such as toys, plastic bags and more. A 

drawback is that it is sometimes referred to as the "Poison Plastic" due to the released toxins that 

have been linked to health problems. Toxins are usually released during manufacturing, when 

melted, or as plastic waste in landfills (Johnson, 2014). 

A manufacturing process had to be chosen for the internal baffle. To fit in the pyramidal 

housing, the baffle had to be triangular with a circular hole in the centre, where the speaker 

would be attached to utilize the acoustic qualities of the speaker.  

Thus, three alternatives were considered. Two alternatives were to use a water jet cutter or a laser 

cutter to cut plastic sheets into the desired shape. These are relatively inexpensive methods for 

smaller quantities (less than 1,000), since the initial costs are insignificant but the per-piece cost is 

rather unchangeable irrespective of quantity, due to a cost based on the time it takes to cut the 

parts (Pololu Robotics & Electronics, 2014). One disadvantage was the inevitable material waste 

due the shape of the baffle. Another disadvantage for laser cutting specifically is the release of 

toxic fumes during the cutting process. The third alternative was to use an injection moulding 

process to form the desired detail with barely any waste of material. This process is most 

beneficial and suitable for producing large quantities (more than 10,000), considering a great 

initial tooling cost and low per-piece cost. However, this process was still investigated due to 

environmental aspects and for cost comparison. 

4.3.3 Environmental aspects 
Water jet cutting is environmentally friendly, as long as the material being machined is not 

hazardous. As the spent abrasive is inert, excess water can be drained to the sewer. In some areas, 

a "closed loop" water recycling system is required when machining lead or other hazardous 

materials are used. The environmental impact the occasional hazardous machining have is 

relatively low due to the small amount of metal that is removed in the process. Considering the 

amount of electricity the high-pressure stream pumps use, there is certainly an environmental 

(and economical) impact (Waterjets, 2014). 

Laser cutting is also considered environmentally friendly since it is essentially noiseless and 

material wastage is minimal due to the minimum cut size. Plastic materials tend to produce fumes 
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than can be toxic when melted by the laser beam, but these can be restricted from the operator 

and the environment by efficient ventilation (Ion, 2005). Compared to other cutting processes, 

laser cutting involves high power consumption since a lot of energy is required to keep the laser 

cutter running. 

Injection moulding is a process with minimal environmental impact; the scrap created in the 

process is insignificant. However, it is of vital importance that the final product is designed for 

recycling since plastic has a very slow biodegradation. The final product should if possible consist 

of one type of material to simplify the recycling process (Ullman, 2010b). 

Considering the influence the product design has on environmental friendliness, reducing 

material waste and minimizing the amount of parts was taken into account during the 

construction phase. 
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5. Results 

5.1 Updated requirements specification 

5.1.1 Functional requirements 

5.1.1.1 Audio 

 One speaker for monaural sound reproduction 

 The sound reproduction should be adapted to the designated music material 

 The product housing should be sealed as well as possible to improve the acoustic qualities 

of the product housing 

 The audio playback always starts from the first audio track. The audio tracks are then 

played successively unless next track is chosen manually. The full audio material is 

repeated until the music player is turned off or the battery is discharged 

5.1.1.2 Interface 

 One multifunction potentiometer switch with click off/on and volume adjustment and a 

momentary push function for selecting the next audio track 

 Or, if aforementioned multifunction switch were to be too costly, two separate switches; 

one potentiometer switch with click off/on an volume adjustment and one push button 

switch to select the next audio track 

5.1.1.3 Feedback 

 When the music player is switched on, audio playback starts instantaneously 

 Light diode indicates power on. When battery is discharged, audio playback is not 

possible, thus indicating need for battery charge 

 Light diode signals charging mode with continuous blinking 

 When battery is fully charged, light diode emits constant signal in alternative colour 

5.1.2 Non-functional requirements 

5.1.2.1 Quality requirements 

 Usability: the product should be simple and intuitive enough to use without instructions 

 Reliability: the product must be sufficiently robust to withstand normal use both indoors 

and outdoors (in mild weather conditions) 

 Security: it should not be possible to access or in any way manipulate the audio data 

 Service and guarantee: all electronic components should be tested prior to assembly to 

reduce risk of failure and need for service 

5.1.3 Additional requirements 

 Portability: the product should have a battery time of at least six hours 
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5.2 Function and components 
The main function of the product was to play a set of predefined music tracks and allow the user 

to adjust the volume and to choose the next track. 

For the music player to be portable, it needed a battery as a power source. A rechargeable 3.7 V 

lithium-ion battery with a capacity of at least 700 mAh was recommended along with a Micro-

USB connection for charging. A separate cable and adapter would be needed for charging 

through a computer source or wall outlet. 

The recommended storage of the audio files was a 1 Gbit flash drive IC mounted on the circuit 

board (for intellectual property protection). The circuit board would also include the 

aforementioned battery, a light emitting diode for user feedback, a Micro-USB socket for 

charging, and PCB mounted interface controls. 

The optimal placement of the circuit board was on the back wall of the product housing; the 

perforated “speaker side” being the front. The reason was to minimise the use of cables by 

having most components PCB mounted, as this would simplify the assembly process. To fasten 

the circuit board to the sheet metal housing, two screw posts for 3 mm screws were 

recommended to be stud welded to the inside of the product. This solution would leave no 

marks on the outside of the product, but add support and space for components between the 

circuit board and the housing. 

The best speaker element for the task was proven to be an 8Ω, 2W broadband speaker with a 

frequency range between 250 and 10,000 Hz. 

The interface would consist of a light emitting diode for user feedback and two switches; one 

potentiometer switch with a click-off/on function at the extreme CCW direction and then 

volume control up to maximum with a detent at 270° (full CW direction), and one push button 

switch to select the next music track. 

A more costly interface option was to combine the two switches above to one multifunctional 

potentiometer switch with push functionality. This alternative increased the costs but could add 

to a unique user experience. 

5.3 Manufacturing 
The product housing was decided to be manufactured from carbon steel sheet metal with a 

thickness of 0.7 mm. For a low volume, the housing would be constructed from two separate 

pieces (see Figure 16), both laser cut and then bent with a press brake, except the two vertically 

slanted edges on the back of the product. These had to intersect in the top corner to form the 

edges of the pyramid’s three sides, which meant that a press brake could not fit to bend both 

edges. To meet the acoustical requirements (keeping the housing as well-sealed as possible), the 

bending would have to be made manually after a shallow slit had been laser cut along the 

problematic edges from the inside. The two pieces would then, after internal components have 

been assembled and mounted, be joined together with six countersunk M3x6 screws; two on each 

side of the perforated front, and two on the back side of the base. To add stability and increase 

friction, standardised rubber feet are suggested to be fixed to the base with double sided tape. 
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Figure 16: Sheet metal housing 

5.4 Design 
The music player had a pyramidal shape with a perforated speaker front, clean sides and switches, 

charging input and a small (1 mm) hole for a light emitting diode. The sheet metal housing had a 

discrete matte or satin finish black colour coating. The push button had a bright coloured cap 

end, while the potentiometer switch had a black knob to match the product housing. In the case 

of a combined multifunction potentiometer switch with push function, the knob was 

recommended to be black except for a concave end in an accentuating colour. 

 

Figure 17: Interface alternatives 

The perforation consisted of a symmetrically placed honeycomb pattern with hexagonal holes 

(see Figure 18). Through the holes, the speaker element and surrounding plastic baffle was 

partially visible. To lower costs and simplify manufacturing, the plastic could be coloured in 

standard black or anthracite grey with a discrete matte finish. 
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Figure 18: Hexagonal perforation 

To reduce the manufacturing costs of the perforated sheet metal part, the hole pattern can be 

revised to one of the recommended alternatives below, D being the cheapest. 

 

Figure 19: Perforation alternatives 

5.5 Sound 
The experienced sound pressure was noticeably increased when the speaker was enclosed in a 

plastic baffle that was mounted from the inside to the perforated front of the music player. To 

further optimise the sound reproduction for the intended music style, the low- and mid-range 

frequencies could be accentuated more by adding a simplified bass reflex on the baffle. The 

plastic baffle could be manufactured either by injection moulding ABS (for higher quantities) or 

water jet cutting from PVC sheets (low quantities). When injection moulding, the inner diameter 



35 
 

of the hole should be 10 mm and extend inwards through a 50 mm tube to reduce treble and 

increase lower frequencies. If the part is cut out from a plastic sheet, a 12 mm hole with no tube 

can suffice as a fair solution to increase the low- and mid-range, and thus improve the 

reproduction of woodwinds and strings in the audio tracks. 

5.6 Cost 
The predicted final cost for a low volume (100 units), including supplier margin and NRE, but 

excluding potential production costs (labour, transport et al), was $83. 

If a multifunction potentiometer switch with push function would be chosen instead of separate 

push button switch and potentiometer switch, the sum would be $96. 

For high volume production (10,000 units), the total cost per unit was estimated to $78, including 

start-up costs for injection moulding tools and test runs. This cost was based on a plastic inner 

structure with sheet metal sides attached to it, according to concept V in Figure 11. 

To produce the same high volume with the construction and design recommended in section 5.3, 

would not differ much from low volume production ($84) due to longer processing time for the 

laser cutting. However, by using a different perforation design (Figure 19 D), or punching the 

front part instead of laser cutting, the cost could be reduced to approximately $62. 

Separate cost estimates for materials and manufacturing can be found in Appendix II.  
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6. Discussion 
First of all, there is a reason why pyramidal shapes are not usually constructed out of sheet metal. 

To develop the music player according to the initial requirements demanded compromises to 

both design and construction. The manufacturing of the sheet metal housing proved to be the 

biggest challenge, as it was not possible to bend the edges mechanically without costly special 

tooling, and without interfering with aesthetics and sound quality. Bending could be made 

manually along the problematic edges by either perforating along the edges, or laser cutting a slit 

for the same purpose. The laser cut option was found to be the most suitable option for both 

acoustic and aesthetic reasons. However, all sharp corners in the design needed revision to reduce 

process time and, subsequently, manufacturing costs. To fasten five separate pieces of sheet 

metal with screws would be a simple solution from an engineering standpoint, but it would 

require more fastening elements and thus interfere with both aesthetics and the ease of assembly. 

Mechanical punching of the sheet metal parts was investigated as an alternative to laser cutting, 

and no negative aspects were found at first. However, since two of the edges would need laser 

cutting anyway, different manufacturing methods for the same part would increase setup time 

and costs for additional handling and potential transport. Therefore, mechanical punching was 

excluded from the final price breakdown 

The user prototyping through need finding method gave interesting insights on how potential 

users would want to interact with a product of this kind. From this method, the choice of 0.7 mm 

common carbon steel sheet metal was confirmed to be the optimal material choice, due to its 

weight and robust feeling. Furthermore, the test persons emphasized the importance of appealing 

form and additional emotional value for a product like this to be desirable. The pyramidal shape 

is unconventional, and should not hide that quality. On the contrary, the special appearance of 

the music player could be mystified further with a unique interface, consisting of only one input 

switch. Such a switch would unfortunately need custom production, and thus be more expensive 

than two or more separate switches, but should still be considered as an option. 

The line-out option was excluded from the final result, mainly to make it more difficult to record 

any of the copyrighted audio material from the music player. Its exclusion also added to the 

overall minimalistic design. 

The plastic baffle around the speaker improved not only the sound reproduction by eliminating 

potential acoustic short circuiting; combined with an IP-marked speaker diaphragm, it provided 

extra protection from dust and moist to the internal components. Indirectly, the baffle also 

lowered the product costs by increasing the experienced audio volume of a small, relatively 

inexpensive speaker to a level comparable with a bigger, more expensive speaker without any 

additional acoustic measures. 

A negative aspect of the baffle was the possibility that it could reflect the sound waves on the 

inside of the product housing, and lead to unwanted internal resonance. This was however 

considered a low risk, since a plastic baffle with matte finish would not reflect the sound more 

than the metal structure itself. To be sure that this problem would not occur, the inside of the 

housing could be filled with a sound absorbent. Weighted to the small risk, the addition of 

expensive absorbing material was not considered necessary, and therefore not included in the 

component analysis. 
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The methodology of this project was chosen with emphasis on the creative process. At first, the 

innovative space seemed limited, as the main functions were already predefined and the design 

outline given by TE, but by allowing the authors to take a step back and gain perspective on the 

problem, a wide range of possibilities was presented. 

Besides the need finding method, Design Thinking gave us the opportunity to be creative with 

few means, thus transforming limitations into new opportunities. Unfortunately, the dynamic 

nature of the process made it difficult to document to its full extent. The laser cutting alternative 

for example, would not have been investigated unless the acoustic tests would not have shown 

the importance of sealing for the sound reproduction. When these tests were made, actual 

components and manufacturing methods had not yet been chosen, so many preliminary choices 

needed to be made during the project. This was manifested especially in the first price 

breakdown, which was mainly intended as a base for decision for the client on how large quantity 

of the product that could be produced. The estimation of component costs needed research on 

different component types, which was made through an extensive market research, but also 

through contact with different manufacturers. In short, the implementation of Design Thinking 

to a product development project of this kind was truly helpful, but difficult to document in an 

empirical manner.  

It is difficult to say how the results of this project would have turned out if a more conventional 

approach would have been used instead of the design thinking method. In our opinion, Design 

Thinking allowed a more intuitive creative process, by systemising the work around “living” 

requirements, meaning that improvements could be made successively during the whole project. 

Many parts of the project were interdependent and needed symbiotic alterations, which would 

have required more decisions in an early stage. Instead, preliminary choices could be made for 

later revision depending on the progress of the correlating factors. 

The DFA analysis for improvement potential would have needed at least one more iteration with 

the new redesign as reference to examine if any actual improvement has been made from an 

assembly standpoint. 

The need finding user tests were performed on a sample group of ten individuals. A larger 

quantity of people could have provided more rigid results, but due to the limited time frame, an 

increase in quantity would imply a decrease in quality. Since this method was chosen for its 

qualitative properties specifically, ten test persons were considered a sufficient sample group. 
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7. Conclusions 
The main functions of the product to be realised have been defined and the components needed 

to fulfil these functions were investigated and chosen. Some of the functions and components are 

presented together with optional alternatives, depending on which volume the product will be 

produced in. 

The pyramidal shape of the product has been preserved, but changes to the construction needed 

to be made. There are different ways of manufacturing the sheet metal housing, but the one 

recommended in this report meet the set requirements for sound reproduction, 

manufacturability, ease of assembly and cost effectiveness. 

Design changes included, besides aesthetical details in the altered housing construction; different 

perforation design and additional alternatives depending on the chosen manufacturing 

technology, and different interface solutions. The most prominent change from the initial design 

was that the product was made portable, with a rechargeable battery as a power source. 

Design Thinking has been used as a method and tool, mainly for the creative process in the 

project. It has legitimised a wider creative space within parts of the project, by allowing the 

authors to examine the problem from a different point of view and to keep normally fixed tools 

such as the requirements specification dynamic and “living” for as long as possible.  

The end product will, as requested, not have high fidelity sound, but the sound reproduction 

presented in this report is the best match for the desired shape, size and cost. The relatively small 

speaker will be able to reproduce most of the audible frequency range at an adequate volume, 

while enhancing the lower mid-range, which is important for the music style that the product has 

been developed for. 
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8. Recommendations 
The product should be finalised according to the findings presented in this report. 

Apart from the acoustic measures recommended in this report, further adaptation of the audio 

can be made in the music studio. To optimise the sound reproduction, the music material can be 

mixed and mastered for the speaker and enclosure used in this music player specifically. Through 

this simple revision, the unwanted high frequencies can be filtered out and the lower mid-range 

can be enhanced for a more natural reproduction of the recorded material. 

If further functionality development based on this product would be of interest, a new direct-to-

fan approach could be made. By including Wi-Fi technology in the product, musicians could 

develop relationships with the fans over time by having direct communication. Music updates, 

messages et cetera, could be sent regularly and directly to the fans to keep them engaged, and 

eventually expand the fan base. It is a way to add additional emotional value to a product and 

make the music experience physical again. Based on information gained from need finding, a 

recommendation regarding interface can be made. A completely hidden interface without 

switches or Micro-USB socket could generate a combination of mystery and minimalism. The 

switches could be replaced with a built-in accelerometer, which could trigger the functions when 

the product is tilted in various directions. Inductive charging could replace charging through USB 

to eliminate all visible inputs and outputs. 

Although these extra modifications would increase the costs greatly, they could offer a new and 

unique music experience, which can be invaluable. 
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