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Product Distribution

Following on in the tradition of DIY audio, my headphone design would be available
in kit format and would include all supporting documents for free.

By involving the user in the assembly process of the product, a stronger link is
made between the consumer and the product (Terzioglu, Brass, & Lockton, 2015).
More importantly, I think that users who have assembled products in kit format are
more likely to attempt repair and hacking of other products.

A completely customizable kit will be offered of these headphones, where customers
only order the parts they need. A leather worker for example, would order all parts
except the headband cover, and perhaps the ear pads, since he has the material and
expertise to make these parts himself. A machinist would order all the parts except
for those he can machine himself like the Yoke and Gimbal parts.

All 3d models, drawings, patterns, circuit diagrams and schematics would be made
freely available, so that anyone who wants to can modify the design to their liking.

By making all the design files open, I hope that the design and particularly
electronics would get developed further by the online community. My electronics
skills have limitations and this is no doubt evident in this project. For example,
the prototype I have built does not have volume control interface, active noise
cancelling or a microphone for taking phone calls. All these features could be
developed further with the help of the online community.

The question of what a designer’s role is with open source projects is an interesting
one. Patents and intellectual property are not applicable in this case. To sustain
the project and my own involvement, I think a realistic approach would be to focus
particularly on the parts that most people cannot easily make themselves.
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Conclusion

Summary of Findings

Consumers today can not evaluate the quality and durability of products based
on the brand or seller, since market logic currently does not align longevity and
repairability with profit. Therefore, motivated consumers consult online resources
for user-made tests and reviews.

Manifold platforms have sprouted that promote and aid repairing of consumer
products. The consumers have gathered in online communities where they share
experiences, teardowns, manuals, hacks, software, firmware and 3d printed
replacement parts.

From a design perspective, it is a promising approach to build a product upon
the knowledge of these communities. The thesis looked at existing products that
promote this approach. They make use of transparency, open information and
modularity.

Headphones were selected as the product category for this thesis. There is an
existing community around DIY audio with an ecosystem of available components.
Research of existing repairable headphones shows that a kit-based approach is
promising, where users assemble the headphones themselves.

The process of assembly gives the users the understanding and knowledge to repair
the headphones later. Also, the kit-based approach makes it easy to replace parts,
with original replacements or even third-party components. While the speaker
drivers of headphones were never easy to recycle, the electronic construction
up until now was relatively simple. The addition of wireless capability and noise
cancelling further complicates the electronics in headphones, adding to the stream
of e-waste.

To respond to that challenge, it was chosen to design wireless, battery powered
headphones which are user repairable to a high extent.
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To further inform the design, an analysis of three existing headphones was carried
out. In order to be repairable and hackable, headphones must: (1) be made from
durable parts; (2) be easy to diagnose by users; (3) use commonly available parts
for replacements, especially where a failure can be foreseen (ex. battery).

The quantitative survey confirms the assumption that consumers expectations of
repairability of headphones is currently low, following the trend in smartphones and
computers. There is a niche of high-end repairable headphones. However, another
approach is to design a product that can raise the expectation of repairability.
Based on the findings of part 2, such a product should be kit-based, reasonably
priced and assembled by the consumer.

Based on the gathered approaches and strategies for repairable consumer
electronics, the final outcome of the thesis is a set of wireless headphones, which
are repairable and hackable: (1) It is based on stock parts and third-party electronic
audio components; (2) The parts housing electronics can stripped down so there
is physical space to modify the interior; (3) It uses proven and common hardware
structures made of durable materials; (4) It is assembled using screws and brass
inserts for repeated disassembly; (5) It comes with all of the supporting documents
necessary for modifications.



Limitations and Possible Improvements

Headphone Analysis

As mentioned previously only 3 headphone models were analysed as part of the
primary research. To get a better sense of the situation concerning repairability
and hacking with mass produced models it would be valuable to have more data.
Throughout the whole project, forums and content sharing websites have been
looked through multiple times for information. This is where people go to share
information with other amateurs and professionals attempting repair. Contacting
users who post repair videos for interviews and comment could be a good way to
expand and gain more meaningful information.

Survey

Although the survey managed to get a decent sample size the insights gained were
not definitive. While a larger sample size may have provided a stronger basis for the
conclusion drawn, the survey was a valuable indicator of the strong link between
desire for repairability and the desire to minimise environmental impact.

Prototype Limitations

Electronics

Most wireless headphones now contain built in microphones and interfaces
allowing control of volume and playback. These would be necessary additions for
any credible alternative to mass produced headphones. This was not a priority in
the project as more time was focused on making the overall product repairable and
hackable. Conversely the prototype could be hacked to have these features. The
components required do not take up much physical space or add much weight to
the product and so do not challenge the repairable nature of the design.

Bluetooth audio receiver modules such as the TinySine Audio board I have used
are now available with on board digital signal processing. Similar to the Hifiberry
Beocreate amplifier discussed on page 48 this would allow detailed tuning of
the headphones sound and would likely draw the same kind of people who are
interested in the Hifiberry project into this one.
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Acoustics

Very little time was spent on developing the sound profile of the prototype.
I considered it better to focus my time elsewhere as the mechanics and overall
design seemed more pressing to the thesis objectives. However, to sell a full kit and
provide useful advice on modifying the sound profile physically, it would be a good
idea to spend some time testing changes that have implications for sound. For
example, different ear pad materials and how the drivers interact with the internal
volume of the cup.

Mechanics

Currently 3 different sizes of machine screw are used in the prototype, this could
probably be reduced to one size with some more refinement of the design. Using
only one size of fixing reduces the number of tools required for users to disassemble
the product and make the process of assembly/disassembly easier.

The removable chassis part (page 110) helps facilitate hacking of most of the
electronics components in the prototype. However, in the current design, the
audio jack input, charger port and button hole are independent of this part and
are mounted directly to the right ear cup. To further enhance the hackability of the
design, I would like to mount these parts in such a way that they could be easily
changed without significant modifications to the housing.

Ideally several prototypes would be constructed to show different ways of making
the same parts and how various materials could be substituted. This would help
communicate the idea that different consumers could approach the product and
kit in different ways.



Discussion

Enzo Mari’s notable Autoprogettazione project from 1974 distributed plans for
simple furniture that could be built with just a few tools and off the shelf timber
sections. The point of his project was not however for people to build all their own
furniture and avoid buying tables and chairs. By engaging people in basic carpentry
and furniture making Mari wanted people to be better able to evaluate quality of
furniture they were buying. He was concerned that manufacturers were producing
sub-standard furniture. (Mari, 1974)

I think the most powerful part of engaging people in assembly, hacking and repair
is to make them more discerning consumers. Enticing more people into the hacking
and open source hardware communities gets people to start questioning why can’t
I remove the battery from this product, why aren’t there spare parts available etc.

The mysticism surrounding consumer electronics needs to be broken down,
manufacturers need to be pushed into designing for repair and providing
documentation that prolongs the lifespan of their products.

I would like to see more and more people getting into repair and I think a good
way to entice people to take part is to provide attractive products in kit format at
a reasonable price. If we are to have a sustainable future with consumer products
everyone needs to be an amateur repairman of some type.

Previous projects on both DIY headphones and other electronics products are
already beginning to get people to ask these questions. I am hopeful that this
project can be an addition to what is already there. I think the bigger the variety of
projects available the more of a chance there is to get people involved.

I hope in the future that change in consumer attitudes will be the main driving
force to demand repairable products. Government regulation is also desirable, and
I think this has already been the catalyst for consumers to question energy usage
and repairability in large home appliances. However, the lifespan of the current
political climate that legislates for repairability is unknown. If repairability and
lifespan can once again become embedded in consumers wants and needs, this will
have a more powerful and possibly longer lasting effect.
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Glossary

ANC - Active Noise Cancelling - Using a microcontroller to add inverse sound waves
to reduce external noise in while wearing headphones.

Bodger - Craftsman who makes chairs using wood not completely dry.

Cooper - Craftsman who makes barrels from wood.

DIY - Do It Yourself

DPDT - Double Pole Double Throw Switch

A type of switch with two isolated poles and two available switching positions.
DSP - Digital signal processing (Audio) optimizing or improving an audio signal for
a specific purpose.

E-waste - Electronic Waste

PACE - Platform for Accelerating the Circular Economy

PCB - Printed Circuit Board

How electronic parts are connected together and mounted in almost all electronic
products.

Pentalobe screws - Tamper resistant security screw common in Apple products
REE - Rare Earth Elements

Materials used in the manufacture of magnets. Vital to modern motors, generators

and speaker drivers.

Sealed uni-body design - Smart product architecture where body of product is
made primarily from one material generally making them difficult to disassemble.
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Figures

All Photographs, Schematics, Drawings and Diagrams are original content
produced by the author unless specified below.

Fig 4: Reddit Screenshot taken 19/04/2020 from:
https://www.reddit.com/r/BuyltForLife/comments/9kexv8/bifl computer chair_
mainly used for programming/

Fig 5: Youtube Screenshot taken 19/04/2020 from video at 11minutes 58seconds:
https://www.youtube.com/watch?v=2Y7XO5H_6HY

Fig 6: Through Hole Components Retrieved 21/04/2020 from:
https://resources.altium.com/p/why-use-through-hole-technology-in-pcb-design

Fig 7: Surface Mount Components Retrieved 21/04/2020 from:
https://www.worthingtonassembly.com/blog/2013/03/22/design-for-
manufacturability-dfm-use-surface-mount-components-smt-part- 1-of-many

Fig 9: Trigger’s Broom Retrieved 17/03/2020 from:
https://rhodestothepast.com/2018/07/05/daft-as-a-brush-the-ancient-
philosophy-of-triggers-broom/

Fig 10: CircularEconomy Graphic Retrieved 19/04/2020 from:
https://www.ellenmacarthurfoundation.org/circular-economy/concept/
infographic

Fig 11: Design Out Waste: The Optimist Retrieved 15/04/2020 from:
https://www.agencyofdesign.co.uk/projects/design-out-waste/

Fig 12: Ore Streams Retrieved 15/04/2020 from:
https://www.formafantasma.com/filter/home/Ore-Streams-1

Fig 13: Open Structures Water Boiler Retrieved 15/04/2020 from:
https://www.dezeen.com/2012/10/20/openstructures-water-boiler-by-unfold/
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Fig 14: Transparent Tools Retrieved 15/04/2020 from:
http://www.jessehoward.net/work/transparenttools

Fig 15: Photograph by Tuomas Hamaéldinen 2016

Fig 18: Print+ Headphones Retrieved 15/04/2020 from:
https://www.print.plus/store/diy-headphone-kit-black

Fig 19: HomeBrew Headphones Retrieved 15/04/2020 from:
https://homebrewheadphones.com/3d-printed-bluetooth-headphones/

Fig 21: Pioneer SE-L40 Exploded Drawing Retrieved 18/04/2020 from:
https://www.hifiengine.com/manual_library/pioneer/se-140.shtml

Figures 31 to 37 exported from online survey tool, SurveyMonkey.
Figures 53, 54 and 59, photographs by Hala Menassa.

Final photographs (pages 124 - 130) taken by the author and Hala Menassa.
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Appendix - Survey

The following results pages have been exported from SurveyMonkey.

Below is a logic diagram of how the survey was set up.
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3/20

152




Headphone Survey SurveyMonkey

Q4 What type do you have?

Answered: 203 Skipped: 18

In-Ear

On-Ear

Over-Ear

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES

74.38% 151
on-Ear 16.26% 33
Over-Ear 32.02% 65

Total Respondents: 203

4/20

Headphone Survey

Q5 Are they wired or wireless?

Answered: 203 Skipped: 18

Wireless

Wired

*Both* (Please
answer all...

0% 10% 20% 30% 40% 50% 60% 70% 80%

ANSWER CHOICES
Wireless
Wired

*Both* (Please answer all following questions about your wireless set)

TOTAL

5/20

SurveyMonkey

90% 100%

RESPONSES
27.09%

46.31%

26.60%

55

94

54

203

154




Headphone Survey

Upto50€
Up to 150€
Up to 250€
Over 250€
Don't know
0%
ANSWER CHOICES
Up to 50€
Up to 150€
Up to 250€
Over 250€
Don't know
TOTAL

10%

Q6 How much did they cost?

Answered: 203 Skipped: 18

20%

30%

40% 50% 60% 70%

RESPONSES
39.41%

25.62%
10.34%
9.36%

15.27%

6/20

80%

90%

SurveyMonkey

100%

80

52

21

19

31

203

Headphone Survey

SurveyMonkey

Q7 How much do you use them per day?

Less than 30
Minutes

Upto 1Hour

Up to 2 Hours

Up to 3 Hours

Upto 4 Hours

Morethan 4
Hours

Idon't use
them very often

ANSWER CHOICES
Less than 30 Minutes
Up to 1 Hour

Up to 2 Hours

Up to 3 Hours

Up to 4 Hours

More than 4 Hours

| don't use them very often

TOTAL

o

%

10%

20%

Answered: 203 Skipped: 18

30%

40% 50% 60% 70% 80% 90% 100%

RESPONSES
14.78%

23.65%
16.75%
15.76%
7.39%
9.85%

11.82%

7120

30

48

34

32

15

20

24

203

156




Headphone Survey

Q8 When do you use them?

Answered: 203 Skipped: 18

Commutingto
work
Fng _
Workinginan
office
prersing _
Aehome _
Other (please
specify)
0% 10% 20% 30% 40% 50% 60% 70% 80%
ANSWER CHOICES RESPONSES
Commuting to work 51.23%
Flying 44.33%
Working in an office 45.81%
Exercising 48.77%
At home 45.32%
20.69%

Other (please specify)

Total Respondents: 203

8/20

SurveyMonkey

90% 100%

104

920

93

99

92

42

L N

[

© |~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Headphone Survey

OTHER (PLEASE SPECIFY)

Working in quarantine

casual walk, focusing while working in a cafe/library
Working on the farm

Gaming

When walking outside

commute

videochatting

Working mobile at home.

for zoom, skype and other meetings

Outdoor walks

virtual team meetings mainly

On the way to work and home

When talking with my mobile and using public transportation
all

Cooking

Studying

Driving

Walking

i avoid using them

talking while typing

Walking the Dog

Train

When out walking

Phonecalls

Walking

In the workshop

Talking on the Phone, listening to music while working
Watching movies, listening music

video editing

Walking (the dog etc)

Walking

| listen to them to fall asleep.

Walking the dog; all transport

phone calls

When going to sleep

On the phone while cooking

Playing video games

commuting or walking or grocery shopping etc.
Playing video games

Working in a café, working at school, going for a walk, walking around in the city

9/20

SurveyMonkey

DATE

3/28/2020 8:23 AM
3/27/2020 10:51 PM
3/26/2020 11:58 PM
3/26/2020 10:29 PM
3/26/2020 6:39 PM
3/26/2020 2:55 PM
3/26/2020 1:46 PM
3/26/2020 12:50 PM
3/26/2020 12:11 PM
3/26/2020 12:09 PM
3/23/2020 9:53 PM
3/19/2020 11:50 PM
3/19/2020 11:44 PM
3/19/2020 10:51 PM
3/18/2020 8:07 PM
3/13/2020 2:25 AM
3/12/2020 6:22 PM
3/12/2020 6:10 PM
3/12/2020 4:03 PM
3/12/2020 2:05 PM
3/12/2020 11:26 AM
3/12/2020 10:56 AM
3/12/2020 9:43 AM
3/12/2020 2:07 AM
3/12/2020 1:38 AM
3/11/2020 11:27 PM
3/11/2020 10:42 PM
3/11/2020 9:03 PM
3/11/2020 7:35 PM
3/11/2020 7:08 PM
3/11/2020 7:07 PM
3/11/2020 5:41 PM
3/11/2020 5:21 PM
3/11/2020 4:55 PM
3/11/2020 4:33 PM
3/11/2020 3:06 PM
3/11/2020 2:33 PM
3/11/2020 2:25 PM
3/11/2020 2:20 PM
3/10/2020 8:50 PM

158




Headphone Survey

SurveyMonkey

Q14 If your headphones are out of warranty and stop working to your
satisfaction, what are you most likely to do?

Attempt to fix
themyourself

Finda
repairman to...

Discard them
and buya ne...

Aska friend
to fix them

Other (please
specify)

0% 10% 20%

Answered: 194  Skipped: 27

30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES

Attempt to fix them yourself 13.92%

Find a repairman to fix them 9.28%

Discard them and buy a new set 68.04%

Ask a friend to fix them 6.19%

Other (please specify) 2.58%

TOTAL

# OTHER (PLEASE SPECIFY) DATE

1 Depends on the price and how much i invested in them 3/26/2020 1:34 PM
2 Headphones supplied by employer. Employer would replace them 3/20/2020 7:31 PM
3 Either discard them or ask a friend 3/12/2020 9:24 AM
4 If they were cheap, probably discard, if they were pricey, probably ask a repairman 3/11/2020 8:26 PM
5 Find a phone repair service to fix them 3/11/2020 5:23 PM

20/20

27

18

132

12

194

170

End of survey, message below displayed on screen;
Thank you for completing my survey!

Data collected will be used as part of research into headphones and repairability
for my masters thesis.



