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Abstract

Vinyl records have re-emerged as the 
preferred format for music fans and artists 
alike.  The problem is that producing vinyl 
records is slow and expensive; this makes it 
difficult for up-and-coming artists to release 
their music on vinyl.  What if you could 
make your own records at home?
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INTRODUCTION

Personal Interest
I have always been a music lover; I began playing in bands when I was 14, and decided in 
my later teenage years that I would pursue a career in music.  While I knew that surviving as 
a working musician would be unlikely (I was teaching guitar lessons and working at music 
stores at the time), I decided that working in studios as an audio engineer would be a much 
more viable career option.  After setting myself on this path, in 2006 I earned a college 
diploma in Music Production & Audio Engineering and worked in the music industry for two 
years.  

In this time, I witnessed sweeping changes in the industry as digital distribution and 
home recording reached a critical mass, and commercial recording studios and major 
record labels had to rethink their business practices in order to survive.  These new 
innovations made it easy for artists to record and distribute their music themselves, but 
also made it much more difficult for them to earn any income in the process.  As record 
labels consolidated, downsized, and adopted new business strategies, musicians and 
professionals across the industry found it harder than ever to make a living.

Since exiting the music industry in 2008 to pursue an education in industrial design, I have 
been eager to work on a music-related design project.  More specifically, a project to help 
independent musicians to earn income from their art, so they can continue to make music. 

Background
The music industry has been in a constant state of unpredicatable and unsettling change 
for more than a decade.  When Napster launched in 1999 and made it possible for anyone 
with an internet connection to share MP3 files for free, the industry was thrust into new and 
uncharted territory, and has been struggling to adapt ever since.  

While legal dispustes ensued, the popularity of Napster was soon eclipsed by the 
introduction of the Apple iPod and iTunes, which would redefine how music was bought, 
sold, and listened to.  More recently, illegal torrent sites such as The Pirate Bay as well as 
legal streaming services such as Spotify and Tidal have influenced the way that both major 
record labels and independent artists sell and distribute recorded music.

Unfortunately, the result is that it is becoming increasingly difficult for musicians, and 
especially independent musicians, to earn revenue from their art.  The artists’ share of 
revenue from digital streaming is negligible, approximately $0.006 USD per play, and CD 
sales have been in continued decline since the mid-2000s.

However, in 2014, the music industry recognized a new trend, driven by fans, that is proving 
to be promising to new and established artists in every genre.  What’s more exciting is that 
this trend is reshaping the music industry by returning it to its roots.
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1. http://consequenceofsound.net/2014/12/43-million-pandora-streams-of-happy-earned-pharrell-williams-a-measly-2700/

THE PROBLEM 
WITH STREAMING
In 2015, streaming services such as Spotify established their 
position as the dominant form of music consumption, as Wifi 
and mobile data have allowed anyone with a smartphone to 
stream the world’s music collection, more or less for free, from 
anywhere.  Services such as iTunes and Spotify have made it easy 
and affordable for people to access, share, and enjoy music in new 
ways, and has presented artists with direct access to their fans and 
an unprecedented level of exposure.  Unfortunately, the trade-off 
is that streaming services operate using a business model that is 
extremely unfair to the artists.

“HAPPY” ON PANDORA 
43 MILLION PLAYS 

$2,700 IN ROYALTIES

To put this into perspective, 43 million streams of “Happy” on 
Pandora earned Pharrell a songwriter’s royalty cheque for only 
$2,700.1  That’s approximately 0.00006 cents per play.For indie 
musicians, this means that they aren’t earning any money from their 
music anymore, and are solely dependent on their cut of ticket sales 
from live shows and merchandise sales, if any, for income.  The result 
is that these artists are able to devote less and less time to their 
craft, which is bad for music fans, culture, and the state of music in 
general.
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THE VINYL 
REVIVAL

Music industry experts have been trying to uncover why vinyl 
records have re-emerged as the preferred format for recorded 
music, especially while the industry has been steadily moving away 
from the physical format and towards digital sales and streaming.

“The growth of record sales is driven by younger 
listeners looking for a physical product to 
complement their digital music collection.”

Vinyl is universally praised by artists and music fans alike.  For 
artists, it represents a chance at a return on investment: people 
are willing to pay for vinyl, even at a premium, much unlike CDs or 
download cards.  Fans appreciate owning something tangible and 
the experience that vinyl records offer.  The larger format provides 
a better canvas for artwork and liner notes, the order of songs 
is carefully chosen by the artist, and the album is intended to be 
played an entire side at a time.  There is a ritual to listening to vinyl 
records that doesn’t exist in the digital world.
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THE PROJECT

The Problem
While the Vinyl Revival is extremely promising for independent musicians, the downside 
is that vinyl records are both expensive and slow to produce.  Because vinyl is so popular 
again, major record labels are blacking out entire weeks of time at vinyl pressing plants to 
ensure their orders are filled on schedule, and many plants aren’t taking new orders due to 
the backlog.

There is an average 3-4 month waiting list to have a new record pressed, with no guarantee 
of delivery date.  More importantly, you need to order at least 1,000 records for vinyl 
pressing be cost effective at all. 

Topic Area
There is a large market segment left unserved by vinyl pressing plants.  The services they 
offer aren’t suitable for the many up-and-coming artists who have a growing fan base and 
touring schedule, but can’t commit to ordering at least 1,000 units.  High minimum orders 
curb opportunity for artists who want to produce special or limited editions of their work, 
and slow turnaround times limit artists who need records faster and more affordably than 
what pressing plants can offer.  

Collectively, all of these factors reduce the opportunity for creativity and expression within 
the medium.  While vinyl records by no means a new technology, there is still plenty of 
opportunity for artists to innovate and experiment with the format.

My initial research has proven that the technology exists to produce vinyl records quickly 
and affordably at low quantities, and that the demand is real from both independent artists 
and music fans.

The New Technology Revolution
In recent years, many successful products have been developed by taking technology that 
was previously too expensive, too complicated, or too big to own; and making it available to 
and usable by the average person.

This is my goal: to develop a compact, user-friendly, and affordable solution inspired by the 
Vinyl Revival and the Maker Movement, so that anyone can make their own vinyl records at 
home.

VINYL REVIVAL MAKER MOVEMENT

+
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The Top-Selling Vinyl Albums of 2014

Jack White
Lazaretto
86,700

Arctic Monkeys
A.M.

58,700

Lana Del Rey
Born to Die

42,100

The Beatles
Abbey Road

38,200

Bob Marley 
Legend
37,800

The Black Keys
Turn Blue
34,200

The Beatles
Sgt. Pepper’s...

33,600

Lana Del Rey
Ultraviolence

31,800

Miles Davis
Kind of Blue

31,700

Amy Winehouse
Back to Black

27,800

1993 2014

3m

2m

1m

4m

9.2 million 
vinyl records 
sold in 2014

In recent years, the sale of vinyl records has increased exponentially, culminating with the 
sale of 9.2 million vinyl records in the United States in 2014, which is more than double the 
number of vinyl records sold in 2011.  Vinyl records haven’t been this popular since they 
were still the dominant format of recorded music, before the advent of CDs in the late 
1980s.  

What’s even more interesting is that the top-selling vinyl records of 2014 span genres and 
time periods.  New independent releases from Jack White and The Arctic Monkeys, as well 
as re-pressings of classic albums from The Beatles and Bob Marley & The Wailers are taking 
the top spots.2

 

RECORD SALES STATISTICS

2. http://www.wsj.com/articles/the-biggest-music-comeback-of-2014-vinyl-records-1418323133
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65%
18%

16%

“It’s really important to me that I own 
music rather than rent or stream it.”

Agree

Unsure

Disagree

Agree 65%

Unsure 18%

Disagree 16%

Owning vs. Streaming
A 2011 report from the British Phonographic Industry found that 65% of music consumers 
maintain the importance of owning their music collection rather than streaming it.  This 
report highlights that while streaming and subscription-based services continue to grow in 
popularity, consumers still want to maintain ownership of a music collection.3

   

“I still buy CDs but I never listen to them. They get ripped into my 
laptop and go straight onto the shelf – but I still want to own the 
physical album, so I can look at the artwork and read the liner 
notes.”

Millennials who have large collections of digital music files are still willing to buy music in 
a physical format, as they are largely responsible for the recent growth of vinyl sales.  The 
key is that they ascribe value to a vinyl record in a very different way than a CD, the sales of 
which have been in decline. 

The Vinyl Experience
While it has been long-debated whether vinyl records offer the absolute best sound 
quality, experts agree that the resurgence in the popularity of vinyl records is all about the 
experience.  Vinyl records offer a physical and tangible experience in an otherwise purely 
digital era of music, and the format is revered by artists and music fans alike. 

The large format offers a better canvas for artwork and liner notes than CDs or cassettes, 
and the order of the songs on the album is carefully selected by the artist, and must be 
divided into two separate sides.  Vinyl recordings are designed to be listened to in order, 
one entire side at a time, as opposed to the easily randomizable and selectable nature of 
CDs and MP3s.  This offers a much more curated experience for the listener, and better 
reflects the artist’s creative intent.

“It’s a more intimate way to listen to music. You have a routine: you 
take the record out of its sleeve, you put it on the table and you 
clean it...it’s something you definitely put more thought into.”

There is a ritual to listening to vinyl records that doesn’t exist in the digital world.  Listening 
to a vinyl record is an active, participatory event involving multiple steps: the listener 
must remove the record from the sleeve, select which side to listen to, place the record 
on the turntable, clean it with a soft brush to remove dust and static, and lastly cue to the 
selected groove and drop the needle.  Each side of an LP is only 12-15 minutes long, so the 
listener must remain near the turntable to repeat the process at the end of the first album 
side.  The result is that listening to music on vinyl is a much more thoughtful and conscious 
experience than streaming a playlist or playing a CD.  

MUSIC CONSUMPTION TRENDS

3. http://www.bpi.co.uk/assets/files/musicconsumption.pdf 

18 19



Supply & Demand
If an artist wants to release their album as a vinyl record, they must enlist the services of 
a vinyl pressing plant.  Due to the renewed popularity of vinyl records, there are many 
pressing plants in operation, old plants reopening their doors, and even new plants going 
into business, and they all have one thing in common: they are struggling to keep up with 
the demand.  

This is compounded by the challenge of manufacturing using antique vinyl presses that are 
often up to 60 years old.  Vinyl presses are large, complex, and highly specialized pieces of 
equipment; building new presses would be cost-prohibitive, so most vinyl pressing plants 
rely on refurbishing and repairing vintage machines as needed to produce modern records.  
The demand for the vinyl pressing machines themselves is so high that some smaller record 
plants have closed their doors in order to sell their machines to larger plants at a sizeable 
profit.4

“But while new LPs hit stores each week, the creaky machines 
that make them haven’t been manufactured for decades...as such, 
the nation’s 15 or so still-running factories that press records face 
daily challenges with breakdowns and supply shortages.” 5

Advantages of Vinyl Records
For artists, vinyl records represent a chance at a return on investement: music fans are 
willing to pay for vinyl records, even at a premium, much unlike CDs or download cards.  
Records are a long-established format that offer a low barrier to entry; most new listeners 
can easily obtain a turntable from a family member, or purhase one at low cost from a 
second-hand store, and all vinyl records are compatible with all turntables, whether new or 
vintage.  

Vinyl records also offer arguably the best sound quality of any format.  While the fidelity 
and frequency response of a vinyl record is technically less than the digital resolution of a 
CD, the overall perceived sound quality is more pleasant and musical due to the natural 
warmth, harmonics, and increased dynamic range of analog sound. 

Disadvantages of Vinyl Records
A downside of the renewed popularity of vinyl records is that it can be extremely difficult 
for independent artists with smaller orders to get their albums manufactured at all.  The 
demand for vinyl is so high that major labels are purchasing entire weeks of machine time at 
vinyl pressing plants to ensure that their orders are filled on time.  

As a result, the average turnaround time for an independent order is approximately 16 
weeks, and a minimum order of at least 1,000 units is required for the process to be cost-
effective at all.  While the record, paper label, and printed sleeve cost approximately $3-5 
USD per unit, the set-up and tooling cost for a vinyl order is usually  between $1,000 - 
$2,000 USD.6

VINYL PROS & CONS

EXPENSIVE SLOW

CONS

MINIMUM ORDER

COMPATIBLEVALUABLE BEST SOUND

PROS

4. http://pitchfork.com/thepitch/363-vinyl-shortage/ viny pressing stats
5. http://www.wsj.com/articles/the-biggest-music-comeback-of-2014-vinyl-records-1418323133
6. http://capsulelabs.com/pressing/quote.php
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HOW RECORDS ARE MADE

Studio Recording
In the studio, a recording engineer creates a multi-track recording of the band’s 
performance.  Each instrument or sound is usually recorded on a separate track in order 
to allow the most control over the final sound.  The band may play together, individual 
musicans may overdub their parts one at a time, or often both approaches are combined to 
capture and combine the best performances. 
 
Mixing
A mix engineer blends all of the individual tracks of the artist’s recording to create a 
balanced sound and to reflect the artist’s vision for the song.  This includes adjusting 
the volume of each individual track - especially the lead vocal, panning elements across 
the stereo spectrum to create a sense of width and space, and adding effects such as 
compression, EQ, delay, and reverb to enhance and control the quality of each sound and 
create a balanced mix.  The engineer then combines all of the tracks of the multi-track 
recording into a 2-track stereo master recording.

Digital Mastering
Mastering adds the final touches to the mixed 2-track master recording by making it as 
loud as possible, enhancing the sense of stereo width, and creating sonic balance and flow 
between each song on an album.  Mastering engineers create the final digital master files, 
which are the source files used to produce a commercial CD or MP3 stream for release.

Vinyl Mastering
If the recording is to be released as a vinyl record, there is usually the need for a secondary 
analog mastering stage in order to prepare the files for the limitations of the vinyl format. 
The stylus used to play a vinyl record is delicate and sensitive, and special attention needs 
to be paid to certain qualities of the master recording in order to create a playable record.  
Bass frequencies must be in mono only, extreme stereo effects must be minimized, and 
high frequencies such as cymabls as well as sibilant vocals must be attenuated with a 
de-esser.  Recordings that have not been properly mastered for vinyl will likely result in an 
unplayable or heavily distorted sounding vinyl record.7

Lacquer Cutting
Once properly mastered in analog, the recording can then be cut into a soft lacquer master 
disc using a record-cutting lathe.  This process is largely dependent on the skill of the 
cutting engineer, as well as the quality of the cutter head on the lathe.  The resulting lacquer 
master will never be listened to; it is metalized and used to cast the metal stampers used to 
produce a pressed vinyl record. One lacquer is cut for each side of the record.

Duplication
Once the lacquer master disc has been metalized, it is used to cast a master stamper: a 
positive impression of the disc’s surface with raised ridges instead of grooves.  The master 
stamper is then re-cast to create a mother stamper, which is identical to the original lacquer 
master, except made of silver and nickel.  The mother stamper is then re-cast to create a 
positive mold called the slave stamper: this disc is used in the vinyl press and is identical 
to the master stamper.  The master stamper and mother stamper are put into storage in 
order to cast more slave stampers for additional production runs; a stamper has a life of 
approximately 1,000 pressings.  The stamper casting process is then repeated to make 
masters, mothers, and slaves for Side B of the record.8

STUDIO
RECORDING MIXING DIGITAL

MASTERING
VINYL

MASTERING
LACQUER 
CUTTING

LACQUER
MASTER A

MASTER
STAMPER

MOTHER
STAMPER

SLAVE
STAMPER

VINYL
RECORD

LACQUER
MASTER B

MASTER
STAMPER

MOTHER
STAMPER

SLAVE
STAMPER

7. http://www.chicagomasteringservice.com/vinyl.html
8. http://www.razorcake.org/columns/how-vinyl-records-are-made-a-photo-essay-of-a-record-pressing-plant

THE RECORD-MAKING PROCESS
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PER UNIT COSTS
12” Record    
Paper Sleeve    
Center Label    
Dust Jacket    

Inserting Label Into Sleeve   
Inserting Sleeve Into Jacket  
Shrink Wrap    
               
Per Unit Total (x1,000 units)  

SET-UP FEES

LACQUER CUTTING (BOTH SIDES) 
METAL PLATING (STAMPERS) 
TEST PRESSING   
SET-UP FEE    
SHIPPING TEST PRESSINGS  

Set-Up Total    

TOTAL = $3,750 or $3.75 per unit

VINYL PRESSING PRICES

As previously stated, one of the drawbacks of vinyl records is the cost.  Vinyl records are 
more expensive to produce than CD’s and cassette tapes, especially in low quantities.  
While the increased demand of vinyl has caused a surge pricing effect, increased 
competition from both domestic and international vendors has helped stabilize the market.  

Most of the vinyl pressing plants in operation in the United States offer online price quotes.  
These numbers were calculated by averaging three quotes from vinyl pressing plants in the 
United States, based on a production run of 1,000 units.9

The cost to the customer is greater than just the record itself.  Packaging, including the 
center label, paper sleeve, cardboard dust jacket, and shrink wrap all incur additional cost.  
The packaging cost can greatly exceed the cost of the record itself if intricate or deluxe 
options are selected, such as a gatefold sleeve or full-colour printing on the center label and 
dust jacket.

Labour is charged as a per unit cost for manually inserting the records into the paper sleeve, 
and the paper sleeve into the dust jacket.  Additional inserts, such as stickers and cards are 
also charged per item. 

Fixed set-up fees and pre-production fees, including cutting the lacquer master discs and 
producing the metal stampers, often account for up to one-third of the total production 
cost.

9. http://www.urpressing.com/12inch.php

$1.05
$0.25
$0.20
$1.00

$0.10
$0.10
$0.15

$2.85

$350
$250
$100
$100
$100

$900

24 25



MASTERING LATHES

10. http://www.gzvinyl.com/Manufacturing/Mastering/Lacquer-technology.aspx
11. http://sessionville.com/articles/what-is-the-riaa-curve
12. https://www.neumann.com/?lang=en&id=about_us_history_part_4
13. http://www.harryshifi.com/images/vinyl_tutorial.pdf

The first step in producing a vinyl record is to transfer the source recording to a lacquer 
master disc using a disc-cutting lathe, which were frequently the centerpiece of mastering 
studios until the late 1980s.
  
The analog audio signal is sent to two moving coils in a cutting head: one for the left 
channel and one for the right channel.  These coils move perpendicular to each other 
and their energy is amplified in order to vibrate a sharp, triangular cutting stylus made 
of sapphire or ruby.  The stylus is heated and cuts a V-shaped spiral groove into a 
nitrocellulose lacquer layer applied to an aluminum disc.  This master disc is never listened 
to, but is used to cast the metal stampers that are used to press the vinyl record.10

The technology was perfected with Neumann’s VMS series lathes, first released in the 
1960s.  Many VMS-70 lathes, as well as their flagship VMS-80 lathes, are still in service today.

RIAA Curve
The Recording Industry Association of America (RIAA) equalization curve is applied to the 
master recording before it is sent to the lathe.  This EQ curve cuts the bass frequencies by 

-20 dB and boosts the treble frequencies by +20 dB.  The result is that the program length of 
the record is increased to 20 minutes per side due to the reduction of long wavelength bass 
frequencies, and surface noise is greatly reduced.  On playback, the opposite EQ curve is 
applied to restore the bass frequencies and  attenuate the high-end surface noise, so that 
the entire process is imperceptible to the listener.11

Pitch and Groove
Traditional lathes produced records with a constant groove pitch across the surface of 
the disc: the space between the physical grooves containing the audio signal was of 
equal width across the entire record.  This made cutting easier, without the risk of grooves 
colliding into one another during loud and dynamic passages; the downside is that disc 
space is wasted due to overly wide pitch, and the record cannot be cut as loudly due to 
fixed maximum groove width.12

Newer lathes have variable pitch cutting systems, which use an analog pitch computer to 
pre-listen to the audio using a tape delay system, and automatically adjust the groove pitch 
as needed to allow for the loudest possible pitch without the grooves colliding.13

6

1

2

3

4

5

1. Microsope
2. Vacuum
3. Platter
4. Cutter Head
5. Lead Screw
6. Pitch Computer

Clockwise From Top:
Record Grooves under Microscope
Neumann VMS-70 Lathe
Cutting Stylus at 10x Magnification
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Presto Model “K” Recorder
The Presto Model “K” is one of the oldest and most famous portable recording lathes ever 
produced; the entire machine was built into a suitcase-sized enclosure, complete with 
carrying handle.  The first model was made in the 1930s, and it could be used to cut a 
live monoaural recording from a single microphone directly onto a 78 RPM acetate disc.  
The Presto was famously used in 1937 to record a delayed live report at the site of the 
Hindenberg disaster.14  It was also famously used by folklorist Alan Lomax, who travelled 
around the United States with one in the 1930s and 1940s creating live recordings of blues 
and folk musicians for the Library of Congress archives.

“Every sound that was in the room, and everything that the 
musician did is in that groove. And there’s something really 
special and really important about that.” 15

The Presto recorder marked the dawn of home recording, and was frequently used to 
create and mail voice recordings to family members and friends overseas.  Restored and 
refurbished units are still being used to this day by historians, collectors, and experimental 
musicians to create one-of-a-kind live recordings.

Arcturus Lathe
The Arcturus Lathe was designed in 1949 by music technology pioneer Les Paul: inventor 
of multi-track tape recording and the electric guitar, including his namesake Gibson Les 
Paul model.  In true mid-century American fashion, the platter of the Arcturus lathe is a re-
purposed flywheel from a 1950 Cadillac.16  

The lathe was short-lived and only produced in limited numbers at a factory in Los Angeles, 
but was intended to be Paul’s answer to the Presto lathe, and an early effort to allow 
everyday people to cut their own records for home use.  The lathe could cut records at 33, 
45, and 78 RPM, and could accept various  cutting heads using a standardized mount.17 

HISTORICAL REVIEW – HOME RECORDING LATHES

14. https://the78rpmrecordspins.wordpress.com/2013/03/01/the-presto-history-page/
15. http://www.npr.org/2014/02/17/277548570/that-old-time-sound-captured-live-in-the-moment
16. http://prorecordingworkshop.lefora.com/topic/4312822/Arcturus-lathe#.VPIMb7PF8pA
17. http://goo.gl/2NAlCE

This Page: 
Presto Model “K” Recorder

Opposite Page: 
Vintage suitcase lathe collection
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The Vinylrecorder T560 is a direct-disc vinyl cutting lathe that was developed in Germany 
by Ulrich Sourisseau more than 30 years ago.  Trained as an engineer, Sourisseau set out to 
develop the machine in the mid-1980s when CDs began to render vinyl records obsolete, 
and he realized that he would no longer be able to obtain new 7” vinyl singles to stock the 
jukebox in his factory.   

Initially, Sourisseau had no intention of commercializing his machine or the technology 
involved, but he has since made the machine available for purchase in very limited 
quantities, and with one very strict condition: the purchaser must travel to Germany and 
attend a 3-day training course on vinyl cutting taught by Sourisseau in his workshop.18

“It looks a little like something from the Frankenstein’s drawing 
board, but is in fact a custom-made, hand-built and incredibly 
complex device.” 19

Custom Vinyl Records
Sourisseau’s machine operates similarly to a record player, but in reverse: instead of the 
needle travelling across grooves in a record and amplifying the recorded vibrations into 
audio, the Vinylrecorder uses a diamond cutting head to cut grooves into a blank vinyl 
record from an external analog audio source, in real-time.  Unlike professional studio lathes 
designed to cut lacquer, Sourisseau’s machine cuts actual vinyl discs for longer life and 
durability.  A built-in vacuum removes the fine strands of vinyl scrap as they are cut from 
the disc.  

The resulting record can be played back on any turntable, and is similar to a commercially-
produced record in terms of sound quality and longevity.  In fact, the Vinylrecorder must 
be mounted to a Technics SL-1200 turntable in order to function at all; the machine relies 
on the platter and motor of the turntable to control cutting speed, and uses the turntable’s 
tone-arm and stylus to monitor playback. 

Pros
Excellent sound quality
Can record on real vinyl instead of acetate for greater durability and longer life
Can monitor audio signal while recording with built-in playback stylus

Cons
Must travel to Germany to attend a training seminar in order to purchase
Extremely technical, unstable, and not user-friendly20

Machine must be mounted to a Technics SL-1200 turntable to function
Expensive (~$4,000 USD + trip to Gremany + Technics SL-1200)

COMPETITIVE ANALYSIS – VINYLRECORDER T560

18. http://www.lathetrolls.com/viewtopic.php?f=11&t=4901
19. http://www.soundonsound.com/news?NewsID=11111
20. http://en.audiofanzine.com/other-misc-product/vinylrecorder/t560/user_reviews/r.123015.html
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Amanda Ghassaei, an engineer from San Francisco, has developed two separate concepts 
for creating digitally fabricated records that are playable on a standard turntable, with the 
intent of making custom, experimental records easily accessible.  

The 3D Printed Record
Ghassaei wrote Processing code to translate digital audio files into 3D CAD data that she 
then used to create the first 3D printed record.  While the resulting record was playable by a 
standard turntable, the grooves were over twice the width of a standard vinyl record due to 
the limited resolution of the printer, the sound quality was very poor, and the playing time of 
the recorded was limited to approximately three minutes.21  

“The waveform translates almost directly into the shape of the 
song... because the resolution of the laser is not as fine as vinyl 
record presses, each groove takes up at least ten times the space 
of its vinyl associate.”

Ghassaei estimated the sound quality to have a bit depth of 4 and a sample rate of 4.5 kHz, 
which is significantly lower than the 16 bit, 44.1 kHz resolution afforded by the commercial 
Red Book CD standard.22

Laser Cut Records
In 2013, Ghassaei modified her Processing code to program laser cutting paths with the 
goal of creating a laser cut record.  Her code allowed for multiple parameters to be adjusted, 
including: material type, speed, laser power, and musical style.  She tested the experiment 
on wood, acrylic, and paper discs with varying degrees of success.23

Much like her earlier experiment with 3D printed records, the laser cut records had a 
significantly reduced playing time compared to a traditional record, and suffered from the 
same poor sound quality.

Pros
Code is open-source and can be used with most laser cutters and 3D printers
Can utilize various media: wood, acrylic, paper, and 3D printed plastic
Resulting records can be played on any standard turntable

Cons
Very poor sound quality and low signal-to-noise ratio
Very slow to produce: approximately 90 minutes to cut one side
Greatly reduced playing time: 3 minutes per side instead of 20
Playback is mono only – stereo recording is not possible

DIGITAL RECORD EXPERIMENTS

21. http://www.thevinylfactory.com/vinyl-factory-releases/qa-with-amanda-ghassaei-the-developer-of-the-worlds-first-3d-printed-record-and-wooden-vinyl/
22. http://www.amandaghassaei.com/projects/3D_printed_record
23. http://www.wired.com/2013/05/laser-cut-record/

Images From Top:
Laser Cut Wood Record
3D CAD Groove Data
3D-printed Record
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ANALOGOUS RESEARCH

Home 3D Printing
A 3D printer is a machine that uses data from a 3D computer file to build a physical 
object, usually made of plastic or resin, one very thin layer at a time.  Home 3D printing is 
experiencing a period of explosive growth as both the quality and variety of units on the 
market continues to rise.  

Most consumer-grade 3D printers allow users to print virtually any object imaginable within 
an average build envelope of 150x150x150 mm, using various hard and soft plastics and 
other materials such as carbon fiber and even wood.  The challenge is that the average 
consumer does not possess the knowledge to design and build objects in a 3D modeling 
program.  While many online libraries exist with thousands of pre-made 3D models 
available to download, there is still a learning curve to achieving consistent and successful 
results from a 3D printer.  

“It’s still really new, it’s an industry in its infancy... there’s a huge 
mismatch of expectation. People expect to get a Replicator home, 
take it out of the box and print some incredibly complex thing in 
some exotic material.” 24

The average price for a home 3D printer is approximately $3,500 USD, which is expected to 
decrease as both competition and demand continue to grow.  Typically, the user purchases 
both the machine and print material directly from the manufacturer; additional colours and 
types of print media are often available, as are replacement parts and optional upgrades.  

The Maker Movement
Makers are defined as having and interest in creating and building things and learning by 
doing.  They often use recycled and salvaged components along with electronics and micro 
computers such as Arduino, Rasberry Pi, and other components to create both physical 
and digital projects, such as: a sound-activated remote door lock or a headband with LED 
lights that pulse along with your heartbeat.

“The maker movement, as we know, is the umbrella term for 
independent inventors, designers and tinkerers... open-source 
learning, contemporary design and powerful personal technology 
like 3-D printers.” 25

There is also a strong focus on community and skill-sharing.  “Maker Spaces” are opening 
around the world as a combination workshop and community center for tinkerers, builders, 
makers, and hackers to work on a diverse range of projects.  Many of these spaces offer 
free classes and workshops taught by their members, who often have backgrounds and 
expertise in a diverse range of subjects and are eager to share what they know.

24. http://www.theverge.com/2015/1/9/7518843/ces-2015-3d-printing
25. http://time.com/104210/maker-faire-maker-movement/
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RESEARCH TRIP – TORONTO

In January 2015, I travelled to Toronto, Canada to conduct hands-on research and 
interviews with music industry experts.  Toronto is Canada’s largest city, with a population 
of almost 3,000,000 people, and is one of the most diverse and multicultural cities in 
the world.  Toronto also has a bustling and eclectic local music scene, and is the heart of 
Canada’s music industry.   

I arranged interviews with working musicians; professional audio engineers in the fields of 
live sound, studio recording, and mastering; producers; and vinyl record collectors, as well 
as music fans.  I also visited recording studios, an independent record label, and a vinyl-only 
record store.

My goal was to better understand why vinyl had become so popular within the industry, its 
benefits and drawbacks, and to get a hands-on look at the technology used to make vinyl 
records from beginning to end.

9
Users

7
Industry Experts

2
Recording Studios

3
Record Stores
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EXPERT INTERVIEW - KEVIN PARK & GEORGE GRAVES

AGE: 40/70+

OCCUPATION: Lacquer Cutting Engineer/Legendary Mastering Engineer

LOCATION: Toronto, Canada

USER GROUP: Engineer

Lacquer Channel is a mastering studio in Toronto owned by George Graves, a legendary 
mastering engineer with a career spanning more than 40 years who has mastered albums 
for U2, Peter Gabriel, Rush, and countless others.  Lacquer Channel is one of the best 
studios offering lacquer cutting services to produce a master for vinyl record production.
Kevin Park is a lacquer cutting engineer who specializes in transferring modern digital 
masters to vinyl.

How did you learn to cut vinyl, and why do you think it’s popular again?
(Kevin) I used to cut a lot of dubplates (one-off records) for club DJS and reggae guys.  I 
purchased this old Neumann VMS-70 lathe, refurbished it, taught myself how to use it, and 
then the opportunity came up to partner with Lacquer Channel, which gave me space to 
set it up properly and access to new clients.

(George) When I got my start in Los Angeles in the 1960’s, everything was on vinyl - that’s  
all there was.  I got popular because I could cut records louder than anyone else,   
so after awhile I got a bit of a reputation.  The Guess Who brought me up to Toronto   
in the 1970s and I’ve been here since.

Can you explain the cutting process?
(Kevin) The process usually starts with mastering here at Lacquer Channel.  We start with 
a digital master; about half of my job is translating digital files to a physical master for 
pressing, and sometimes there is a lot of work to do before a cut can be made.  The signal 
has to be EQ’d and mono-summed to be vinyl-compatible.  If I’m cutting a pop record it 
will need to be louder and more mono as a result.  If it’s a more ambient and experimental 
record then we can have broad spectrum stereo, which will sound beautiful, but also result 
in a quieter record.  A small number of jobs are ill-suited to vinyl.

Has your job changed as the industry moved from vinyl to CDs and now back to vinyl?
In the music industry, there seem to be no rules.  Just like chefs, everybody has different 
flavours, different tastes.  I have a conservative style of working and I’ve maintained my 
“sound” throughout my career.  

New engineers don’t know how to master for vinyl, it’s a lost art.  I still work to vinyl 
standards, fixing things that used to give disc cutters problems: too much bass, sibiliant 
vocals and loud cymbals...I still rely on that scenario.

“New engineers don’t 
know how to master 
for vinyl, it’s a lost 
art.  I still work to vinyl 
standards...I still rely on 
that scenario.”
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EXPERT INTERVIEW - VID COUSINS

AGE: 39

OCCUPATION: Producer, Live Sound Engineer, Musician

LOCATION: Montréal, Canada

USER GROUP: Engineer

Vid has been sought out as a live sound engineer by artists such as Kid Koala, Squarepusher, 
Amon Tobin, Bell Orchestre, and !!! (Chk Chk Chk).  Originally from the UK, he has worked 
with both Polaris Prize and Oscar-winning artists since relocating to Montréal and opening 
Monkey Puzzle Sound Studio.  He holds a master’s degree in Audio Production.

Working with vinyl records has been central to Vid’s career, as both the studio and live 
sound engineer for scratch DJ and turntablist Eric San, who performs under the name Kid 
Koala.  Kid Koala plays turntables like a musical instrument, sampling an eclectic mix of vinyl 
records, and creating entirely new sounds in the process.  Mixing Kid Koala’s shows live 
produces a unique set of challenges, which Vid embraces - particulary the noise created by 
repeatedly playing and scratching old vinyl records.

What features would you like to see in a record lathe?
A fully-automatic, consumer-friendly unit that costs $1,000 would be amazing: it would 
really open up the possibilities of what you can do with vinyl.

I would like to see an “expert” model, or maybe as an add-on module, with full manual 
control and analog inputs that bypass all digital processing and signal flow from the base 
unit.  I’d like to be able to use vinyl as an external audio effect in the studio, and create really 
custom records with total control over all the little details.

Continuously adjustable mastering speed would be pretty great.  With the ability to 
synchronize the platter with the mastering speed, or the option to not synchronize speeds 
for artistic purposes.

What about sound quality?
When I’m mixing live shows for Eric (Kid Koala), noise is how the audience knows it’s real.  
People come out to see Kid Koala because they can tell he’s actually performing live with 
vinyl records...the experience wouldn’t be the same if it was digital.  There are songs Eric 
can’t perform live anymore because he’s worn out the records he needs, and it can be really 
difficult and expensive to find more copies of rare records.

What are your thoughts on usability and cost?
Most people will pay $15-20 for an LP from an unknown artist, and $20-30 for a popular 
artist.  For small artists doing limited runs, you don’t need sleeves, and there are plenty of 
services to handle that anyways.  It’s more about keeping the cost of the machine down.

As far as cost goes, man hours are much more valuable than machine hours.  If it’s quick to 
set-up and cuts automatically, it’s fine if it takes 15-20 minutes a side.  Eric’s lathe takes all 
day to cut a record because it’s so hard to use.

“Noise is how the 
audience knows it’s 
real...the experience 
wouldn’t be the same if 
it was digital.”
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USER INTERVIEW - BRIAN

AGE: 31

OCCUPATION: Recording Engineer

LOCATION: Stoney Creek, Canada

USER GROUP: Engineer, Musician

Brian is a recording engineer and musician from Hamilton, Ontario.  He is the owner and 
operator of Tapehead Recording Studio in Stoney Creek, Ontario and is the lead guitarist 
and co-songwriter for the band Thought Beneath Film.  With Thought Beneath Film, he has 
toured the United States and Canada, performed with the Hamilton Symphony Orchestra, 
performed at the Toronto International Film Festival, and received a MuchFactor grant for 
the band’s first full-length album Cartographers. 

Thought Beneath Film’s first EP, Detours, was mixed by Grammy-award winner Tom Lord 
Alge and mastered by Grammy-award winner Bob Ludwig.  The album was released as a 
digital download, CD, and limited edition 12” 45 rpm vinyl record. 

What are your thoughts on short-run vinyl records?
I have two different thoughts on this: punk bands doing DIY packaging, photocopies, live 
recording...this is a huge scene right now.  For all these small punk labels, doing a run of 50 
quick vinyl records would be great.  

Everything in the music scene is all vinyl now: 7” and 10” EPs mostly, and nobody is doing 
CDs anymore.  Even for our band, we did lots of digital EPs, live releases, and singles.  I 
would’ve loved to do short-run vinyl releases of all that stuff, but we couldn’t invest the 
money in pressing a run of them, there were too many releases and the numbers were too 
low.  Also, if you could somehow do coloured vinyl for limited runs, people will pay even 
more and it would sell like crazy.  I’ve spent so much money on limited-run vinyl.

What was your experience releasing your first album on vinyl?
We wanted to do a full 12” record even though it was only five songs.  I thought it would be 
more impressive, and I also really wanted to see the artwork blown up to 12 inches.  It was 
pretty easy, we just sent the digital files and got the records shipped out to us.  We had a 
friend design the artwork and do the packaging, I don’t know anything about that stuff.

The sound quality is really important.  If you listen to the CD or vinyl version of our album 
there’s a big difference, and they were both produced from the same master recording.

Did you make any money on your first album?
We took the CDs with us on a big tour.  Touring is rough - some shows are good, some really 
suck.  We toured across the entire country and didn’t make any money.  

The band we were touring with was selling vinyl records - at the merch table after the show 
the singer would open them up and sign the records as people bought them and they sold 
out every night.  Halfway through the tour they had to get more vinyl shipped ahead to the 
next city we were going to be in so they’d have enough to sell for the rest of the tour.

What’s the plan for your next album?
Singles are so much more important now.  Instead of going through a year of your life 
making an album...it just doesn’t make sense anymore and it isn’t profitable.  It’s better just 
to work on one or two songs at a time and try new things.

“Bands we toured 
with sold vinyl like 
crazy - they would sell 
out every few days 
and have to get more 
records shipped ahead 
to the next city.”
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USER INTERVIEW - JAMIE

AGE: 26

OCCUPATION: AutoCAD Engineer, Musician

LOCATION: Burlington, Canada

USER GROUP: Musician

Jamie is a musician from Burlington, Ontario.  He has been active in the Hamilton and 
Toronto music scenes for almost 10 years, and has toured eastern Canada with the post-
hardcore band Oceans.  In 2009, he recorded a full-length album with Oceans, called The 
Great Divide, which was released on CD and as a free digital download. 

He wanted to release the album on vinyl, but as a group the band decided against it due 
to limited resources, and because it would have been cost-prohibitive to only order a small 
number of units to test demand.  However, in hindsight Jamie admitted that producing vinyl 
records instead of CDs would have been a better decision and more desirable to their fans, 
as there is little difference in perceived value between CDs and digital downloads, but vinyl 
records have much more value for music lovers.  

Why did you decide to release The Great Divide for free?
We were making music for a generation of people who don’t buy music...they typically 
pirate it.  To us, that was an acceptable way of discovering new, unproven bands.  You’re not 
going to go to a store and pay $20 for a CD from an unknown band that you know nothing 
about.

Instead of trying to coerce people into paying $20 or even $10 for a CD and hording our 
music, we thought it was a better idea to give it away for free online as mp3s so all of our 
fans could listen to it right away.  We still made CDs and paid for them ourselves...it was the 
most cost-effective option and it was what everyone was doing.  We sold them at shows to 
fans who would say “I already have the mp3s but I want to support what you’re doing and 
own something”.  We didn’t make any money on those CDs though.

Did you make money on tour with Oceans?
Just enough to pay for gas to get to the next town.  That was par for the course for most 
bands we toured with.  We toured a lot but it was still tough to walk away with anything in 
your pocket.  It wasn’t the right band to be in if you wanted to make money.

What do you think about the Vinyl Revival - especially the implications for new, up-and-
coming bands?
File-sharing was the only way that the type of music we played reached an audience.  I 
still see the value in file-sharing, but there is a whole new opportunity in giving the fans 
something tangible (a vinyl record) that has a lot more value than a CD and has a presence.  
It’s so ingrained in our music culture.  If young bands could have the ability to produce small 
batch records...it’s a huge incentive, whether its shoegaze, garage rock, punk, any genre.  If 
they only make 25 of them and one day this band becomes huge...those records are going 
to be very valuable.

Do you buy vinyl records?
I’ve definitely bought records for some of my favourite bands because I want to own their 
music in a tangible object.  I don’t own a turntable but I still buy records!

“The value of a vinyl 
record is even greater 
[than a CD]...a record 
has life – it’s moving 
parts that create music. 
A digital single has no 
life.”
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EXTREME USER - JULIAN

AGE: 20

OCCUPATION: Owner of Tonality Records

LOCATION: Toronto, Canada

USER GROUP: Record Collector

Tonality Records is a music store in Toronto specializing in vinyl records from independent 
labels.  The store is curated by its owner Julian, and rather than sorting albums by artist, the 
store is arranged by record label.  The store only sells vinyl records and cassette tapes from 
independent labels.  

How did you become interested in vinyl records?
I got into records 4 or 5 years ago.  My background is in classical and jazz piano, and it all 
started with Dave Brubeck’s Time Out.  I started digging around thrift stores, and then I 
realized that current bands I listened to were still pressing vinyl, but it wasn’t available at 
most music stores or if it was you had to special order it.  Now, I have a collection of around 
1,000 records and it’s starting to get a little out of control.

What led you to open a vinyl-only record store?
I thought it would be great to collect and curate some of this music that you can’t find 
anywhere else, and make it easy for people to discover it in one place without spending 
hours digging through bins.  I deal directly with labels for the most part, and they’ve been 
really receptive to it.  Everything’s gone really well so far aside from a few small setbacks 
that go with starting a new business.  

Do you think music in general is more popular due to the return of vinyl?
I don’t think that music has ever faded away, but the way people find music is changing.  
It’s really becoming much more of a community now.  I really try to build a rapport with 
customers.  Some come in knowing exactly what they’re looking for, and some people say “I 
know nothing about this - tell me what to listen to”.

The big difference with vinyl is that it’s a much more intimate way to listen to music.  You 
take the record out of its sleeve, clean it, put it on the table, and drop the needle.  It’s much 
more of an active process than listening to music digitally.

Do you only listen to music on vinyl?
No, I have a large collection of mp3s too and listen to music on my phone when I’m on the 
go.  My collection doesn’t really overlap though, most of what I have on vinyl I don’t have on 
mp3 and vice versa.

Do you think vinyl records sound better than CDs or digital files?
Absolutely.  Some of the first records I bought were Radiohead’s entire catalogue.  I thought 
they sounded great, until I found out they were pressed from digital files.  Then I tracked 
down original pressings made from analog tape and the difference was incredible.  There 
was an extra level of detail and entire sounds I had never heard before that disappeared in 
all the compression of the digital files.

“I realized I wasn’t the 
only one interested in 
vinyl records; this was 
actually a thing, and 
people were having 
a hard time finding 
the records that they 
wanted.”
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RESEARCH ANALYSIS

Interviews with Users

Jamie
Musician

Chris
Musician

Brian
Producer/Engineer/Musician

Sylvan
Engineer/Record Collector

Julian
Record Collector

Warren
Record Collector

Interviews with Industry Experts

George
Mastering Engineer

Kevin
Lacquer Cutting Engineer

Vid
Producer/Recording Engineer

Based on interviews and research visits conducted in Toronto, the participants were 
grouped into three categories: musicians, engineers, and record collectors, in order to 
ensure a holistic and balanced approach to structuring and compiling the research data.  
These three groups were colour-coded magenta (musicians), cyan (engineers), and 
yellow(record collectors).  This will serve as a visual guide throughout the analysis phase.

Their interviews, feedback, and follow-up questionnaires were then coded and presented 
visually for further analysis and to identify key trends and data points.

Musicians

Engineers

Record Collectors
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LIFESTYLE
FOCUS

TARGET

Balance Lifestyle and Technology
Good Quality

Fun and Exciting
Smart and Simple

TECHNOLOGY
FOCUS

USER INSIGHTS

Brand Reference
Discussions with users frequently resulted in referencing three prominent brands: Beats by 
Dre, Bose, and Jambox by Jawbone.  these brands were discussed in terms of their specific 
attributes and market positioning, as well as their relevance to the users’ own tastes and 
preferences.  

Beats by Dre was identified as the dominant lifestyle brand in the pro-sumer audio 
category, while Bose was identified as the main technology-driven brand.  Jambox by 
Jawbone, while more consumer and less professional, was identified as the brand target to 
move forward with for the remainder of the project.

Market Positioning
Users were polled as to their purchasing preferences when shopping for new music, home 
audio, and studio equipment.  Based on the parameters of the project, I identified the two 
key parameters as price vs. quality and automatic vs. manual control.  I had a sample of 11 
users plot their corresponding preferences on an X/Y graph.  

The result is that there is a clear preference towards a product with primarily automatic 
control, and a balance between price point and quality.

LIFESTYLE
FOCUS

TECHNOLOGY 
FOCUS

SMART
PLATFORM

BASIC
MACHINE

AUTOMATIC
CONTROL

MANUAL 
CONTROL

HIGHER
QUALITY

LOWER
PRICE

Musicians

Engineers

Record Collectors
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SPEED

SOUND QUALITY COST

EASE OF USE FEATURES/CONTROL

USER NEEDS ANALYSIS

Based on synthesizing the interviews I conducted with musicians, engineers, and record 
collectors in Toronto, I discovered a range of immediate and latent needs, as well as user 
wishes related to the design of a home record cutting lathe.

Automatic
User insights revealed a clear preference towards a primarily automatic machine.  In order 
to be an effective solution, users requested a workflow no more complicated than burning a 
CD with a standard computer and consumer-grade software.

Mid-Range
The product should fall in the pro-sumer category.  Its market position should be mid-range 
in terms of price, and from a design perspective should fall in-between a lifestyle focused 
and technology focused brand category.

Sound Quality
Interviews and surveys indicate that sound quality is of upmost importance to almost all 
users.    The ability to produce a record with equal sound quality to a mass-produced record 
is critical to the success of the product.

Design Factors
The top 5 design factors chart serves to visualize the needs and wishes of each user group 
in a directly comparable way.  This data was gathered by polling interview subjects from 
each user group and asking them to rank each factor on a scale from 1 to 5.  The results of 
each individual were then averaged for each user group.

TOP 5 DESIGN FACTORS

SPEED COST SOUND QUALITY EASE OF USE FEATURES

Musicians

Engineers

Record Collectors

AUTOMATIC MID-RANGE SOUND QUALITY
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PERSONA 1

JON
The Indie Musician

AGE: 27

LOCATION: Seattle, Washington

EDUCATION: Community College

OCCUPATION: Draftsman

INCOME: $36,000/year

PERSONALITY: Relaxed, Social Extrovert, Creative, Experience-Driven

“It would be so cool to release our next album on vinyl, if we could 
afford it.  Our fans would love it and everyone would take the 
release more seriously.”

A DAY IN THE LIFE

John is a 27-year-old draftsman from Seattle.  His “day job” serves to support his lifestyle 
and music hobby, and is far from his dream job, which is to work in music full-time.  John 
lives at home with his parents to save money and have more disposable income.  However, 
he associates with city life, aspires to live downtown, and feels alienated in the suburbs.  

He drives a Volkswagen Golf because it is fuel-efficient and inexpensive to repair, and also 
large enough to transport his music gear and friends.  John has a girlfriend, who he has 
been in a relationship with for six months, but their relationship is not his main focus.

John’s true passion is the indie rock band that he started with friends from college.   While 
it isn’t a full-time job for any of them, they’ve released one album, have a sizeable following, 
and are writing a second album.  He has a laptop-based home studio in his bedroom, which 
allows him to record guitars, bass, and vocals.  The band recorded most of their first album 
in John’s studio, but went to a professional studio to record drums and to have the album 
mixed and mastered.  The album was released on CD and as an mp3 download, but they 
didn’t sell enough copies to recoup the cost of making the album.

GOALS

Be able to afford to record his band’s next album 

Make enough money from music to make it sustainable 

Make music profitable enought to be a full-time job 

Take ownership of the music-making and distribution  
 process, from start to finish

PAIN POINTS

Trying to balance day job and music career 

Losing money on playing shows and CD sales 

Not receiving royalty cheques from digital downloads 

How to fund recording and manufacturing his band’s  
 albums when they can’t recoup the cost

TIME SPENT MAKING MUSIC

DISPOSABLE INCOME

MUSIC-RELATED EXPERIENCE 

TRENDS

TECHNOLOGY

DO-IT-YOURSELF SPIRIT
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PERSONA 2

MARK
The Recording Engineer

AGE: 39

LOCATION: Toronto, Canada

EDUCATION: Community College

OCCUPATION: Recording Engineer

INCOME: $58,000/year

“I built the studio to have the flexibility to work on smaller projects 
and be close to my kids.  The hard part is finding a way to 
compete with bedroom studios and offering something unique.”

A DAY IN THE LIFE

Mark is a 39-year-old recording engineer with his own professional home studio.  He 
learned his trade by working his way up from intern, to assistant, to chief engineer at several 
large recording studios.

He is married and has two children, a 2-year-old and a 4-year-old.  His wife, Sara, works 
full-time as an HR manager.  He built a professional-grade studio in the lower level of 
their home to reduce costs and allow him to work on more projects with lower budgets.  
Working from home also allows him to keep an eye on the kids while Sara is at work.  Every 
day is a balance between taking care of the kids and running his business. 

Mark is always excited at the thought of new music gear, and he spends a lot of money on 
gear to improve the quality of the studio but also for his own interest.  He’s especially fond 
of reproductions of vintage studio equipment, and is always looking for ways to create 
unique sounds and to have a competitive edge over other studios.  Budgets are always a 
concern, as most artists that want to work with him have limited resources, and many can 
only afford to use his studio for part of a project.

Mark is also a musician himself and plays guitar and piano, but playing in bands is only a 
hobby for him these days.  He is more interested in spending time with his family, but also 
spends some of his free time in the studio writing and recording his own music.

PERSONALITY: Friendly, Family-Focused, Conscientious, Product-Driven

GOALS

Make the studio profitable and competitive 

Be able to work on small, low-budget “art” projects 

Find a secondary income stream for the studio 

Be able to invest in more gear for the studio

PAIN POINTS

Keeping prices affordable and still making a profit 

Finding a unique value proposition to attract clients 

Trying to balance hours in the studio with family life 

Getting enough client work to justify keeping the   
 studio open

TIME SPENT MAKING MUSIC

DISPOSABLE INCOME

MUSIC-RELATED EXPERIENCE 

TRENDS

TECHNOLOGY

DO-IT-YOURSELF SPIRIT
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USE ENVIRONMENTS

Home Studio
This setup reflects a user who is 
invested in their craft and spends 
a significant amount of time in 
the space.  

Equipment is left set-up and 
ready to use at all times, and 
includes a dedicated computer, 
audio interfaces, and musical 
instruments. 

This kind of environment is 
most often used by working 
musicians and indie bands, with 
the tools they need to record 
guitars, keyboards, and vocals 
on-hand and easily accessible in 
a dedicated space.

Purpose-Built Home Studio
This space is a purpose-built, 
acoustically-treated and 
soundproofed environment.  

This user has dedicated an entire 
room of their house to build a 
custom home studio.

This space often includes a 
separate control room with 
a mixing console, DAW, and 
multiple racks of outboard 
gear connected to a live room 
to record instruments, guitar 
amps, and even drums.  This 
setup is as  can yield professional 
results without the need for a 
commercial recording studio.

Home Office
This a semi-permanent setup 
that is sharing a secondary space 
in the home, most likely a home 
office, den, or computer room.  

This type of user has some 
external gear, likely including 
audio interfaces, keyboards, and 
microphones.  This type of studio 
is popular with hip-hop artists 
and singer-songwriters.

The computer is used for more 
than just creating music, and 
other components can be pulled 
out or put away as required.  The 
desk is also multi-purpose.

Mobile Studio
This is a laptop-based DAW 
(Digital Audio Workstation) 
studio.  This user has a minimal 
amount of external equipment, 
and all of it is portable.

This type of setup doesn’t 
occupy a permanent space, 
rather the user sets-up and tears 
down their “studio” as needed.  

This setup is most popular with 
electronic musicians and DJs 
who are mostly working within 
software and almost never with 
live instruments or microphones.
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TECHNOLOGY ANALYSIS

Piezoelectric/Ultrasonic

Record-cutting technology in use since  
 the 1930s

A heated cutting stylus translates   
 amplified analog vibrations into physical  
 grooves on a vinyl or acetate disc

The resulting record can be played back  
 by any turntable

1970’s technology 
Used to create quadraphonic records
Specialized cutting equipment and amps  

 could produce a record with frequency  
 response up to 45 kHz2

Requires CD-4 compatible turntable to  
 play back the signal properly

The piezoelectric principle to   
 transform an electrical signal into   
 mechanical vibration 

An ultrasonic generator feeds a signal  
 to a booster and converter, which act as a  
 hammer against the cutting tool1

Untested for cutting records

Developed to reduce the heat and strain  
 on the cutting stylus when reproducing  
 high-frequency content

Source recording is slowed down and cut  
 at half-speed

Upper frequency limit is reduced to 10 kHz  
 and the cutting stylus works 50% as hard3

Used experimentally by MIT researcher to  
 cut “digital” records

An analog signal is converted to digital  
 3D data and is either burned with a laser or  
 printed in layers

Limited resolution results in a groove 10x  
 larger than a traditional record

Compatible Discrete 4

Lathe Cut

Half-Speed Mastering

Laser Cutting/3D Printing

SPEED

SOUND QUALITY EASE OF USE

FEASIBILITY AFFORDABILITY

MAINTENANCEREPEATABILITY

In order to identify the most suitable record-cuting technology to incorporate into the 
project, five possible technologies were researched and compared in terms of benefit to 
the record-cutting process and their effect and relevance to the defined user needs and 
intended experience.

The resulting polar chart ranks each technology’s key attributes from 0-5, and the results 
are visually overlaid to directly compare score as well distributed strengths and weaknesses 
between technologies. 

1. http://www.artcotools.com/sonofile-ultrasonic-cutting-systems/
2. http://www.4channelsound.com/cd-4.htm
3. http://www.lathetrolls.com/viewtopic.php?f=15&t=4350
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PRODUCT ANALYSIS

The turntable, or record player, is the definitive piece of technology associated with vinyl 
records, as well as music culture in general from the 1960s to 1980s.  While there are 
hundreds of different models available with unique features, there are only actually two 
types of turntables: direct-drive and belt-driven.

Belt-Drive vs. Direct-Drive
The classic consumer turntable is belt-driven.  The main reason for this is that moving the 
motor away from the platter and connecting it with a belt reduces noise and vibrations, 
resulting in quieter operation.  This is desirable for most users; historically, the majority of 
turntables on the market were and continue to be belt-driven. 

Direct-drive turntables are favoured by DJs for their greater precision and increased 
durability.  This type of turntable features a motor mounted directly beneath the platter, 
allowing for much greater torque.  This results in more accurate speed and pitch control, 
and also makes it possible for DJs to scratch and cue records.

Technics SL-1200
The most famous direct-drive turntable is the Technics SL-1200, manufactured from 1972 
until 2010.  While widely known as the quintessential DJ turntable, this model is also the 
basis of the Vinylrecorder T560 as shown on pages 30-31.  

As all lathes require a rotating platter, I decided to disassemble and analyze the 
components and design of this turntable to inform the mechanical design of my project.  
I modeled all of the major components in Solidworks to create a digital reference, and 
subsequently decided to use this motor as a starting point for my design as it is readily 
available and provides the ideal speed and torque for this application.  

355

405

127
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PART 5

STRATEGY
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DESIGN OPPORTUNITY

What?
The goal of this project is to recapture value in recorded music by empowering 
independent musicians to produce their own vinyl records at home – simply, affordably, and 
in any quantity, without relying on the services of an external vendor.

This is the new technological revolution: adapting technology that was previously too 
complicated, too large, or too expensive to own, and making it available to and usable by 
the average person.

Why?
Vinyl records are extremely popular again and consumers are willing and eager to purchase 
them.  However, a minimum order of at least 1,000 units is required for vinyl pressing to be 
affordable.  This solution doesn’t meet the needs of up-and-coming independent artists 
who have a growing fan base, but can’t commit to ordering 1,000 units; artists who want 
to produce special or limited editions of their work; or for anyone who needs vinyl records 
faster and more affordably than what record pressing plants can offer.  

Additionally, if independent musicians could create their own vinyl records without 
depending on a record label or vinyl pressing plant, they could retain all of the revenue 
from each record they sell.  This concept contrasts most record deals, whereby artists only 
receive a small percentage of total sales in the form of artist royalties.  Many musicians, even 
some with record deals, have a full-time day job in order to support themselves, and can 
only devote their time on evenings and weekends to making music.  If independent artists 
were able to earn some additional income from record sales, they would be able to devote 
more time to their craft and continue making music in the future, which is of benefit to the 
quality of culture and society as a whole.  

The technology to execute this project is proven and available: custom cutting lathes have 
been built that can cut real vinyl records in real-time, but the process is antiquated and has 
yet to be commercialized into a modern, user-friendly consumer format.

The demand is real: vinyl record pressing plants are operating above capacity and some 
aren’t taking new orders; new pressing plants are being built and old vinyl presses are 
being recomissioned; and there is a very high demand for vinyl records from record labels, 
independent artists, and music fans alike.

How?
This project will consider in equal parts: the physical product design, user experience 
design, and development of a service design model in order to consider the viability of the 
proposed solution.  Design methods including: user-centered design, design thinking, and 
lean UX will be used to guide the development of the project throughout its discrete stages.  

Participants from the identified user groups, as well as industry experts, will be consulted 
throughout the course of the project for feedback and input in order to validate the design 
and arrive at an effective, innovative, and appropriate answer to the users’ needs.  

PHYSICAL
PRODUCT

SERVICE
DESIGN

USER
EXPERIENCE
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GOALS & WISHES

Topic Statement
The rise of digital distribution and streaming has changed the face of the music industry, and 
has made it more difficult than ever before for artists to earn money from their recordings.  
However, the renewed popularity of vinyl records has shown that consumers are willing 
to pay for music in the right format.  Unfortunately, the high set-up cost, minimum order 
of approximately 1,000 units, and slow turnaround time of vinyl pressing excludes many 
independent artists who wish to release their music on vinyl in more limited quantitites.

How might we help independent musicians produce vinyl records 
at home?

Goals

How might we develop a solution that is effective for producing 1 - 100 records? 

How might we consider the UX and business model as well as the product design? 

How might we automate or streamline the cutting process as much as possible? 

How might we interactively guide users through each step of the cutting process? 

How might we preview the final result visually and audibly before cutting a record?
 
 
Wishes

How might we make artwork and packaging accessible and affordable to the user? 

How might we add additional value and uniqueness to the resulting record? 

How might we foster creativity and discovery within the independent music community?

STUDIO
RECORDING MIXING DIGITAL

MASTERING
PROPOSED
PROJECT

VINYL 
RECORD
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Primary Users: Indie Musicians

20-35 years old 

Low disposable income 

Want to share their music with the world 

Vinyl records are a source of income, cultural icon, and experience 

Need to make enough money in order to support their craft part-time

Secondary Users: Engineers & Producers

30-50 years old 

Some disposable income 

Want unique music gear to create new sounds 

Vinyl records are an effect and component of the signal chain 

Need to keep costs down to stay on budget for project

Tertiary Users: Record Collectors & Music Fans

25-50 years old 

High disposable income 

Want the best listening experience possible 

Vinyl records are part of a collection and a tangible artifact and a connection to art 

Cost is not a high priority

TARGET MARKET
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INSPIRATION & DESIGN PRINCIPLES

HONEST 
MATERIALS

TEXTURE AND 
PATTERN

MECHANICAL 
DETAIL

PLAYFUL
COLOUR

SIMPLE
SHAPES
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PART 6

DESIGN
PROCESS
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INITIAL SKETCH EXPLORATION
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SACRIFICIAL CONCEPTS
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CONCEPT EXPLORATION
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REFINED CONCEPTS AND FEEDBACK

THIS IS A GOOD 
BLEND OF MUSIC & 

MAKER

THE TEAL GREEN IS 
REALLY POPULAR 

RIGHT NOW

WOOD LOOKS VERY 
PRO STUDIO

TRACK INFO ON 
THE TOUCH SCREEN 

WOULD BE IDEAL

SAVING SPACE IS KEY 
IN A HOME STUDIO

MATTE BLACK WITH 
WOOD IS MY FIRST 

CHOICE
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CONCEPT EVOLUTION

Combined Direction
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DETAIL SKETCHING
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FINAL CONCEPT DIRECTION

The final concept was chosen based on extensive concept exploration and feedback from 
users, which helped to shape the overall design process as well as the result.  The goal of 
the final concept was to include the key features and needs identified during the Analysis 
phase, and to develop an iconic and user-friendly solution designed for the home studio 
environment.

Final detailing and CMF options will be decided in the final development phase, working 
primarily in CAD.
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Vinyl records are incredibly popular, but they’re slow and expensive 
to produce.  This makes it especially difficult for up-and-coming 
artists to release their music on vinyl.  CARBON is a desktop record-
cutting lathe that lets you create your own vinyl records in any 
quantity, and in real-time.

CARBON puts custom vinyl records within reach of independent 
musicians, DJs, and music lovers, and helps them share their music 
with the world in a tangible format.

CARBON uses a diamond cutting stylus to cut blank vinyl discs into 
custom records as easily as burning a CD with the Carbon Cut web 
app.

For the first time, CARBON lets musicians and makers own the 
record-making process, and opens up new possiblities for artists to 
experiment and push the boundaries of vinyl records.  

  

CA R BON
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CARBON features an integrated vacuum system to remove scrap vinyl waste generated 
during the cutting process.  The vacuum bin is transparent so the user can immediately see 
when it needs emptying, and it simply slides out from the back of CARBON’s main body.

FEATURES AND DETAILS

The rear panel includes all of CARBON’s physical connections.  A USB OUT port allows the 
user to connect CARBON to a computer or other device when WiFi is unavailable.  

The I/O port allows for the connection of an analog breakout-box, which allows advanced 
users to bypass all digital inputs and signal processing in favour of a fully-analog workflow.  
A raised physical on/off switch makes it easy for the user to locate and press without 
searching for it.

CARBON is simple by design.  All of CARBON’s mechanical details are hidden on the inside 
to focus on what matters most: the music.  CARBON is controlled through the Carbon Cut 
web app, and syncs via WiFi Direct or USB.  

An optional analog break-out box allows pro users to bypass the digital audio processing 
and connect an analog audio source directly to CARBON’s cutter-head.

The neutral colour scheme with a flash of bright colour on the aluminum frame and cutter-
head is designed to balance CARBON’s position between a consumer and professional 
product by styling it to be fun, exciting, smart, and simple.

The wave pattern on the black rail cover is not only decorative: it mimics the shape of record 
grooves under a microscope, and reinforces the key action area of the machine.
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CARBON is designed to be as compact as possible.  One thing all musicians, DJs, 
and record collectors have in common is that space is at a premium.  CARBON has 
approximately the same footprint as a laptop computer, and occupies approximately the 
same vertical space as well.  CARBON’s aluminum chassis and shock-absorbing feet ensure 
that it is sturdy enough to use in almost any environment while remaining isolated and 
vibration-free.
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The Carbon Cut web app is accessed at www.carbon.io and syncs with CARBON over 
WiFi direct.  The use of a web app eliminates compatibility issues between devices and 
operating systems, making it faster and easier for the user to start cutting records.

The interface is simple, minimal, and intuitive.  The user begins by signing-in to the web app 
and creating a new file: a dialog box prompts the user to select a record size and material 
type.  From there, the user has access to the Carbon Cut UI.  A control panel on the left 
allows them to select which side of the record to cut, the record speed, and sound quality.  
A playlist allows the user to upload audio files from their device to cut, and a green or red 
light provides feedback on whether or not the file is suitable to cut.  The uploaded files 
appear on the face of the record in the preview window as concentric bands of varying 
widths according the track length.  This gives the user an accurate visual preview of what 
the finished record will look like once it is cut. 

The Machine Connect tab allows the user to view the status of CARBON, including the WiFi  
network settings and connection quality, total number of minutes cut on the machine, and 
the status of consumable parts, such as the diamond stylus in the cutting head.  

The preview pane in the lower section of the screen shows a waveform view of the selected 
track; clicking the Audio Processing tab will bring up a mixer window with adjustable 
parameters to fine-tune the file for optimal cutting.  An AUTO button allows Carbon Cut to 
intelligently optimize the file for less-advanced users.

Finally, clicking the Cut To Vinyl button will send the playlist to CARBON over WiFi and 
begin cutting the files in real-time.

The SHOP tab in the app’s menu bar allows users to order replacement styluses and blank 
vinyl discs directly from the CARBON website.

CARBON CUT APP
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The cutter-head is the centerpiece of CARBON’s design.  It is driven by two 
electromagnetic coils mounted at 45 degrees from one another: one for the left channel, 
and one for the right channel.  These coils vibrate like a loudspeaker, and transfer the 
vibration to a diamond stylus mounted in between them, which vibrates microscopically 
and physically cuts the surface of the blank vinyl disc to create a record.  The coils are 
mounted in an aluminum frame along with the other components of the cutter-head.

The cutter-head is mounted on a U-shaped bracket that provides clearance between the 
rail cover and the CNC rail assembly.  The bracket is mounted to a piezo-driven vertical sled, 
which allows the cutter-head to move up and down so that records can be placed on and 
removed from the machine without interference.  

The cutter-head assembly is driven by a stepper motor and lead screw on a CNC rail system 
for precise timing and speed control.  The cutter-head moves laterally across the face of the 
record, from the outside to the inside, in real-time as the record is cut.

Over time, the stylus will be come dull, so the entire stylus assembly (shown in white with 
CARBON branding) is easily removable and replaceable by the user, much like a printer’s 
ink cartridge.

A small camera mounted on the front of the cutter-head broadcasts to the Carbon Cut app, 
making it easy to monitor the cutting process remotely.  This allows the user to ensure the 
system is working properly, the vacuum is removing the scrap vinyl, and that the groove 
looks correct without getting too close to the machine while it is cutting.

An RGB LED ring on the camera assembly alerts the user to the status of the machine, and 
serves as a power, status, and warning light.

A vacuum nozzle is mounted directly behind the cutting stylus to remove scrap vinyl as it is 
cut from the disc.  The nozzle is connected by a flexible tube to the vacuum bin on the rear 
side of the machine.

CUTTER-HEAD DETAILS
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CARBON is simple by design but there’s much more to it than meets the eye.  All of the 
mechanical components are elegantly hidden to keep the user’s focus on what matters 
most: the music.

The power amp, digital-to-analog converter, CNC machine control, platter motor, 
transformer, fan system, and shock-absorbing feet mount to CARBON’s main body from 
underneath.  The black outer frame can easily be removed to access the components.

The stepper-motor assembly, vertical motion sled, cutter-head assembly, and vacuum 
system are mounted to CARBON’s aluminum frame and hidden behind the black CNC-cut 
rail cover.
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CONCLUSIONS & REFLECTIONS

Process
When tasked with a project of this scale and complexity, my first step was to establish a 
realistic timeline and work-back schedule in order to create an overview for the project, set 
smaller goals and checkpoints, and manage my time effectively.  

The addition of tutoring checkpoints throughout the project helped to keep the project 
moving; although, at times it was difficult to move forward in anticipation of an upcoming 
tutoring session, which could change the direction of the project.

I divided the project into smaller phases and set hard deadlines for specific parts of the 
project, such as finishing the research phase, finishing CAD, releasing files for milling, etc. 
but the reality is always different from the planned outcome, and as such I had to adjust my 
schedule to compensate over the course of the project.  

Methods
The main design method used on this project was user-centered design.  It was critical to 
speak with actual users as well as technology and industry experts in order to develop a 
realistic and desirable product, and the only way to accomplish that was with a hands-on 
field research trip, and I’m thankful that I had the opportunity to do so.  

One of the key decisions I made that is largely responsible for the success of the project 
was the inclusion of an external tutor whom I could consult with as needed throughout 
the project.  Being able to share ideas and simply have someone to consult with when I 
got stuck on a specific problem or detail helped the project move forward much more 
smoothly, and also reduced my personal bias towards the result, which is always a challenge 
when working independently.

I consulted my user group throughout the course of the project and at key junctures for 
specific feedback on concepts and directions, which once again helped to reduce bias and 
also ensured that the solution being developed was appropriate for the target market.  

Result
Overall, I am satisfied with the result I achieved on this project.  In my design brief, I sought 
to consider the physical product, service design, and user experience in equal parts.  I 
planned to do this by showing support material including a website, narrated video, and 
additional print graphics and media.  

Unfortunately, I was unsuccessful in accomplishing this goal.  Due entirely to time pressure, 
I was only able to fully realize the physical product.  While the user experience and service 
design aspects were completely designed and mapped out in post-it notes and journey 
maps, they were unrealized as a final design. 

Learning Outcome
While my initial intent was to develop a project that would combine product design and 
interaction design in equal parts, the result was much closer to a traditional product design 
project.  I believe this is due to my skill set, time frame, feedback from tutoring sessions, and 
available resources.  As such, the result was appropriate to the expected outcome of the 
project, but for my own interests I had intended to take the project in a different direction.  
Of course there is the opportunity to pursue this further in the future if I so decide.

I am confident that I learned a great deal over the course of the project, specifically in 
terms of research, user experience, and CMF.  At the same time many aspects were purely 
exercises at this point, such as: CAD design in Solidworks, making the physical model, 
and delivering the final presentation.  Over the course of my industrial design education 
I have completed these types of tasks so many times that they felt more labourious than 
educational, but are still certainly a necessary component to the project.

I think it would have been beneficial to have the time to “learn” and make mistakes over the 
course of the project, but due to time constraints it felt necessary to often make the safer 
decision and keep moving forward.  However, in hindsight, I also feel that there was more 
time in certain stages of the project, specifically the beginning, that I could have optimized 
to do more exploratory work while I had the opportunity.  

Feedback
Overall, the feedback I received on the project was positive.  I feel that the project was 
successful in the eyes of Advanced Product Design and Umeå University, and I received 
positive feedback from tutors, staff, and my peers.

I also received positive feedback from my user group on the final result, although I found 
that for some users it was difficult for them to articulate their feeling towards the product 
without being able to physically see it, touch it, or interact with it, as I was only able to share 
digital files.

An unexpected point of feedback in regard to the styling of the final result was that it 
reminded certain people of 1950’s/1960’s appliances.  This was wholly unintentional, but it’s 
an interesting point and proves that people will often form their own opinion or draw from 
their own experiences when assessing something new.
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Red Turntable: 
http://www.goodwp.com/images/201210/goodwp.com_24611.jpg

Scully Lathe: 
http://www.preservationsound.com/wp-content/uploads/2012/03/Scully_601_lathe.jpg

Searching Records: 
http://41.media.tumblr.com/f52a83a1c5ba429c74e632bcc802d852/tumblr_mn7xdrlBVk1rk4c8ho1_1280.jpg

Smash: 
https://img0.etsystatic.com/000/0/5845158/il_fullxfull.299238000.jpg

Turntables: 
http://asset-d.soup.io/asset/3861/5564_d2c0.jpeg

United Capacity: 
http://wp-images.emusic.com/assets/2015/01/United_Gatefold_Web_Large.jpg

United Nashville: 
http://i.imgur.com/DLwqkpB.jpg?1

United Nashville B&W: 
http://nextcity.org/images/made/NEXTCITY_JGNP-NASHVILLE-UnitedRecordPressing-9073_1200_800_80.JPG

Vinyl Recorder 1: 
http://www.soundonsound.com/newspix/image/vinylrecorder.jpg

Vinyl Recorder 2: 
http://static-cms.sonar.es/sonarMultiedicio/uploads/images/i/m/g/IMG_0008.jpg

Vinyl Recorder 3: 
http://fr.audiofanzine.com/produit-dj-divers/no-name/Lot-de-vinyls/medias/photos/a.play,m.139093.html
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