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Abstract

This studyexaminesthe use of resonance speaker technology in an acogsiiar
body. A resonance speakean be used twibrate the body of the guitar much in the same way
playing the strings vibrate the guitar and can theretmeeused to adcudio effectssuch as
delayand even play back recorded guitar audio with the use of a loopl pédaing for
expansive multi-layered melodies to be projected from one guifBinis document outlines
how current products use this technology well as documenting tleeaton ofa new and
innovative way to approach this technology and add extensive functionality to the humble
acoustic guitar.
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1 Introduction

Playing a musical instrument is one of the most common pastimes across the world
with the guitarone of the most popular instruments to play. A recent study conducted in the
United Kingdom found 76% of childremNorthern Ireland for example play an instrument
(Royal Academy of Musi2014).The acoustic guitar has remained relatively unchanged in
functionality for decades and following the introduction of the solid body electric guitar in the
mid-20th century, it too has remained faithful to its early prototypes. While there are of
course exceptions, acoustiguitars are often fitted with digitaluners and pickups for
example, and electric guitars can be found with a wide variety of electrical components
installed. However, new innovatiomsthe field are often rejected due to traditionalist values
and can come with serious ramifications. In a nafamous report by the Washington Post,
entitled “The Death of The Electric Guitar?”,
| at est Il nnovat i onGibson spbnd mdrecthan aideeadesand ntilliores tof “
dollars developingand when they became a standard feature on their guitarales dropped
so dramatically, as players and collectors questioned the added cost and value, that Gibson
told dealers to slash prices.( Was hi ngt on Post, 2017) .

This project aims to incorporateesonance speaker technology into an acoustic guitar
allowing the playing to use standard effects pedals without the need for a traditional
amplifier. This allows a player to create a huge array of unique sounds without the need for
mains powerThe projetinvolves the fabrication of a delay and amplifier circuit allowing the
user to play acoustic guitar with reverb and delay without any other equipment and will run
on a 9V battery, requiring only one stereo cable to interface the guitar with the circuitry
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2 Research Chapter
2.1 Introduction

Thischapteraims to investigate the technologies needed to make this prdgasible
In addition, it is also an aim to research guitar accessories that have been introduced to both
positive and negative fanfat@nd theorise why this may be the case. A supplementary aim is
also to investigate how this project could become a mainstream product used by acoustic
guitar players to enhance their sound and playing experience.

2.2 Area of Research
2.2.1 Resonance Speaker

The idea of a resonance or vibratispeaker is quitesimple. By vibrating a material,
the material acts as thdiaphragmof the speaker, altering the sound to varying degrees due
to its own inherent resonant characteristi¢d he solid grface will vibrate with the speaker,
displacing air molecules around it. Just as with any other sound, your ear detects the
movements of the colliding air molecules. Some materials reverberate better than ethers
not all solids are created equal. In geal, glass and wood tend to work best with vibration
& LIS | (HOWSiu&orks, 2012)The idea can be used in a number of situations and in
certain conditions can prove beneficial due to the piece of hardware being significantly
smaller than the speaket intends toreplace. This is due to the fact there is no large
additional diaphragm membrane needed to drive the sound. These properties can of course
have extreme effects on the sound. If the speaker was placed on a stastdedsountertop
for example it would incorporate resonance characteristics of that material and may act
similarly to a plate reverb effect, whether that was the desiediéct or not.

Re®nancespeakers can be seen in numerous devices today. One good example is the mobile
phone.As phones move towards higher screenbody ratios, (the surface area covered by

screen in relation to the surface area covered by housing and components on the front of a
phone), there is less room for speakers and more importantly less room for spgalkeon

the front of phones for calls. This has led companies such as LG to move towards resonance
technologies with the glass screen acting as a pseudo speaker membrane. It is important to
note that LG s i mpl ement at iyepacewithinaphongasea i n t
resonance chambefirstly before vibrating the phone. The need for this innovation was

outl i ned Assmaftphdné dispiays get'bigger, brighter and more colourful, their
speakers should get better too, right? Unfortuebt, as the casings get thinner and the

batteries larger, space for high quality speakers has seemingly been sacrifcadG Maga z i n
2018)

-~

-

Figure 1: Promotional Material for LG G7 ThinQ (LG Magazine, 2018)
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2.2.2 Guitar Effects

Guitar effects units aresed by guitarists and sound engineers to alter the output of
a guitarin all manners of ways. In the early days of guitar amplification and electrification,
guitarists,and engineers such as Les Paul were attempting to create an authentic, clean
reproducton of their guitars sound. However, over time the natural distortion of valve
amplifiers and other effects began to becomm®re sought after than avoided

” From the earliest days of recording, musicians and engineers strove to eliminate distortion,
whichwas Vvi ewed aButsonte amcovatve musidians railed against that smooth
sound and crafted methods to incorporate tho
as bold new musical colours and tutom"tDigces t h:
Makers, 2016).

While effects units are more traditionally paired with electric guitars, acoustic guitar players
often use effects pedals to add to their sound. Effects pedadsised more commonlyith
an electric guitar for various reasans

1 Acoustic guitars project sound acoustically far more efficiently than electric guitars
and therefore theacoustic sound can be heard in tandem with the processed sound
to varying degrees depending on the lewé#lamplification. This makes distortion
pedals less pronounced when used in small venues, for example, as the clean acoustic
sound can also be heard.

1 Another issue with effects pedals and acoustic guitars is the acogsitars
increased tendency to induce feedback, amplified greatly when using distortion or
boost pedalsFeedback refers to the positive loop gain that can occur when a sound
loop exist between the input and output audio.

1 Acoustic guitars are hyature acoustic. Many players do not incorporate an
amplifier into their playing whether due to convenience, keeping the volume to a
minimum or a lack of access to mains power. Without theafsan amp, it is not
usually possible to incorporate effects into your sound.

Some common effects used for acoustic guitar are: Reverb, delay, chorus, tremolo, phaser,
flanger, EQ and loop pedals. Many of these effects work well with acoustic guitansskeca
they are designed to be used with a partially dry signal, even when an electric guitar is used.
It is intended to hear the dry (unprocessed) audio as well as the wet (processed audio) in
many cases. With a delay pedal, for example, you typically teadty signal and then a
fraction of a second later you hear that same audio repeated while slowly decaying, with
reverb acting similarly. Chorus and other modulation effects (flanger, phaser and tremolo) are
often heard with a relatively high amount ofydsignal, making them more suited to acoustic
guitar playing. Many of these effects, such as revedday,and chorus, aim to mimic real
world acoustic phenomena makinfpem a better fit for acoustic instruments. Using a
software environment called LTspicsimulations were carried out on the effect of a
distortion unit on acoustic guitar audio recorded with the guitar used for the project and will
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be examined in detaih the Testing and Resulish a pt e r . High pedornamrce $P$CEa “
simulation safware, schematic capture and waveform viewer with enhancements and models
for easing the simulation of analog circuitfl. Tspice, 2020). LTspice allows for schematics of
circuits to be created and simulated, giving the user the ability to run a widetyarfi¢ests
involving audio, power consumption and more.

2.2.3 Guitar Peripherals and Innovation in dedernDay (Robot Tuners)

Guitar modifications have always been received with scepticism in the music world.
Guitaristsare generally traditionalists, with analogue effects and vintage guitars held in high
regard. At the time of their introduction, these advancements were ofteringad poorlyas
mentionedearlier in relation to distortion Early guitar pickups and amplifievere designed
for guitar players, largeljpzz playerst the time,but did not give the authentic clean sound
the musicians were looking for. However, in firesent day these technologies, such as valve
amps, P9@&nd PAF (Patent Applied For, an early model of humbucking pickup used in Gibson
guitars in the 1950"s and early Iré&vé&ddfos) pi c
their unique characteristi; ever if they are simply a fmpyoduct of the limitations othat
time.

Many modernday modifications are met with similar scepticism, with Gibson facing huge
backl ash and financial | osses in theigmjd 201
most notably the introduction of “rRakdlhet Tune
tuning process, whether changing tuning altogether or getting the strings back into tune,
completely automated. These guitars sold poorly Brdame a contentios issue in the guitar

and music retail world.

“It made its Gibson debut in 2007, but only in 2015 did it become a standard component in

t he companlyt’ sdigduni’ttarsst.i c k . Pl ay er-somplicatehd G F
and a little wonky; mangven paid to remove the system from their-sixings. And so, the
system was gradually dropped over the years
models” ( Gui tar, 2018)

Figure 2: The G Force Tuning System (Guitar,2018)
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2.2.4 Acoustic Guitar Picku

Acoustic guitar pickups are of course a great example of an exception to the rule
outlined previously of rejection of innovation in the guitar world. While it was a slow and
gradual introduction into the mainstream and many acoustic guitars still docaotain a
pickup of any kind, acoustic guitar pickups have become a widespread commodity for many
guitar playersThere are numerous types atoustic guitar pickups.

Under-saddle pickups
Undersaddle pickups are a common form of acoustic pickup which involves placing a long
piezo transducer pickup wire under the bridge (where the string meets the body of the guitar).

G¢KS LI FOSYSyild 2F GKS LIAO1dzZLd 2y GKS Ay aid NHzY S
to those vibrations and how well it works in different situations. Undersaddle pickups are very

close to the strings, so they do a good job picking up soundtfrerstrings itself. The sound

GKSe@ LINPRdzOS A& 2FiSYy RSAONAOGSR Fa GaoNRIKOGZE
playing in highvolume situations and need the sound of your guitar to cut through other

Ay aidNHzy Sy i &&K; 30P0) y2AaSdé

These pikups capture the sound of the strings predominantly, but some percussive elements
can be captured if the guitar is struck near the pickup. These pickups do not give the most
authentic sound as they do not capture the resonance of the guitar body itselfreneffect

it has on the acoustic output.

Contact Pickups

Contact pickups are similar to undsaddle pickups. They are piezo pickups usually attached
to the guitar body typically inside the sounbole but can beattached externally, using
adhesiveor suction cups. In relation to the difference between their undaddle and contact

pi ckups, a#uBaKismotedhangust'strings. The difference between a $50 guitar and
a $5000 is in the body, the materials used, and the craftsmanskipd undesaddle pickups

are really not capable of doing the complete sound of a guitar justic&K, 2020).

The advantage to thegaickups is that thewlso capture the resonant sound within the body
of the guitar if attached appropriately. This can also leadetxback, however, so can be
problematic in loud environments such as large concerts.

Magnetic Coil Pickups

These pickups are similar to traditional electric guitar pickups and are usually mounted across
the soundhole. They can be installed with a jamkthe wire can remain external, meaning no
modification is needed in the case of a guitar with no-preésting pickup. These pickups are
usually single coil, similar to those found in Stratocasgpe guitars, which can lead to
feedback and agersistent50/60 Hz humassociated with interference from mains power.
“These (along with piezo pickups) are the most common types of acoustic guitar pickups you
will see out in the wild, largely because they can be easily added to any acoustic guitar, even
ifitddnot begin its-eliefce ra’s(”atmmoi‘tdegtjoauys,t i2019) .
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Microphone-Paired Pickups

These pickups usually incorporate one of the previously mentioned pickup types with a small
microphone and preamp embedded in the guitar itself and allawste two pickup types to

be blended to create the desired sound and combat issues such as feedback. Microphone
paired pi c hvergegangg iofvtanes available to the player, depending on the
applicatiof  atnhde “ mi acande taroed down ifeedback is an issue.( St ri ngj oy
2019).

2.3 Applications

Guitar effects and amplification in general are used in a wide range of cases. While they
are often used when practicing the instrument, they can be key in live environments such as
concerts. This may be to recreate a sound heard on a record or just &tecee more
interesting sound for the audience that is better fitted to the sound being performed. Reverb,
delay and chorus are of big importance to this project in particular, as they are some of the
most commonly used effects in acoustic guitar signaircha

This project aims to create a product that could be used not only for practicing but also for
small concerts and music sessions where traditional amplification may not be welcome or
needed. The project aims to create a platform for acoustic gultargrs to add depth to their
sound without the need for a heavy amplifier. The project strives to allow players to also
incorporate loop pedals into the signal chain, allowing a guitarist to accompany themselves
without an amplifier. This is again good &mall venues but also for practicing where loud
volume may be an issue, where it may be too tedious to set up an amplifier, or where you
may be practicing away from mains power or away from your amp, such as outdoors or simply
in a different room in youhouse. By allowing for the use of a loop pedal, the system does
allow for the guitar to be minimally louder than without it, but its main focus is on
incorporating effects processing and looping with the potential for addition volume as an
added bonus fothose performing in small venues where it may be appreciated.
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2.4 Requirements
2.4.1 Similar products

Tonewood Amp
The Tonewood amp is a peripheral that can be purchased for $250 for acoustic guitars.
According to Tonewood, the systama“revolutionary device that uses an acoustic guitar's
own body and sourihole to create a range of enhancement effed¢i® amp. No cables. No
effects pedals. And yet, all the same benefits! ( Tonewo o d, 2015). The u
effects (chorus, reverb andelay for example). It initially shipped with a distortion effect but
was subsequently replaced due to poor reception. The package itself has been received
extremely well but has a few limitations:

It can only be used on guitars with a peristingpickup

It can only be used on guitars with a flack.

It runs on 3 AA batteries which is uncommon for gugquipment.

It protrudes out from theback of theguitar.

Because there are no pedals for effects, effects must be changed manually by hand
making it mpractical to change effects during or betweperformances.

It is not designed to be used with traditional guitHfects.

It is relatively expensive &250.

= =4 -8 -4 -9

= =

YamahaTransAcoustic
The Yamaha TransAcoustic guitaa iguitar with a buiin pickup and a system similar
to that provided by Tonewood Ampl.has simple effects processing (reverb and chorus) and
an actuator that vibrates the guitar and the air inside th&¥to create rich sounding effects.
Yamaha’s promotional materi al states the ffol
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GCKSNBEQa y20KAYy3a 42 AYaLANRY3I clitinakedfyoudplay 3 3 dz
better, longer and with more creativity. The Yamaha TransAcoustic Gaitezates that

incredible experience without needing any external amplification or effects, just the guitar
AGaStTe LIQa GKS Y2a0G AyaLANAYyvamaba/ )y Ay 3 | C

The advantage of this system over the Tonewood Amp as tihhe system is completely
integrated into the guitar, with just three control knobs protruding from the guitar. The
system and the bu#in pickup all run off the same battery compartment using standard 9V
batteries and involves no cables. Tonewood a@lsam to need no cables but there is in fact
one cable needed to connect their system to the output of the guitar. The TransAcoustic does
have a few limitations however:

Limitedto built-in effects (reverb and chorus)
Cannot be installed in other guitaisimited product range meaning there may not
be a guitar that suits all players (No smaller scale length guitars for example or other
acoustic instruments such as acoustic bass or bouzouki)
1 Relatively expensive investment if the player already owns ansdicoguitar and is
buying this product just for its additiontdature (startingat $1200)
1T Effects can’t be controlled with a foot s
be quickly adjusted with the control knobs on the side of the guitar like ticawil
acoustic preamp controls

T
1

Ve

Figure 4. User changing effects controls on a TrnsAcoustic (Yamaha, 20

Resonance Speaker Technology 13 Sam Cox



2.4.2 Circuit building

This project mapppearsimple at a glance, but in order for the processed sound to be
audible a degree of amplification is needed. While not much amplification is needed for a
slight reverb or delay effect to be audible, if the user wants to use a loop pedal, for example,
the output volume must be similar to that of in the guitars acoustic volume. For this to be
successful, an amplifier circuit is needed but must be smailténasxd power consumptiorif
the amplifier circuit were too large it would detract from the ease of asd portability of
the product and it must also be able to run on batteries, whether that staamdard 9V
batteryused for most guitar related products or a more substantial portable battery like those
used for multieffects pedals.

2.4.3 Fabricatiorand installation

The project involves a level of fabrication that may prove difficult. The amplifier circuit
outlined above, would need an enclosure to be rugged and safe for transport. However, with
the ongoing restrictions a 3D printed enclosure, or taset wooden enclosure as initially
hoped, may not be possible, at least at this time. If this remains the case throughout the year,
a suitable replacement, whether sourced or fabricated, will have to be used instead. The
speaker circuitry, however, can lnestalled with limited tools and supplies, needing only 3M
adhesive and a soldering iron with good quality solder.

2.4.4 Understanding of the end user

This project requires a deep understanding of a wide variety of types of guitar players.
This rangesrbm beginners tgrofessiorals acoustic guitar players to electric guitar players
and any combination of these two parameters. This understanding is achieved through not
only playing guitar for numerous years and examining the market of already available
products and their reception but also through the testing, both formally and informally, on
fellow guitar players, online or in person, depending on restrictions

2.4.5 Desired Outcome

1 Userfriendly product

1 Expand the range of sounds an acoustic guitarpraduce.

1 Create a product which could be produced cheaply with no hidden costs: should not
require specialised peripherals, such as uncommon cables, batteries or effects pedals
that are not readily availablin good music store. Keep the product accessible to a
wide range oplayers.

1 Engaging and produce great sounds: It should feel like you have a-beangluitar.
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2.5 Conclusion

In conclusion, this chapter has investigated and outline what is availalikrms of
technologies and products, how they work and their unique advantages and disadvantages.
It has created a foundation to wofkom, in the design and developmenf this project and
hasillustrated potential issues and what is needed for the pcbje be deemed a success. As
the project continues to evolve, further research and testing will continue where necessary
and will be outlined in later chapters. This project aims to add crucial features to acoustic
guitars not currently available and wile unique to those already on the market. While it
aims to correct some of the disadvantages of available products, itatsagreate its own
limitations and will be tested thoroughly with this research used for comparison.
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3 Design

3.1 Introduction

This core concept of this project is incorporating resonance speaker technology into an
acoustic guitar body. This is achieved by outputtimgguitars signglusing an acoustic guitar
pickup, and amplifying the signal using external circuitry bettoeesignal is directed back into
the guitar. This resonates the body and produces any effect the user chooses to add or simply
amplifies the sound.

One key focus of this project is to create a project that is simple to operate without the need
for specialzed equipment such as cables and batteries that are not readily available in music
stores.User experience is fundamental to the success of this project and the project aims to
add as much functionality as possible while keeping the product relativeplestm operate

and reducing the number of potential issues by only including exactly what is needed for the
product to function optimally.

Another priority in relation to the product is for it to be removable. While the product
attachesto a guitar securdy with 3M tape, the product is removable and requires no
additional holes or modifications to be installed. This is crucial as it prevents guitars from
losing value should the user want to sell on their guitar as well as leaving the guitar intact
from a peservation perspective.
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3.2 Overview of the Design
3.2.1 Circuit Overview

The circuit itself can be split into a few main modules/components; the pickup,
preamp, effects unit/samplifier,and speaker. The block diagram below (Figt)rehows a
simplified circuit diagram containing these elements. The vibration caused by theagui’ s
resonancecausethe transducer pickup to vibrate. This mechanical energy is converted into
a weak electrical signal by the piezo crystals found in the pickup. That weak signal is amplified
to instrument level by the onboard Fishmen pickup systenat Bignal is then processed by
whatever effects units the user connects and then amplified by the amplifier circuit. That
signal then causes the resonance speaker inside the guitar to vibrate creating an audible
response.

NPUT OQUTPUT INPUT OUTPUT NPUT OUTPUT
V+ V+ V+ V+ V+
_ffp—] ¥
— V- V- V- V- V-
PIEZO —— v ;’F'émi <> | GUAR AMPLIFIER | <1~
TRANSDUCER " FX UNIT/S CIRCUIT
PICKUP
+
oo >
- RESONANCE
SPEAKER

Figureb: Block diagranshowing general circuit design.

3.2.2 Onboard Circuit Diagram

Several important modifications were needed inside the guitar for this project to be
possible. The guitar used, a Harley BentorT@fvel, did not originally come with a pickup
system (some magls are now equipped with a simple pickup system), so a pickup had to be
added. The Fishman Presys was chosen for this project. It consists of a piezo transducer pickup
that sits under the bridge of the guitar which requires a small hole to be drilleddbie
routing into the body. This pickup is then connected to the preamp system mounted in the
side of the guitar which conveniently houses the 9V battery as well (some units require a
second hole in the guitar to be cut for the battery compartment). Blgigem does not have
a power switch but instead opts to use a stereo jack as a sviitien the guitar player inserts
a standard mono guitar cable into the jack it bridges the ring and sleeve connections and turns
on the preamp circuit (see Figudg Thiss an ingenious andserfriendly solution but makes
this project far more complicated as it removes the use of the extra connection found in the
stereo jack that would be needed to send a return signal to the guitar and makes the use of a
stereo cable impossible(see Figurg).
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PICKUP Y+

PREAMP
GND

GND

SLEEVE I TIP
MONO CABLE

Figure6: Diagram shows both GND wires connect when a mono cable is used.

PICKUP  *

PREAMP
GND

GND

SLEEVE RING TIP

STEREO CABLE

Figure7: Diagram shows GND wires are not connect when a stereo cable is used. The preamp
would not operate

The solution to this problem was to connect bothdénnections from the preamp to the
common ground of the jack. This would cause the battery to drain quickly as the preamp
would be running constantly (see Fig@)e To solve this issue, one of theires had a switch

added to it simulate what would usually happen when the player inserts a mono jack (see
Figure9).
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PICKUP v+

PREAMP
GND

GND

IR\NGI
SLEEVE TIP
STEREO CABLE

Figure8: Diagram shows GND wires are connect and a stereo cable can be used.
The preamp would run constantly even without a leeskrted.

PICKUP V*

PREAMP
GND

GND

0 o—

| RING

SLEEVE TIP
STEREO CABLE

Figure9: Diagram shows GND wires are connect and the
ring connection on the jack can be used for the resonance speaker V+.
The preamp can be turned off using the switch.
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The final circuit for the onboard electronics can be seen below uréif. Note the stereo

jack is now acting as both an input and output jack with one the tip of the cable, traditionally
used as the left channel in stereo applications, used as the output from thampe That
signal is processed by outboard electronjeffects and amplification circuits) and is then
returned via the ring connection (traditionally the right channel), sending the processed signal
to the resonance speaker.

NPUT OUTPUT
V+

V+
| e

—— v, PICKUP ¥
TRANSDUCER PREAMP
PICKUP Ve V-

oo

— STEREO
JACK

)

RESONANCE
SPEAKER

Figurel0: Circuit diagram of onboard electronics.
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3.2.3 Effects UniDiagram

To demonstrate the possibilities this project opens up in terms of sound, a delay circuit
was added as a basic effect that can be used at the end of an effects chain of guitar pedals or
used independently. Delay was chosen as while it can produce rikertielay using smaller
time domains, it can also produce expansive delays which create a sound not usually possible
acoustically (except for in large rooms which can produce echo) wiutesounding
synthesized due to the simplicity of the effect. The effect repeats the audio input multiple
times with each repetitions volume lower than the last, known as decay. The time between
the repetitions, the mix between the unaltered signal anc throcessed signal and the
number of repetitions is all adjustable using potentiometers.

The delay circuit itself is based a PT2399 circuit that was used for initial testing. That PCB
was purchased on eBay and used initially as breadboarding sudugicitroduced excessive
feedback due to the nature of the circuit (eBay, 2021). It was also used as manufacturing the
final PCB can take some time due to shipping delays. With extensive testing of this circuit, a
revised PCB was created in Eaggld sento Seeed Studios for manufacture.
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Figurell: Delay PCEBreated in Eagleendered using FusidstO.
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The circuit can be powered from a single 9V battery. That 9V power supply is then stepped
down to 5V using a 5V regulator (78L05) which in usgmbwer the PT2399 delay processor
(Pin 1) as well as the TLO72-amp. Pin 2 of the PT2399 is the reference voltage pin which is
used to set the reference voltage at 2.5V through the use of internal resistors
(Electrosmash,2018). Pin 6 is used to corttreldelay time by using a potentiometer (VRS3).
This pin measures 2.5V constantly with the potentiometer directly effecting the current,
controlling the delay time. The feedback (number of repetitions) is controlled using VR1 which
connects input signal ahthe processors two low pass filters. VR2 is used to adjust the mix
(clean input signal/processed signal ratio). The TLO72 is used as its éarapgprovide two
independent buffer circuits for the input and output signals.
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Figurel2: Delaycircuit completed in Eagle
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3.2.4 Amplifier CircuiCircuit Diagram

The amplifier circuit is based around the TDA7297 IC. This is a atag@ifier with two

15W channels.While thisiICi s “specially designed for TV an
its design makes it a great choice for applications such as this where audio gsiality

paramount (ST,2003This Ithas a number of features built intoiitternallysuch ashort

circuit protection, staneby and mute functionsthermal overload protection and an

internally fixed gain. This means the circuit requires extrerfeslyexternal components

allowing for the finished circuit to remain compact especially in relation torotireuits

tested for this project including LM386 @mp and12AX7 valvebasedcircuits

This circuit can be run using a voltage supply of between 6 and 18V but for this parp¥se
power supply was implemented to allow it to run off the same posiguply as the delay
circuit. 9V gives the amplifier ample headroom while allowing the project to run off of one
standard 9V battery. This is helped further by the fact that only one of the two channels of
the amplifier are being utilized for this application.
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Figure 13Amplifier schematic created in Eagle.
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Figure 14: PCaesigned in Eagle and rendered in Fusén.
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3.2.5 Enclosure and 3D Fabrication Design

Using the PCB files created in Eagle as a temdtdl 3D enclosure was designed to
house the projed external elements. Adobe lllustrator was used for this purpose to design a
2D net of the 3D enclosure, allowing for the 6mm thickness of the plywood that would
ultimately be used to create the enclosurghis was done to create a uniquesign with
etching and precision cut jointghile also using wood to complement tia@pearance of any
acoustic instrument the project can be paired with and paying homage to gkleebased
ampswith a similar aesthetic such as the Fender Tweed Delladurtheremphasizehis
vintage look, a vintage inspired power switch with an LED indicator and adw&fwas used
for power andaged brass knobs with abalone inlays were used for the controls.

| | | — | |
| RESONANCE AMP | RESONANCE AMP |
MIX FEED DELAY VOL } [
a ™ I L
OO0 | O
1

J I — I 1 I |

[ R25esesi |

e e —| | N
— 1 — 1 L1

Figure 15illustrator file Redndicatescutlines blue indicats scorelines and black is used
for engraving.
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Figurel6: lllustrator cut filesvith colour added to aid witkisibility.

Figurel7: Front view of the odct with etched grill pattern
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Figurel8: Top down of unit turned aff
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Figurel9: Top down of unit turned on with LED oer indicator switch
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Figure2l: Back view with panel removed allowing access to batterycangponents
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Figure23: Right sde view showig effects loop in mo input (top amckternal speaker
output (bottom)
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Carrying handle consists of mono patch cable.
Remove patch cable to access effects loop.

Mono Jack
(Guitar Output)

Mono Jack
(Amplifier Input)

Stereo Jack
(Input/Output)

Mono Jack
(External Speaker Output)

Figure 24: 1/0 Configuration
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3.3 Conclusion

This project has been designed with a strong focus on user experience. Every detail
from its appearance, operation and installation is centred around the user first and solving
the issues that that may incur. This is evident in redesigning theimwhich the output jack
was modified, for example. There were many far simpler solutions to adding another
connection to the guitar such as adding another guitar jack or connecting the two wires used
for lead detection and letting the user remove thattery when the product was not in use.
These solutions would not be practical, or user friendly and so other solutions had to be tested
extensively and implemented. Using this approach, thetars original jack could be
repurposed by simply adding a pewswitch, a feature many users may want in the first place.

Other examples of how this project implemented a uiest approach would be its
determination to use readily available peri
standar d ¥Should it everfaillandyelyingksolely on 9V batteries which are used
extensively in guitar peripherals such as pedals. All these choices made the manufacturing of
this project more difficult due to limited grounding options regarding the stereo cable and
limited power supply regarding the 9V batteries, for example. While these choices could have
been overlooked in favour of simpler solutions, the user experience would have suffered and

was therefore not an option.

Resonance Speaker Technology 31 Sam Cox



4 Implementation

4.1 Introduction

This section outlines the construction of the project aitgl evolution from early
prototype to finished product. Many of the fundamental aspects are also documented in the
in the Design and Testing chapters as the final product and its dasegeiosely linked and
were ultimately directed through extensive testing. The project began with commercially
available circuits in order to test the projects feasibility and slowly transitioned to bespoke
hardware and a unique laseut enclosure.

4.2 Rototype 1

The very first prototype was feasibility prototype which involvedusing low power,
commercial products and connecting them to a modified acoustic guitar.

4.2.1 Process

The first stage of the fabrication process was modifying the guitaeguitar chosen
for this projectdid not originally come with a pickup installed and even models produced
today do not include a pramp module. This ultimately meant a pickup and-prep system
had to be installed. This step could be skipped if the guitedusready had a pramp
installed but a highlguality preamp with volume control is crucial to this project.

To install this pickup, a small hole was drilled to one side of bridge and this piezo sensor was

then placed below under the bridge. This invaliewing the action of the guitar due to the

increased height from the addition of the sensor. Action is a term used to describe the

di stance between the guitar’s strings and th
the instrument. This was cected by sanding the bottom of the bridge using fine sandpaper

on a flat surface, passing the bridge back and forth and checking the action regularly to ensure

the action was not lowered too much, causing the strings to buzz undesirably.

The next step as cut a hole in the side of the guitar to fit the gamp. This is done by marking

the hole on the side of the guitar using a template, drilling a small hole in the corner of the
outline and following the line with a jigsaw to remove the excess wood.hidésdoes not

have to be perfectly accurate (and is quite hard to be completely straadged due to the
curvature on the side of the guitar) but should allow the 4arap to fit snuggly. The cut can

be neatened with files and sandpaper but is not completely necessary as it will not be seen.
Four screwholes were also added to mount the housing.
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Figure25: Mounting hole for preamp circuit.

Figure26: Preamp housing mounted.

The final step was to @en the hole for the strap bottom on the bottom of the guitar to
accommodate the output jack. This was done using a stepper drill bit, checking regularly for
a tight fit.

Figure27: Enlarged hole drilled for guitar jack.
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As mentioned, these previous steps could be skipped entirely if the end user planned to install
the finished product on a guitar with a pexisting pickup system. These steps obviously
contradict the projects aim to not physically alter the guitar in anyay. However, this
approach was chosen as a pickup system is common place for most acoustic guitars today and
this pickup system is a great choice for the project. The user could also opt to use a pickup
system that uses adhessive or suction cifipise guitar does not include a pickup system and

they do not wish to alter their guitar or use a soundhole pickup which only involves widening
the endpin hole as outlined above.

With the pickup and preamp installed, the output jack had to be altered to acenadate

the extra connection needed for the speaker as outlined previously. To do this the two ground
connections which are usually used as a power switch were soldered together. This would
cause the battery to drain quickly however, so a switch was ado@tldaw for the system to

be turned off manually. This also allows the performer to turntiir instrument without
having to unplug their lead. The position of the switch was determined based on a number of
factors. The most important being that it h&mlplaced somewhere the user could easily reach
but would not accidentally press. The next was that it had to be added somewhere relatively
flat as 3M tape would be used to allow it to be removable. Lastly, the placement relied on
somewhere users are used finding additional controls in acoustic pickup systems. These
factors ultimately led to it being placed just inside the sound hole, close to where some pickup
systems, notably Martin Guitars, place their volume control wheel.

Figure28: Powera 6 A 1 OK | Y R 2yFy0OS aLISIF18NI LI OSYS
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Lastly the resonance speaker had to be added. The speaker used comes with a mounting plate
that is intended to be screwed to a surface and the speaker is mounted to the plate via a
threaded standoff on the center of the plate. As this project aims to avoid altering the guitar,
an alternative had to be found. Through extensive testing, as outlined in the testing and
research chapter to come, 3M tape was determined to be a viable solufibis placement

of the speaker was determined using a loop pedal playing back audio produced by the guitar
itself to recreate the final product as closely as possible and identify any areas that would
cause excessive feedback. The mounting plate of thealeer was sanded with coarse
sandpaper and any dust removed to create the best possible adhesion and was attached to
the spot inside the guitar determined to be the most optimal (see Figure 11). The speaker was
soldered to the ground and ring terminals tbe guitar jack and the work on the guitar was
finished.

This early prototype was completed using off the shelf components includifgA8116D2
based amplifier circuit and mumber of effects pedals such as a Boss3R©@op Pedal and
various modulatiorand timebased effects such as delay, reverb and chorus pedals.

4.2.2 Features

This first prototype proved the feasibility of the project and proved resonance speaker
technology could be added to electaxoustic guitars with little alteratioand no permaent
changes that would otherwise ealue a guitar. While this prototype mainly involved
modifying the guitar with the external circuitprefabricated it added multiple functions to
a basic acoustic guitar.

1 High quality Fishman Isys+ pickup gme-amp added.

1 Power switch added. Typically, a guitar would have to be unplugged for thanppe

to turn off. In a live environment this would remove the need for assistance from the

audio engineer who would need to disengage the audio channel firstdiol @opping.

Stereo jack modified to be input/output jack.

Effectssuch as delay, reverbhorus,and loop pedals can all be used withazoustic

guitarwithout the need for a traditional amplifier.

1 Sound such as looped progressions sound natural fhrenguitar as they are produced
much in the same was as plucking the strings vibrate the guitar body.

1 Acoustic guitar can be made audibly louder.

= =

4.2.3 Issues

There were several issues with this egstptotype. Firstly, the amplifier circuit was
not fully reliable as it could often produce excessive feedback caused by interference when
set to certain parameters. Another issue was the reliance on circuits and effects not created
specifically for this project not only making some components such as thefiemlelss suited
but also removing making the project much to small in scopecohlhections rfot including
the guitar's finalsed internals and the stereo cable input/output) were also connected using
block terminals, crocodile clips and solder jointee Tinal product would have to rely on
standard %" audio jacks for audio connection
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4.2.4 Resolution of Issues

In order to combat the instability of the amplifier circuit, a number of amplifier and
pre-amp onfigurations were tested (as outlined in the Testing chapter) and ultimately a more
optimized circuit was used for the project in a later prototype. This involved creating a custom
amplifier circuit for the project and a delay circuit was also integrated the project to
alleviate some of the reliance on external guitar pedals. The final project also incorporated

i mproved connections such as %% mono and st

user friendly.

4.3 Prototype2

This prototype involved the addition of a delay circuit into the project and the basic
design of the final enclosure including the additiorv/®f | f@ mputsand output.

43.1 Process

This prototype was fundamental in directing the final design ofpitegect. Due to the
pandemic, on campus facilities such as 3D printers and laser cutters wereirdheessible
or only available in extremely short windows of time that did not line up with the progress of
this project.Tocreate a rough design for thfenal prototype a clear plastic box was used a
basic enclosure.

The first step was to add the amplifier circuged in the first prototype as the final amplifier
was still in testing. A mounting hole for tlemp | | poten#ometer was drilled using an
appropriatelysized drill bit and the small circuit was mounted to the plastic enclosure.

After testing other effects such as distortion, delay was the effect chosen to be integrated
into this project due to its versatility and due to the fact reverb aredagl effects occur
naturally in large spaces and therefore would be more appropriate for an acoustic instrument.
A delay circuitPCBwvaspurchased onlindor this prototype This PCB was used as the final
PCB would need to be fabricated and take sdime to arrive. The PCB purchased came with
all the components needed to complete the circe@paratelywhich aided greatly with the
transition to working from home as the abundance of resources found in the lab such as
resistors and capacitors were nonlger available due to the pandemidVith all the
components soldered to the PCB, the delay circuit was ready to be added to the enclosure.
Similarlyto how the amplifier circuit was mounted, three holes were drilled for the circuits
three potentiometers (nx, feedback,and delay). The pots could then be secured to the
enclosure with their included nuts.

Next an LED power switch was added as both a power indicated and power switch using the
same mounting method as t he podckswdrdaddektd er s
the side of the enclosure.

Lastly all components were wired together with the following signal chain:

Guitar Output >Delay Circuit > Amplifier > Resonance Speaker

The delay and amplifier circuits were both powered in parallel from @V battery.
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Figure30: Prbtotype enclosure side view.

Resonance Speaker Technology 37 Sam Cox



4.3.2 Features

This prototype hal several features that wuld be carried over to the final enclosure.
The top mounted potentiometers and vertical design reminiscent of esieéld amplifier are
important in demonstrating what the product does visually and distinguishing it from
standard guitar pedals. It avoids thaditional stomp box design and foot switch to prevent
confusion and accidental switching. It also incorporates a switch with a-aatpeaesthetic
that houses a red LED within the tip of the switch and is instantly shut off if the switch cap is
closed.This also ensures the product is turned off when not in use.

4.3.3 Issues

The main issue with this prototypeasits power consumption. At full volume, the
power supply could become unstable, and the system could turn off. Another issue was the
enclosues reliance on a mono Y jacks requiring

4.3.4 Resolution of Issues

Toallow a standard stereo cable to be us#tk finalenclosure features a stereo jack
acting as the input and output jack for the guitaiheguitars output is then connected to a
mono Y jack which acts a further output f or
input to the delay and amplifier circuit, allowing effect pedals to be connected before the
delay circuit. This adds what éssentially an effects loop to the unit without the need for
additional cabling or proprietary solutions. Audio is then processed by the delay and amplifier
circuits before being sent back to the stereo jack connected to the guitar and causing the
resonarce speaker to vibrate.

To make the circuit more stabtegardingpower, two optionswere found. The circuit could

be poweredoff one higher quality 9V batteryr two lower quality9V batteries in series. One
cheaper 9V battery could be used but as the battery began to die the circuit would become
increasingly unstable. Two separate wiring harnesses were created to allow for either option.
In this context, the batteries quality iselmg determined is relation to its capacity and
maximum output.

4.4  Prototype 3

This final prototype involved the manufacturing of the final circuiingerface,and
enclosure for the project.

4.4.1 Process

Following extensive testing, a final desigm fee amplifier circuit was created. The
circuit utilises the TDA7297 IC which is a dual bridge amplifier with two 15W channels. This IC
is designed for TV and radio applications and is therefore the perfect fit for a project such as
this whereaudio qualiy is integral to thep r o j successAs this IC is not intended for
hobbyists, its pins are staggered meaning it cannot be used in a breadboard for testing. The
IC was instead soldered directed to two pieces of Veroboard to allow for the staggered pitc
The circuit is based on a stereo amplifier design found online (Xtronics, 2012). Withathe
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circuit soldered and tested, PCBs were designed for both the final amplifier and delay circuits
and sent for manufacture by Seeed Studios.

With the PCBs dé&med in Eagle, exact measurements could be taken allowing for an
extremely accurate enclosure to be designed in Adobe lllustrator to be made using laser cut
6mm plywood. This lllustrator file was sent to TechCreate based in Kildare to be laser cut due
to the restricted access to eoampus facilities. The final enclosure was sanded to remove any
burnt sections from the laser cutting process and was treated gathauba wax to give some
protection while allowing it to gradually age over time like older &@mps such as a Fender
Tweed Deluxe which gradually darken as they oxidize.

The same holes were then drilled for the volume, rfeedbackand delay potentiometers as

with the last enclosure, however due to the 6mm thickness of the plywood they had to be
recessed slightly with a larger drill bit to allow the nut to secure to the threaded section of

the potentiometers shaft. Holesor the stereo input jack and effects loop jacks were also
drilled while an additional v jack was ad
speakers including resonance speakers.

A removable back panel was also added to allow the user to accesmtieey connection
andis secured using Velcrmitially magnets were considered due to minimise movement of
the back panelnd give a more premium experience. However, further testing would have
been needed to ensure magnetic interference would not eaan issue with the complex
audio circuitry and Velcro was instead used to minimise potential issues. The internals are
accessible via a moderately sized hole used to pull the bae&r off. While a handle was
initially considered to prevent dust from esring the enclosure, this option allows a 9V power
supply to be feed through the hole should the player which to uses a mains power supply
instead of batteries.

In relation to 9V power, the system has a 9V barrel connection that accepts standard 9V
battery packs and power supplies. In order to allow for greater capacity for long performances
and to allow for higher power consumption if the amp is really being pushed, a 9V battery
pack wasreated that allows for two 9V battery packs in parallel.

Finally,an externalspeaker adebn was <created by soban8ehm ng a
resonance speaker. This was finished off Wit shrinktubing to both add support and add

a more professional appearance. A femalek was added to allow traditi@hs” gui t ar c ak
to connect the speaker to the systesn that the user could use any length cable and therefore

place the speaker wherever they wished. This external speaker also adgegthkibility of

usingany audio source with the system aatko allavs the system to be connected to any

suitable speaker or amplifier.
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4.4.2 Features

This prototype added a number gliality-of-life improvements andinalised the design
of the project. The finished enclosure is striking yet simple and recreates tlkedba
traditional amplifier in a much smaller form factor. Some of the additional features added in
this revision were:

Handle created using a custom length cable connecting the effects loop jacks.
Further output options- external speakers, resonance sgers or headphones can
be connected. Could also be connected togh-poweredportable speaker via 3.5mm
or Bluetooth adapter to increase volume further.

Bespoke enclosurereated.

External speaker addn created.

Can be powered using one 9V battery, 9% batteries in series for additional capacity
and stability(using modifier battery pack created) wia 9V DC power supply.

)l
T

= =4

4.4.3 |ssues

The biggest issue faced was the custom PCBs being delayed. They were both ordered
in early February but due to a ndmer of issues including Chinese New Year, difficulties
creating the custom ground planes implemented to reduce noise, pandemic related issues
and shipping issues resulting from the Suez Canal blockage, the PCBs have not arrived as of
writing (mid-April). This also has consequences for the layout of pa¢entiometersas the
positioning was etched into the plywood precisely following the PCB design.

Another issue was thsetrain placed on the components used to bridge the two veroboards
used for the amplifier circuit prototype. The pressure placed on both the components and the
copper tracks ultimately resulted in the circuit no longer function adequately.

4.4.4 Resolution of leges

After discussing all options with the project supervisor, it was decided to use the
Veroboard circuit and blank delay circuit PCB (now populated with soldered components)
purchased from eBay to complete the project. The positioning of the delay aircuit
potentiometers was calculatednd had to be slightly repositioned on the enclosure as it had
been designed for the custom PCBs which had not yet arrived. This created a relatively
seamless look with the dials slightly-ofntre to the outside rings ete into the wood.

The amplifier circuit was rebuilt to be far more compact and used a different technique to cut
the Veroboard to allow the two pieces to align seamlessly without a gap, removing
unnecessary pressufeom the compnents and copper tracks

The onedrawbackto this solution was if the final PCBs did arrivéinme, they could not be
added retreactivelyasnew holes had ben drilled that were not compatible with the PCB
layout.
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5 Testing & Results

5.1 Introduction

This chapter will outlinghe vast array of tests carried out in relation to the project,
their results and how the conclusions made from these tests shaped further investigations
and the final project as a whole. This testing includes circuit simulation, hardware testing,
schematt and PCB testing and audio analysis.

5.2 Tests & Results

Initial testing was carried out using the analog electronic circuit simulatioriLibgpice
and the PCB and schematic design tBable.This early testing was used to establish the
direction of the project and ensure it was feasibifter much of this earlytesting was
complete the project moved to a moreardwarebasedapproach Due to the pandemic,
there was extremely limited access the college and facilities and therefore limited the
scope of the testing to a certain degree.

Totest the basic functionality of any of the hardware components involved in this project a
few workarounds had to be engineered. Without the use of a deditatalibrated signal
generator, a 9V signal generator was created using a kit that provided an enclosure, PCB and
components. Similarly, without access to an oscilloscope a few different methods had to be
used. A9V digital multimeter was used to measureput and output voltages where
necessary while an Android app that provides audio spectrum analyzes and decibel readings
called Spectroid was used to find frequency resparesad test the gain findings captured

from the multimeter readings. These resulte @f course unscientific in nature but were used
asan additioral tool to help test and direct the projech addition to other methods such as
software simulation and subjectively testing audio aurally.

5.2.1 Distortion Circuit

As the premise of thisrpject revolves around letting guitar players incorporate
effects pedals into their acoustic guitar, building an effects pedal was essential to allow the
player to quickly experience and understand the product immediately. By incorporating a
limited number of effects into the unit the player would not need to bring additional
equipment with them, making the product more portable.

The first effects pedal tested was a distortion effect based around the TLO71 and LM741 ICs
and was constructed using a schemaitiom Advanced Projectfor The Electric Guitar
(Chatwin, 1996). This circuit was chosen as the distortion or overdrive effect is synonymous
with the electric guitar and is a sound not often associated with the acoustic guitar, especially
without an exterral amplifier. This would quickly demonstrate to the user the potential of the
product.

As mentioned in the research chapter, similar products such as the ToneWwopdhave
experimented with distortion effects in the past but ultimately removed the effect from their
products by default and allowing the user to install the effect separately if they so choose.

For this testseveralsamples were recorded froite guitars pickupoutput. This was done
using a Focusrite 2i2 interface using the digital audio workstation (0Re&per.This audio
was then rendered as a lossless wav audio file. That audio was then imported into the Ltspice
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simulation and processed throhdhe circuit and both viewable as a waveform and output as
a new wav file that could then be compared aurally to the original input.

While this effectreated the desired soundn asymmetrical distortion and gaiather effects
were also tested in tandersuch as delay.
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Figure 31:

Circuit schematic created in LTspice

Figure 32: Circuit simulatiomith 1kHz100mV sine wave input showing asymmetrical
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Figure 33: Circuit simulation wiguitar audio used for input

5.2.2 PreAmplifier Circuit

While several amplifier circuits were tested for this project many ehttpeaformed
sub-optimally. One approach to combating the poor performance of these circuits was to
implement a preamplifier circuit. This would allow the gair the amplifier circuit to be
reduced significantly to reduce interference or conversely allow the amplifier circuit to output
a slightly louder signal. This approach was investigated as circuits based around ICs
traditionally used for these types of prajes, such as the LM386, can be quite sensitive to
interference and distort signal at higher gain values.

A preamplifier circuit is not objectively necessary for this project as the project is orientated
around acoustic guitars with onboard paenplifiers However, the addition of a pramplifier
would allow more flexibility in terms of sound and allow guitars without-gn@s such as
standard electric guitars to be used more seamlessly.

Guitar amps traditionally used vacuum tubes to amplify the guitarput. Many modern
amplifiers today do not use valve technology and instead rely on integrated circuits (this form
of amplifier is known as a solgtate amplifier). However, valve amplifiers are still used
extensively especially in professional applicas and are highly sought after in both guitar
amps and pedals. Vacuum tubes naturally have a unique frequency response, compression
factor and distortion that can only be simulated by solid state amps. This sound is highly
responsive and is determined lbynumber of factors including the input volume and bias.

Typically, a dual triode suds the 12X7 requires 250\AC but can be modified to run on
much lower voltages. This project investigated powering that particular tube using 9V or 18V
(using two 9V Ahtteries in series). This reduced voltage was crucial as the project is intended
to be highly portable and had to be able to run of the same 9V batteries used for guitar pedals
and acoustic guitar pramps.
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The circuit was first tested using Ltspice following a low voltage circuit demonstrated by a
YouTube user using a 12V leisure battery. (JohnAudioTech, 2013) This simulation showed
favorable results and functioned using both 9V and 18V supplies. The ame wsth
simulating dual triodes like thE2AX7 in Ltspice ithat it assumesdequate power is provided

to the valves heating filament by default and does not allow a battery to be connected to the
filament without modifying the part significantlySimilaly, to the distortion circuit outlined
previously, the same guitar recording was processed using Ltspice in order to simulate the
circuits output.

When the circuit was recreated using the authentic hardware, the circuit was significantly less
stable thanthe circuit simulation. The circuit was tested using a 9V battery, two 9V batteries
in parallel for greater current, as well as two 9V batteries in series to produce 18V. This
instability is likely due to the limited current provided by 9V batteries asYbuTube video

cited proves the circuit is functional using just 12V but was tested using a leisure battery which
can produce much higher currents over longer durations due to its increased capacity. By
using higher quality 9V batteries such as an UltPaemium Alkaline from Energizer it was
possible to record a more consistent 9V at higher currents using a digital multimeter but
proved the current draw was to significantly, quickly discharging the battery making the
circuit unstable and ultimately makinggunsuited to this particular project.
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Figure 34: 12ax7 pramp schematic created in LTspice.
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Figure 36: PCB designecdagle
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5.2.3 AmplifierCircuit Prototypes

The core of this project is the amplifier section. As mentioned previously, a number of
amplifier circuits were testing including numerous LM386 based circuits. Initially the
feasibility of the project was established by usingtb#-shelf amplifier circuits to quickly
determine potential issues and direct the project. This included numerous LM386 based
boards and a TPA3116D2 board. These were tested using the following basic signal chain,
testing a number of different effects pedals hahdividually and in series.

Acoustic Guitar Output > Effects Unit/s > Amplifier Circuit > Resonance Speaker

While this quickly established the basic idea was possible, it also outlined a number of issues.
The key issue was volume. While the circuits ahaplify the sound significantly, amplifier
circuits had to be stacked or an effects pedal with a form of signal boosting was needed to
get the required output volume. In order for this project to be successful, the output volume
must be audibly as loud dke guitar itself in order to allow loop pedals and delay effects to
work convincingly. The exact gain factor needednot possible to determine as it also
depends on a number of factors such as the volume of the guitar acoustically, frequency
response othe amplifier and even the positioning of the resonance speaker inside the guitar.
The LM386, for example, is internally set to have a gain factor of 20 which is significantly lower
than the approximate gain of 40 needed which was determined aurally asitigymeter and
converting to gain.

Another potential issue was feedback. Feedback had to be completely minimized in this
project due to the proximity of the resonance speaker to the piezo element inside the guitar.
However, the TPA3116D2 circuit in pantar was quite susceptible to feedback loops caused

by interference rather than the speaker and piezo. This was determined as it was still possible
to recreate without the piezo pickup activated.

This led to the LM386 being reinvestigated using a smallifnation to allow the gain to be
adjusted to up to a factor of 200. This circuit was simulated as shown below in Figure 10 and
produced promising results. This circuit still showed some potential issues, however. When
the circuits gain was increased, thadio began to slightly distort asymmetrically as well as
clip at higher voltages. When recreated on a breadboard the circuit did in fact clip with some
asymmetrical distortion as the simulation showed as well as picking up some interference at
higher gainvalues. To potentially solve this issue, a-preplifier circuit was introduced as
mentioned previously.
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5.2.4 Final Amplifier Circuit

Up to this point ICs used by guitarists, makers and hobbyists such as the LM386 had
not yielded optimalesults. These ICs are used for a number of reasons including availability,
price, ease of use and due to their ubiquity in this area of technology due to how long they
have been in circulation. With this in mind, an IC not commonly used in these apigati
was tested. This IC was the TDA7297 which is a dual bridge amplifier with two 15W channels.
This IC is designed for professional applications such as TV and radio making it ideal for an
application such as this where audio integrity is fundamental whasrchips such as the
LM386 are often usedb their own advantagdor their tendencies to distort clean guitar
signal. While this IC is a dual channel amplifier, only one channel was needed for this
application. Due to the asymmetrical pin layout, thispcdbes not fiton breadboards or
Veroboard. However, two Veroboards were used to solve this issue, with one used for each
side of the chip also alleviating the need to bkéiae copper traceshat would have otherwise
connected the two rows of pins

This C is a dual bridge amplifier with two 15W channé®s, 2003l accepts supply voltages
from 6 to 18V which allowed the circuit to be tested with both a signal 9V battery as well as
two 9V batteries in series giving a supply voltage of 18V. As thetdiesia fixed gain value

of approximately32dB, the additionaheadroom provided by the 18V power supply was not
deemednecessary.

ThisICproved to be well suited to the project for a number of reasons. The I@hasgh

gain for the application, is wefiriced, extremelyeasy to work with due to the minimal
number of external components needed (with the exception of the staggered pitch making it
difficult to implement without a POBanddoes not have the same tendency to feedback that
was found in the LI@86 circuits This is particularly unexpected as the pickup system in this
guitar isfundamentally similar to a single coil pickup similar to those found in a Fender
StratocasterThese pickupsas opposed to pickups such as humbuckers found in Gibson Les
Pauls have a tendency to feedback particularly when in closximityto the amplifiersuch

as in this case where the speaker and pickup are millimetres apart. Furthermore, these
pickups tend to be susceptible 80 or 60 cycle huntaused by interference caused by
powerlines powerlines operate abOHz in Irelanaften resulting in 50 cyclaum).

There was not a set amount of gain required this project as its use case varies greatly. The
core idea was that resonance speakeyuld recreate the guitars audio at approximately the
same volume as the guitar woufmtoduce acoustically therefare making loop pedals and
extreme delay effects hugely effective. In tBalifferent guitars this guitar has been tested
with the volume has been exceptionally louder than the volume of the gatausticallybut
ultimately it depends on the volume of thguitar acoustically, the positioning of the
resonance speaker, the impedance of the resonance spedkehri resonances speaker
significantly queter than an8-ohm resonance speaker}he output of the guitars pramp
and how the user intends to use thgstem.
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5.2.5 Delay Circuit

This projecs mainaim was always to allow guitar players to add effects to their
acoustic guitar sound. This weested from the very start, first with the aid of the software
simulation tool LTspice and later with physical hardwaeltiple guitar effects pedals and
multi-effects pedals were tested with the initial prototype ardklay was ultimately
determined to ke the most important effect to incorporate into the projedthroughresearch
it was determined the PT2399 IC was Hesst suited chip for this application. This chip is used
by hobbyists to create reverb, delay, echo and chorus effects but is also usexfassional

applications and can be found in many boutique guitar pedals such as the Space Spiral by
EarthQuakeDevices

This chip can allow for delays as short as 30ms and as long as 24l0ming it to
provide sounds fromreverb like delayto cathedral style echo effectslhis chip is also
extremely efficient using just 30mA at max lo@lectrosmash, 2018)Vhile the chipneeds
just 5V DC to operate, a 9V battery with a 5V voltage regulaasused in this case to allow
both the amp and dlay circuit to be operatedising a single power sourcAs outlined
previously, a blank PG@Rsigned for this application wasirchased angopulated for testing.

With excellent audio qualitand performance, a final PCB was designed in Eagle and sent to
Seeed Studios for manufacturEhe full circuit layout is explored in the design chapter.
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Figure 37DelayPCBourchased for testing (eBay, 2021).
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5.3 Interpretation of Results

Following the testing, both hardware and software based, ofrthédtiple approaches
taken to amplify the guitars signal, it was determined that a 729X based amplifier circuit
would be better suited to the project thantavo-stageamplifiercircuit such as the 12x7 pre-
amp and LM386 amplifierinitially proposed.The TDA7297 was not only mareiable and
consistent ancconsumael significantly less power than the other option, but it afgoduced
a muchbetter-quality audio signal with noticeably leggterference and no haralipping.

In terms of effects both the distortion and delay circuit performed extremely well in
this usecase,but the delay circuit was chosen due to w&der range of applications.
Furthermore, ths product opens up the opportunity for players to incorporate any effects
pedal, including distortion, into their acoustic guitar souridherefore, given the nuance
surrounding distortion and overdrive pedals anble sheer variety available, it was
determined the best option was to allow the player to dse what type of distortiorthey
would like to add to their sound through the use of effects pedals.

54 Conclusions

Following theexpansive testing carried out, both hardware and software, of effects
and amplifier circuitryit was ultimately determinedhat the most appropriate configuration
for this project was the PT233felay circuit and TDA7297 amplifier circtatgive the user
the most tonal possibilities while keeping thicuitry asminimalas possible and allowing for
great battery life While other options were explored such as adding DTDP switching to allow
the user to select the audio outputdditional level controls such as adding an input and
output control for the amplifiercircuit oradding anndependentpowerand bypasswitch to
the delay circuit, it was decided t@®ep the product as minimal and user friendly as possible.
The omission of these features did not take away from the fanatluct as the delay circuit
for instance can be set to outpdty signabnd, in thiscaseworks as a buffer circuit and uses
significantly less power than at max lo&imilarly, the lack of audio output switching does
not prevent the user fronselecting their preferred output path and factadds the potential
to allow for two8Qresorance speakers to be used in parallehe user can opt tonly use an
external speaker by connecting any guitar, including the modified acoustic used for this
project, to the effects loop jput.
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6  Conclusion

In conclusion, thisreport has outlined the detailed research, testing and
implementationcarried out over the course of the project. While the projseaim appears
novel, incorporating a resonance speaker into an acoustic guhtamproject was ultimately
directed by its equirements and necessary limitations. The gwot can be installed in any
electro-acoustic guitar with minimal wonkith no permanent modifications needed aadds
the potential to use any audio effect with an acoustic guitar such as flanger, chorus or
distortion as well as thbuilt-in delay/reverb.The product has been designed from the ground
up to run on a single 9V batteand is truly portable. Furthermore, it requiresly one stereo
cable tobe used with guitar modified in the same manner as oethvhile also allowing for
any guitaror audio source to be connected as an input and allowing for any speaker, including
a purposebuilt external resonance peaker, to be connected as
cable.

This project has proven that this technology can be added to any acoustic guitar at a fraction
of the cost of its rivala/hile bringing greater functionality such as compatibility with standard
guitar pedals including loopers for solo artistéie projecthas added numerouteatures to

widen the scope of use cases such as the potential to use resonance speakers externally,
allowing any surfageand by extensiomitilising its unique acoustic properties, to become a
speaker Other features such aschoice ofpower options(9V battery, two 9V batteries for
greater capacity or 9V power supply) make the product extremely versatilarfggr cohort

of musicians.
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Appendix

iadt<)

DUN LAOGHAIRE

CMT (DL835) Student Projects
20/21 — Home working and Covid-19
‘Low Risk+’

Standard Risk Assessment Template
For activities carried out in the School of Creative Technologies facilities and at the
student’s home.
These are projects where all Hazards are Ranked as a 3" Rating.
See Risk Rating Matrices on Pages 10 and 11.

Project Risk Assessments and the methodology are needed to comply with the Safety, Health
and welfare at work act 2005 and all other relevant Legislation. This document is based on
the “Joint Risk Assessments’ procedure — IADT — December 2010.

The document has been updated to now include:

e Home working risk identification and control — highlighted in italics
e Covid-19 risk identification and control — highlighted in bold
e The Low Voltage Directive, LDV (previously in a separate document

PLEASE NOTE: HOME-WORKING AND COVID-19 HAS RAISED THE LEVEL
OF THE RISK OF HOME WORKING AND LAB WORKING, SO THAT THE LOW
RISK TEMPLATE IS NOW OF A LEVEL IN BETWEEN THE LOW AND MEDIUM
RISK LEVEL AS DEFINED IN THE PREVIOUS ACADEMIC YEAR.

PROGRAMME/YEAR:
STUDENT NAME SUPERVISOR:
Sam Cox Paul Comiskey
DIGITAL SIGNATURE: DIGITAL SIGNATURE:
DATE:21/04/2021 DATE:28/04/2021

By signing this assessment, it is agreed by all parties that:

e The student has taken part in the relevant class session and/or seen the accompanying
powerpoint presentation

e The full facts relating to the health and safety aspects of the project have been declared
by the student

e All parties are fully aware of the safety risks

e All parties will implement the control measures detailed, in order to reduce the
contribution of the hazards to the level of the risks detailed.
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| Location of Work: | Relevant Campus facilities such as the laboratories, and at the student’s home |

Brief RELEVANT Details ,
< 3 9V batteries used for all tests. Current drawn never exceeded ~1 A and the max voltage used was 18V (two
of project: 20 WOI‘(IS, batteries i series). Soldering completed in well ventilated area. Well maintained tools used throughout.

highlighting the current
drawn from the power
supply and any processes
that may be dangerous in
the lab or at home.

Step 1: Initial Hazards Identification

Risk
Assessment

No. INITIAL HAZARD

Electrocution

Fire

Cutting injuries

Drilling injuries

N | W DN -

Heavy equipment

Bum Injury

)

Fumes

Step 2: Risk Assessment Forms

(Start Overleaf)
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Significant Hazard and 1. Electrocution
consequences:

‘Who might be exposed to the | Students, staff and household members.
hazards:

Proposed Control Measures | Develop projects that consume low current (less than 14) and use batteries or
— to be written in well-maintained AC/DC conversion units, particularly for the home
conjunction with project environment.

supervisor and revised at
key project milestone dates | Circuit design must include features that will minimise likelihood of
electrocution of anybody, when in an unsafe mode, e.g. use of fuses and circuit
breakers in lab and home devices and supplies.

Short circuits should be identified and removed before the testing stage.
Cable and insulation should be checked before testing stage.

Power supply equipment should be PAT tested on a regular basis in the lab.
Faulty power supply equipment at home should be identified and repaired by a
qualified electrician before being used again.

Liquid sources should be kept away from the project, when in operation.

Components, whether connected to power supplies or not, should be fully
discharged before inspections —isolated from power supplies, are commenced.
Eg discharge capacitors greater than SOuF via a 100€2 resistor.

Be aware of the locations of first aid kit and fire extinguishers, in the laboratory
or in the home; familiarise yourself and use these items if suitably
competent/trained.

Be aware of actions that need to be taken in the event of electrocution, such as
calling emergency services, resuscitation, and wearing insulation if touching
the person electrocuted.
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Significant Hazard and 2. Fire
consequences:

Who might be exposed to the | Students, staff and household members.
hazards:

Proposed Control Measures | Maintain tidy work practices on benches, the laboratory environment and

— to be written in household surfaces.
conjunction with project
supervisor and revised at Keep combustible materials, eg paper, plastic, away from heat sources, such as

key project milestone dates | so]dering irons. Stow heat sources away safely when not in use, eg use a sturdy
soldering iron stand.

Circuit design must include features that will minimise likelihood of a fire,
when in an unsafe mode, e.g. use of fuses and circuit breakers.

Short circuits should be identified and removed before the testing stage.

Suitable cable and insulation should be used, with a safety margin on the rating
and size.

Liquid sources should be kept away from the project, when in operation.

Be aware of the locations of first aid kit and fire extinguishers, in the laboratory
or in the home; familiarise yourself and use these items if suitably
competent/trained.

Put in place measures that make the home working area is fire separated from
other parts of the home, make that place relatively free of combustible
materials, ensure there is some form of smoke detection in place, ensure there is
a clear path to the nearest exit of the house.

In the event of a fire, leave the laboratory/building or household working
area/home in an orderly manner, and sound the fire alarm if it has not already
automatically activated.
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Significant Hazard and
consequences:

3. Cutting injuries

‘Who might be exposed to the
hazards:

Students and household members.

Proposed Control Measures
— to be written in
conjunction with project
supervisor and revised at
key project milestone dates

Maintain tidy work practices on benches/ laboratory environment and on
household surfaces.

Develop projects with the minimum requirement for cutting any jagged edged

in the final manufactured item.
Use of quality, maintained tools and clamps if necessary.
Use of a cutting board and goggles.

Clear a space around the cutting area before commencing work.

Tie back hair and loose clothing from the cutting area. Remove jewellery.

Be aware of the location of the first aid kit in the laboratory and at home
use the kit if suitably competent/trained.

and
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Significant Hazard and 4. Drilling injuries
consequences:

Who might be exposed to the | Students, staff and household members.
hazards:

Proposed Control Measures | In the laboratory, only use the drill equipment if training, given by staff, has
— to be written in been undergone. At home, follow all manufacturer’s instructions in using a
conjunction with project drill.

supervisor and revised at
key project milestone dates | Jse of quality, maintained drilling equipment and goggles. Secure drill bit and
table. Use the drill guard. Check all fastenings are complete before switching on
the drill machine.

Drill machine and equipment should be tested and checked on a regular basis.

Develop projects with the minimum requirement for cutting any jagged edged
in the final manufactured item.

Use of quality, maintained tools and clamps if necessary.
Use of a cutting board and goggles.

Clear a space around the cutting area before commencing work.
Tie back hair and loose clothing from the cutting area. Remove jewellery.

Be aware of the location of the first aid kit in the laboratory and at home and
use the kit if suitably competent/trained.
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Significant Hazard and 5. Heavy equipment
consequences:

Who might be exposed to the | Students, staff and household members.
hazards:

Proposed Control Measures

— to be written in Maintain tidy work practices on benches and the laboratory environment.

conjunction with project

supervisor and revised at Undertake heavy lifting only if suitable advised and/or trained. Correct posture

key project milestone dates | and lifting procedures. Use mechanical lifting aids where possible and
appropriate.

One or more persons to be involved in lifting or supervising the lifting of heavy
equipment. Take help from a household co-habitant where necessary,
appropriate and possible.

Clear a space around the lifting area before commencing work.
Tie back hair and loose clothing from the cutting area. Remove jewellery.

Use protective footwear, and also headwear if necessary.
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Significant Hazard and 6. Burns
consequences:

Who might be exposed to the | Students and household members.
hazards:

Proposed Control Measures | Maintain tidy work practices on benches and the laboratory environment.
— to be written in
conjunction with project Only use soldering irons and other hot-works appliances if training, given by
supervisor and revised at staff, has been undergone.

key project milestone dates
Keep combustible materials, e.g. paper, plastic, away from heat sources, such as
soldering irons. Stow heat sources away safely when not in use, eg use a sturdy
soldering iron stand.

Cable and insulation should be checked before using soldering irons, or
electrically powered hot-works appliances.

Use gloves, goggles and other personal protection equipment where necessary.
Use cooling equipment, such as wet sponges for soldering irons. Do not allow
water from any source to penetrate electrical cables and wires.

Let members of the household know you are using a hot device. Keep soldering
irons and other hot devices away from children and vulnerable adults.

Make the sure the device is placed stably on the working surface, away from
combustibles including mains cables, particularly that belonging to the device.

Tie back hair and loose clothing from the cutting area. Remove jewellery.

Be aware of the locations of first aid kit and fire extinguishers, burn gel and
plasters, in the laboratory and at home, and use these items if suitably
competent/trained.

In the event of a fire, leave the laboratory/building or household working
area/home in an orderly manner, and sound the fire alarm if it has not already
automatically activated.

Electrically powered hot-works equipment, such as soldering irons, should be
checked and tested on a regular basis. If found to be faulty, particularly at
home, tt should be repaired by a competent electrician before being used again.
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Significant Hazard and 7. Fumes
consequences:

Who might be exposed to the Students and household members.
hazards:

Proposed Control Measures

_ to be writtenin Use fume extraction equipment, eg. for solder fumes.
conjunction with project ) '
supervisor and revised at Keep laboratories and household working areas well ventilated.

key project milestone dates
Take frequent breaks from activities generating fumes, in the open air.

Employ a higher level of control measures when an individual suffers from a
respiratory condition, such as asthma, taking advice from a GP. In particular,
take advice from a GP before you use a device which generates fumes,
particularly if you have or have had a respiratory condition or disease such
as Covid-19.

Solder fume extraction equipment and other similar items, should be maintained
checked and tested on a regular basis.
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Significant Hazard and 8. Infection of Covid-19
consequences:

Who might be exposed to the Students, Staff, and household members.
hazards:

Proposed Control Measures

— to be written in Follow ALL government guidelines, those from the Health Services
conjunction with project Executive and the Health & Safety Authority. Keep updated daily on
supervisor and revised at changes to these guidelines via their authorises websites.

key project milestone dates
These include, and interpreted thus, but not limited to:

Use personal protective gear for the face, such as a recommended mask for
a professional environment, or a close fitting vizor, or both, in the lab,

Be aware of all laboratory provisions for Covid-19 safety.

Be aware of the Covid-19 safety station in the laboratories — containing
hand sanitiser, blotting paper, disposable gloves. Use these items before
commencing the lab session, during if necessary and afterwards especially
if food is consumed before and after the lab session. At home, set up an
equivalent Covid-19 station, and use the equipment as you would in the lab.

It is expressly forbidden to eat in the labs, and it is recommended to do the
same at home.

Wipe down all surfaces before, during (if compromised) and after the lab
sessions and at home, including touch points such as door and equipment
handles.

Do not touch the face, head unless the hands are clean with sanitiser.

Cough into your elbow if necessary or into a tissue which you should then
dispose of the tissue in the flip-top bins in the lab and wash your hands
with soap or use hand sanitiser.

Keep more than 2m in distance from anybody else in the laboratory.
Navigate yourself around the lab to avoid close contact.

Keep laboratories and household working areas well ventilated.
Take frequent breaks from activities generating fumes, in the open air.

Employ a higher level of control measures when an individual suffers from
a respiratory condition, such as asthma, taking advice from a GP. Take
advice from a GP before you use a device which generates fumes,
particularly if you have or have had a respiratory condition or disease such
as Covid-19.

Enter and leave the lab in an orderly manner, ensuring social distancing,
even in an emergency, such as a fire incident.

Follow the regulations of disposal or high temperature cleaning, relating to
your personal protective equipment.
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Risk Rating Matrices

By looking at the hazard and asking how many people will be exposed to it, decide on the probability of an
incident/accident occurring.

Example: Take an extension lead trailing along the floor up against the wall. The extension lead is a hazard and if it is in an
office with one person working in it the probability and likelihood is “improbable” (see table No.1) because the lead is
along the wall. However, if the lead is in a corridor with 200 people walking by there is a chance that someone could kick it
out from the wall accidentally and create a greater probability/likelihood of a loss occurring thus upping its rating to
“remote”.

‘When this is done you must decide on the seriousness of the loss, using the four columns on the left side of the Table
No.2 below.

Example: Firstly taking the one person office example from above the possibility/likelihood is “improbable “but the result
might be a “minor injury” e.g. scrape or a bruise. This gives us an “acceptable risk no action required” If we were to put the
lead on a building site across an unguarded stairwell with 50 people using it the result is now possibly “fatal”. This gives us
a 15T rank action”.

Table No. 1:

PROBABILITY/LIKELIHOOD DESCRIPTION

Likely/frequent Occurs

Probable Not Surprised. Will occur several times.

Possible Could occur sometimes.

Remote Unlikely, though conceivable.

Improbable So unlikely that probability is close to zero.
Table No. 2:

LIKELY PROBABLE | POSSIBLE | REMOTE | IMPROBABLE
Fatal

Major Injury/
permanent disability

Minor Injury

No Injury

By using the matrices above we now have an action needed ranking system. This means we can prioritize the hazards
depending on their ranking.
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Table No. 3:

within a few hours

1t rank actions - requires measures to be put into place

within a few days

2" rank actions - requires measures to be put in place

a few weeks

3td rank actions - requires measures to be put in place within

4% Rank action — requires measures to be put in place

within a few months.

Taking all this information and pooling it in the Initial Hazard Identification log we can now prioritise the
hazards in the left hand column “Risk Assessment No.” This number will appear on the top left of the risk

assessment forms for easy referencing.

Low + Risk Project — Risk Rating Summary

Risk
Assessment Probability | Ranking
No. INITIAL HAZARD
1 Electrocution Possible 3rd
2 Fire Possible 3rd
3 Cutting injuries Possible 3rd
4 Drilling injuries Possible 3rd
5 Heavy equipment Possible 3rd
6 Burns Possible 3rd
7 Fumes Possible 3rd
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‘Low Voltage Directive’ Compliance Statement.

DIRECTIVE 2006/95/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 12
December 2006 on the harmonisation of the laws of Member States relating to electrical equipment
designed for use within certain voltage limits (codified version) (Text with EEA relevance)

Otherwise known as the Low Voltage Directive (LVD).

If the electrical aspects of your project have a voltage between 50 and 1000 V for alternating current and
between 75 and 1500 V for direct current, for voltages at the electrical input or output (not internally),
then you are signing to confirm that it complies with all the safety requirements of the LVD. You must
read the LVD and analyse your project before signing, taking advice where necessary.

Student name: Sam Cox

Digital signature: SM é’\

Date: 21/04/2021

Project supervisor or delegated representative who is an engineer by discipline:

Name: Paul Comiskey

Digital Signature: —u 1A 0L

Date: 28/04/202
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