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Abstract 
 

The traditional acoustic guitar has been around for ages.  It is a musical 
instrument enshrined in tradition and craftsmanship.  Using different types of 
wood, shapes, and designs, different melodies and sounds can be produced 
from the guitar.  The wood has many variables that provide a unique sound 
including type, age, density, moisture level, etc.  These are just several variables 
that make guitar building a very time consuming, intricate, and expensive craft.   

The objective of this senior design group is to utilize a material blend 
made from composites to manufacture an acoustic guitar that has desired sound 
characteristics.  Research and analysis will be done on existing guitars to 
determine the location and reasoning behind the resonating sound.  With the 
results, a model of the guitar will be digitally created.  Structural, vibration and 
stress analysis will be thoroughly performed to determine several important 
properties of the guitar and to get a better understanding of the sound 
production.  From the information obtained through testing and analysis, a 
working guitar will be manufactured out of composite materials.  This physical 
composite guitar will then be compared to that of the wooden acoustic guitar.  
Using high precision measuring tools, the sound characteristics and frequencies 
of the wooden guitar and acoustic guitar will be made and compared.  Overall, 
the research and design will allow the group to have an understanding of the 
acoustic and vibration properties of composite materials. 
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Introduction 

Problem Background  
 

The acoustic guitar is one of the most widely used modern musical 
instruments today. The term acoustic refers to sound that is created by an 
instrument that is not electronically enhanced or modified (dictionary.com). The two 
main types of guitars are electrical and acoustic. An acoustic has three main 
forms, which are classical, steel-string flattop guitar, and the arch-top guitar. The 
steel-string flattop guitars usually can include six, ten, or twelve strings. The 
wooden acoustic guitar is traditional tool that mainly plays folk and jazz music [1]. 

The origin of guitar dates back to ancient Babylonia around 1850 B.C [1]. 
From excavated plaques, figures of instruments showed slight evidence that 
people played small stringed instruments that resemble the current acoustic 
guitar. In ancient Egypt, drawings of long neck instruments with marked frets had 
been identified as the ancestors to the guitar more than 2000 years ago [2]. Later 
in Rome, stringed instruments with soundboards with five small groups of sound 
holes were considered predecessors of the acoustic guitar 

The guitar has many ancestors; however, the famous ones are the lyre, 
oud, and the vihuela and a pictured in figures 1-3 respectively. [1]. the lyre 
(Greek) played as a guitar, although appears as a harp, it has distinct features to 
the modern guitar; six string, frets, neck, soundboard, and bridge. The oud 
(Middle Eastern) is one of the most popular instruments in Middle Eastern music. 
In 711 A.D. the oud was introduced to the Europeans. The name ñoudò refers to 
ñwoodò [3], since it is made of a wooden plate and strips of wood to make the 
round shape. It also has features that relate to the acoustic guitar, such as; 
tuning pegs, strings, soundboard, and bridge. The unique feature of the oud is 
that it has no frets, thus making unique music. The vihuela (Spanish/Mexican) 
was a widely known instrument in the western European region and in Central 
America [2]. The vihuela is dated as far back as 1400 A.D. The body of the 
vihuela was made of thin slat pieces of wood, sometimes carved from a single 
block of wood [1]. Other versions of guitars were produced in between; however, 
the vihuela most resembles the modern acoustic guitar.                                   
                              
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1: Lyre guitar 
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Figure 2: Oud guitar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Vihuela guitar 
 
The six steel-string flattop acoustic comes in various tone-woods. Tone-

woods are species of wood that resonate in higher quality of sound than other 
types of wood [4]. Evaluating which tone-wood sounds better can be considered 
a subjective view. Even difference between woods is considered as complex as 
difference between people. The age of the tree, the annular growth pattern, the 
genetics of the tree, the curing conditions, the grain orientation, and 
environmental conditions are all inconsistencies in wood [4, 5]. Wood is highly 
susceptible to dimensional distortions when subjected to changes in temperature 
and humidity [6]. One luthier, an instrument maker, observed expansions of 6mm 
across the wood grain and 0.1mm along the grain during instrument construction. 
Even two similar woods of the same species may sound different. However, the 
most common tone-wood used for the top, known as the soundboard, is the Sitka 
spruce wood due to its availability and yield strength from its characteristically 
large-diameter logs [4]. The coniferous softwoods alpine spruce, Sitka spruce, 
and Adirondack spruce (usually sourced from North America) and the western 
red cedar (usually sourced from Europe) are the traditional choices for acoustic 
guitar top, also known as soundboard [6]. Spruce, as well as cedar and 
basswood are also commonly used for the back and the sides of the guitar. Other 
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species of tone-woods include rosewood, mahogany, maple, ebony, nato wood 
[4].  

The body of the guitar is curved for convenience and performance. While 
sitting, the curvature of the guitar is placed on the knee, which gives the 
performer comfort to play. The performer uses his weaker hand to hold the neck 
of the guitar placing his palm and fingers to hold down the desired string and fret. 
The dominant hand is used for strumming the strings or plucking individual 
strings for preference. This should be done directly over the sound-hole for 
loudest and best sounding play.  

The acoustic guitar is comprised of three distinctive parts that play a role 
in creating sound; the body, the neck, and the headstock [7]. The body 
comprises for the majority of the area. The soundboard is the top of the body and 
is the key factor for producing the sound. However, if the top seems to have a 
curve that is due to the aging of the guitar, since constant force from the strings 
are pulling the area around the bridge [7]. The body also includes the saddle, the 
bridge, and sound-hole. Attached to the body by either using a truss rod [8] or 
simply glued together is the neck. Internal reinforcement used to increase neck 
stiffness and counteract deformations. Also to avoid deformation the maximum 
tensions for a steel string is 20lbs [8]. The neck is the structure that holds the 
headstock and fret-board. The fret-board has a slight curvature at the back and is 
flat by the strings. Metallic linings or frets are vertically placed on the fret-board to 
shorten the vibration length of the string by simply holding down the string at a 
certain fret. The parts of the guitar are broken down in Figure 4.  

 
 

Figure 4: Parts identified of a six steel-string acoustic flattop guitar 
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In total most acoustic guitars have twenty to twenty five frets, depending 

on the length of the neck [7], and are arranged with a mathematically calculated 
distance ratio. The ratio of the spacing can be identified as twelfth root of two 
(21/12) of two corresponding frets next to each other [9].  At different frets, 
different sounds can be produced from the six different strings. This makes the 
guitar an excellent instrument for playing multiple combinations of notes and 
chords. The head stock is comprised of the nut, tuner posts, and tuner pegs. The 
nut guides the tuner posts and maintains height of the strings, also called action. 
The neck usually has ñdotò markers on the fret-board and on the side facing the 
player, showing the position of the 3rd, 5th, 7th, 9th, 12th (which has two dots, 
representing an octave), and 15th[7]. An octave is when a note is repeated at a 
higher or lower pitch [10]. The tuning pegs tighten or loosen the strings in order 
to tune the guitar. Tuning a guitar to international standards helps locate the 
notes and categorizes them in frets for easy play. Once tuned, each unique 
sound is valued as a musical note. Every note can be measured to be a certain 
amount of frequency. 

The human ear drum picks up pressure difference in the atmosphere and 
is referred to as sound. Sound is the sensation perceived by the organs of 
hearing when vibration (sound waves) reaches the ear [10]. When you play an 
instrument, parts of the instrument (the strings, the soundboard, etc.) and the air 
inside and around the instrument vibrate. Alteration of pressure termed 
compression (increased) and rarefaction (decreased) pressure in the air caused 
by a vibrating surface of air column [10]. One complete cycle of compression and 
rarefaction produces a vibration, or sound wave. Frequency simply is the number 
of compression-rarefaction cycles that occur per unit of time. The human ear has 
audible sound range from 20 to 20,000 Hz (cycles per second) [10, 11].  

Sound has four identifiable properties; pitch, intensity, duration, and timbre 
[10]. Pitch is the highness or lowness of a sound. Variations in frequency are 
what our ear receives variations in pitch. Intensity or amplitude is heard as the 
loudness or softness of a pitch. In acoustics, the science of sound, intensity is the 
amount of energy affecting the vibrating surface. Sound intensity is dependent 
upon frequency, distance and angle of ear to instrument [12]. Duration is the 
length of time a pitch is sounded. Timbre is the tone quality or color of a sound. 
The sound quality is determined by the shape of the vibrating body, its material 
(metal, wood, human tissue) and the method used to put it in motion (striking, 
bowing, blowing, plucking) [10]. Timbre is considered a subjective view and can 
alter with different people.   

 

 
           

 Figure 5: Side view of bridge area 
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When the strings are struck, the surface (soundboard) vibrates and air 
between the strings creates a pressure difference. While vibrating, the energy 
heads towards the saddle [13]. The saddle then transmits its vibration to the 
bridge. Once the sound enters from the bridge to the soundboard, the air 
pressure in the inner area of the body oscillates back and forth from top to 
bottom thus producing a sound through the sound hole [13, 14]. Most of the 
sound is emitted from the soundboard back though the sound hole. The rest is 
released from sides and bottom of the guitar [4, 6]. 

 

Problem Statement 
 

High-end acoustic guitars are expensive and labor-intensive to produce 
due to the high skill required by the luthier.  By contrast, the majority of entry to 
mid-level guitars is mass produced, mostly in Asia, Indonesia, and Central 
America [6].  These guitars are of lower quality due to the nature of the mass 
production process.  They are kept affordable with low labor costs and lower-
quality materials and assembly.  Musicians just starting to play or those looking 
for a more affordable guitar are limited to lower-end guitars, making learning to 
play the guitar only more difficult.  By using less expensive, more consistent 
materials, consolidated component designing and easier construction, the overall 
manufacturing cost and retail price can be reduced, allowing high quality, 
affordable instruments available to consumers.   
 Acoustic guitar manufacturing and design is constrained by material.  The 
quality of an acoustic guitar is a product of several factors including design, 
construction and the material.  Of these, the material is the biggest variable.  
Wood is an inherently difficult medium to work with due to wide variations and 
inconsistencies. No two pieces of wood are identical, even if cut from the same 
source log.  ñWood has an irregular grain structure, comprising regions of fast 
growth (low density) and slow growth (high density) materialò [15].  These 
variations affect the finished product in that two guitars of identical brand and 
model vary widely in tone and playability. A recommended process for choosing 
the wood to be used in a guitar can be seen in Appendix D.  A material that is 
absent of these variations and inconsistencies could mean a more consistent, 
affordable high-quality instrument.   
 Another undesirable attribute of wood is its propensity to distort in shape 
due to changes in the environment.  A source described during a conversation 
with a luthier that ñexpansions of 6mm across the wood grain and 0.1mm along 
the grain during instrument construction due to changes in humidity and 
temperature [15].  This distortion can lead to inconsistent tone and playability as 
well as eventual cracking and damage to the instrument.  Guitars constructed of 
a material that does not exhibit such a response to environmental changes could 
mean a more durable and reliable instrument.   
 Finally, the woods used to make high-end guitars are expensive and have 
pushed some species of wood to near extinction.  ñThe long-term viability of 
many species of wood for guitar construction is uncertain because of over-
forestation and unsustainable demand driven by Far East manufacturersò [16].  
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Because of this, many rare woods and old growth forests have been heavily 
harvested and most old growth forests are now under protection from logging.  
By using synthetic materials, the strain on these rare woods can be lifted while 
still creating a high-quality instrument. 

 Due to the nature of mass-producing entry level guitars, the 
instrument is low quality and difficult to play.  Using wood presents many 
obstacles including, but not limited to, material variation and physical changes 
due to changes in the surrounding environment as well as the environmental 
impacts of over-deforestation of rare topical woods.  By researching the 
possibilities of using composite materials to manufacture guitars, entry-level 
musicians may no longer be constrained to either buying an expensive high-end 
guitar or buying a much lower quality instrument.  The entry level market is the 
largest in North America and a higher quality, easier to play instrument would 
have the opportunity to be very successful   Therefore, the objective of this senior 
design group is to utilize a material blend made from composites to manufacture 
an acoustic guitar that has desired sound characteristics  
 

Constraints on the Solution  
 

The soundboard of an acoustic guitar must satisfy three design criteria: 
structural, acoustic and aesthetic. The aesthetic criteria are determined by the 
sensorial properties of the materials and the finish of the materials. To satisfy the 
acoustic criteria the soundboard must have the freedom to move. The 
soundboard must also resist twisting, bowing and other displacements that occur 
as a result of the spring tension in order to satisfy the structural criteria. An 
excessively stiff soundboard will resist movement resulting in poor tone and low 
volume. Also, an overly heavy soundboard will reduce the ease with which it may 
be set in motion because of its large inertia. This also causes a negative effect 
on the tone and volume.  Therefore, a high stiffness-to-mass ratio is desirable in 
acoustic guitar soundboards. A high stiffness-to-mass ratio can be measured by 
looking at the material properties, such as Youngôs Modulus and density, and the 
component geometry, such as second moment of area and volume [18]. 

In order to fulfill the structural criteria the soundboard must resist 
deformation, collapse, and damage. It must have a good surface hardness; 
however, the primary concern is the tension in the strings. The spring tension is 
typically 1000N and is exerted directly through the saddle and the bridge. Wood 
soundboards, such as spruce and cedar, have wood braces that are bonded to 
the underside of the plate for structural reinforcement and sound modification 
[18].  The braces are glued to the underside of the soundboard in a diverse 
variety of patterns. The bracing of traditional acoustic guitar provides the 
soundboard with reinforcement for the string tension. The curvature and varied 
thickness of the soundboards also determines the strength of the soundboard 
[19]. 

A type of bracing called óXô bracing was developed in the 1930ôs by The 
Martin Guitar Company. Variations of this type of bracing have since been 
adopted by other manufacturing. Below is a figure of an example of the óXô 
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bracing.  The main cross brace is made up of the two large intersecting braces 
(the big X).  The main cross brace provides longitudinal stiffening which is 
parallel to string tension and the wood grain of the plate (along the y-axis in the 
figure).  It also provides transverse stiffening which is perpendicular to string 
tension and the wood grain of the plate (along the x-axis in the figure). The 
strings also produce a downward force on the soundboard because the strings 
pass through the saddle bridge at an angle. Therefore, the main cross brace also 
provides protection against inward bowing [18]. 

 
Figure 6: Generic 'X' bracing 

 
A composite fiber reinforced resin matrix compared to wood has a 

relatively higher degree of energy absorption which causes a problem in trying to 
achieve the ideal traditional sound of wood. A lower degree of energy absorption 
is desirable for sustain qualities and harmonic clarity, however, the lower degree 
of energy results in excess of high frequencies. Other factors that affect the tone 
quality in the composite material are the resin to fiber ratio, fiber orientation, resin 
type, resin cure temperature, the preload fiber tension, fiber modulus of elasticity, 
area, unit density, and the multitude of structural functions [19]. 

The bracing of traditional acoustic guitar provides the soundboard with 
reinforcement for the string tension. The braces are usually lengths of wood 
glued to the underside of the soundboard in diverse patterns. The curvature and 



8 

 

varied thickness of the soundboards determines the strength of the soundboard 
[19]. 

The acoustic criteria refer to the timbre, projection (loudness), and 
playability (response) of a guitar. An important point that must be noted is that 
acoustic properties vary widely across different guitar models. Musicians find a 
wide range of projection, playability and tone acceptable for a guitar. This is 
because they want the guitar to correspond with a particular type of music, such 
as rock, jazz, folk, etc, or playing type. Therefore, the notion that composite 
material will produce a better sounding guitar is misguided. Instead it is more 
important to see composite material as a means of equaling or extending the 
range of acceptable guitar sounds or potentially surpassing the performance of 
some music types or playing styles [18].  

Guitar makers know that a change in species of tone wood or a changing 
in bracing pattern can have a dramatic effect on the acoustic characteristics of an 
instrument. Supplemental braces are added to regions of the soundboard to alter 
acoustic characteristics, rather than to supply extra reinforcement. Tapers are 
added to the ends of the braces as they approach the perimeter, in order to avoid 
overly stiffening the soundboard-sidewall joint as well as to reduce the mass.  
Time and cost are also constraints on the project.  The time frame of this project 
is about nine months.  The time does not allow for much, however, it is enough to 
produce something significant. There is also a budget for the project. Most of the 
material required will be covered by the sponsor; however, the manufacturing 
cost will come out of the budget.  
 

Statement of Work 

Design Feasibility Study 
 

There have been several attempts at prior acoustic guitars; the following is 
an overview of several previously constructed composite guitars that are 
commercially available: 

 
RainSong Graphite GuitarsÊ 
 

RainSong guitars are all-graphite acoustic guitars. The body, neck, fret 
board, and bridge are all made out of pure graphite/composite. Soundboard 
bracing is needed in traditional acoustic guitars for structural support, but is not 
needed on a RainSong guitar because the soundboard has uniform stiffness. 
The weight of the bracing limits the acoustic volume of a guitar, and because 
RainSongs have no bracing they are dramatically louder than traditional guitars. 
RainSongs have a different tone than traditional guitars. Because RainSongs are 
made out of graphite instead of wood, RainSongs produce a unique sound (not 
better, unique). Graphite is impervious to humidity and temperature changes, the 
soundboard will not belly, sink, or crack and the neck will not warp in climate 
change. RainSong believes that graphite should not be covered up, and uses a 
guitar finish that protects the guitar and makes the weaves of the graphite as 
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visible as possible without dampening the sound. Because graphite is a natural 
enhancer of electrical energy, RainSong has also developed pickups for their all-
graphite acoustic guitars. The specifications for a RainSong guitar model can be 
seen in Figure 7 [19a]. 

 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 7 
 
 
 
 
 

 
 
 
 
 

Figure 7:  Rainsong Acoustic Guitar and specifications 

 
 
 
Composite AcousticsÊ 
 

Composite Acoustic Guitars are also all-graphite acoustic guitars. In 
addition to the basic advantages of a graphite material listed in the RainSong 
section, Composite Acoustics creates guitars with cutting edge ergonomic 
designs as well as multiple finish options including 3 finish designs, each design 
with anywhere from 1 to 6 colors. One Composite Acoustics model, "The Cargo", 
is an acoustic travel guitar made from composites. A review in "Acoustic Guitar, 
Issue #198" stated that "the Cargo's intonation is excellent. There is a spacious 
feel on the fret board. The Cargo is excellent for finger picking, and loud enough 
for a rowdy campfire jam. However, vigorous strumming strips the guitar of its 
overtone rich character. Furthermore, the Cargo comes equipped with a pickup, 
but the bass-rich qualities become a handful when amplified". The specs for "The 
Cargo" can be seen in Figure 8 [19b]. 
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Figure 8:  Composite Acoustic ñThe Cargoò picture and specifications 

 
AdamasÊ 
 

Adamas guitars have a composite soundboard secured to a round back 
body. Adamas calls their composite soundboard a Fibronic soundboard. It is built 
with two 0.005" carbon graphite outer layers with a 0.035" birch veneer 
sandwiched in the center, all bonded together at 250°F. The carbons fibers run in 
a longitudinal direction parallel with the neck of the guitar, the birch veneer grain 
is set to a 60° angle to the carbon. This gives us a membrane that is one-third 
the thickness of a spruce top, but is still extremely rigid. Adamas guitar's also 
have a "fan bracing" pattern, consisting of 9 lightweight braces, whose object is 
to provide optimum transmission of the strings vibrations across the top with 
minimum flexibility restriction. Adamas has also replaced the traditional center 
sound hole with a symmetrical series of holes in the upper bout, increasing the 
top strength. The top of a traditional guitar is heavily braced in order to 
compensate for making such a large hole near the bridge, an area of great stress 
due to the string tension [19c]. 
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OvationÊ Guitars 
 

Ovation guitars make a round back bowl of Lyrachord composites. The 
round back bowl is a semi-parabolic design, 4 different bowls can be seen in 
Figure 9.  

 
 

Figure 9:  Types of Bowl Shaped Bodies 

 
Ovation guitars do not use composite top materials, but instead use high 

quality woods. However, Ovation does make guitars with varying sound holes, 5 
different sound holes can be seen in Figure 10. Each sound hole has a different 
function. For example, according to the Ovation engineers, the 5 piece epaulet 
lets sound com through at pivotal regions of the soundboard, the bass side 
epaulets produce a richer bass tone due to the vibrations and movement of air  
within the guitar, and the wave sound ports give maximum clarity and volume 
because they are place in the prime acoustic regions on the guitar top [19d].   

 
 

Figure 10:  Variations of sound hole placement in ovation guitar 
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Background of Composite Materials 
 

Composite materials are a combination of materials that utilize the 
material properties of individual materials.  The new material exhibits the 
characteristics of both materials and creates a new one altogether.  There are 
several advantages to using composites.  The greatest being the ability to add 
strength and stiffness while decreasing the overall weight.  The fact that in can 
be molded in to a desired shape is also very beneficial.  It allows composites to 
be used in a wide variety of applications.  Composites can also exhibit chemical 
and physical properties such as resistance to heat, chemicals, and the elements 
that are not available in raw materials [20]. 

The majority of composites utilize two basic agents, the reinforcement; this 
is the material where the strength and stiffness come from.  This is combined 
with a binding agent, or resin.  This keeps the reinforcement in a set position to 
allow for the desired properties.  This binder is also used to protect the 
reinforcement, which may its self be brittle, flexible, or breakable [20]. 

The orientation of how the composite is laid between each layer is a very 
crucial variable in composite design.  The angle determines if the composite is 
isotropic and independent of the direction of the applied force or orthotropic, an 
orientation that is dependent of the direction of the applied force.  This is a 
characteristic that takes in to account the end use of the composite material and 
is important in the early design stages. 

To create composite materials, the reinforcement and the binder must be 
combined under high pressures.  This is normally done by using a vacuum pump 
that applies uniform pressure on the combined materials.  For unique and curved 
surfaces, a mold must be created in the desired shape.  This is either created out 
of a plaster or wood material. 

Once the mold is produced, the fabric is laid upon the mold in the desired 
orientation.  It is then covered in the resin, making sure all parts of the fabric are 
covered and any trapped air is forced out.  A vacuum bag is placed on top of the 
mold, completely covering the material and resin.  It is attached to a high 
pressure vacuum.  The air is removed, resulting in an equal distribution of 
pressure throughout the fabric.   After a period of time, the composite is allowed 
to set and dry.  A rigid shape is produced.  The desired composite part is then 
machined from the molded shell, leaving the desired parts.   

Figure 11 [20] shows the general process technique for a sandwiched lay 
up of a composite.  First the resin is poured, followed by the composite fabric.  
More resin is then applied.  If a core is included, the core is added next, followed 
by a final layer of resin and fabric.  The vacuum bag covers the combined 
components.  
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Figure 11:  Diagram of sandwiched composite lay up 

 

Methods of Solution 
 

To arrive at a working composite acoustic guitar, organized and detailed 
planning for the design must take place.  The group has decided to model the 
composite guitar out of an existing guitar.  Precise handmade measurements of 
the existing guitar will be taken. With accurate dimensions taken, a digital model 
will be created.  This will allow the group to make key decisions on several 
design alternatives.  Structural and vibration analysis will also take place.  Once 
the digital model satisfies the requirements, manufacturing can take place.  This 
will be done using a wet-layup technique.   The manufactured guitar will then be 
physically tested and compared with the analysis to determine a successful 
design project. 

The guitar that will be replicated and used as a starting point for the model 
is the Johnson JD-06 Songwriter II.  This was chosen due to the availability and 
symmetric shape involved.  This guitar was donated for use by the group from 
AXL Music.  Since there is no known available blueprint for this particular guitar, 
physical dimensions will need to be taken.  Utilizing the specifications, a digital 
model can be created using a high end CAD software package. 
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The process to create a composite acoustic guitar begins with designing 
the guitar in a Computer Aided Design software package.  Using the latest 
version of PTCÊ Pro Engineer Wildfire 4.0, the guitar will be digitally modeled.  
The digital model will contain accurate representations of the guitar.  It will be a 
1:1 scale of the model Johnson JD-06 Songwriter guitar.  With this digital model 
created, several design factors can be tested and analyzed.  Proper material 
planning can take place and an accurate estimate of the amount of composite 
needing to be used can be determined.  This is beneficial as it will provide useful 
material quantity and cost estimates.  In particular, the digital model will be 
beneficial in determining variables important to the overall design.  

Software will also be used to analyze the structural characteristics of the 
guitar.  ANSYS is a very detailed finite element method software program that 
can provide important analysis which will help the group make conclusions 
relating to the structure of the guitar.  ANSYS will be used to determine the 
strength and stiffness of the guitar.  It will also be beneficial in determining the 
fundamental natural frequency and natural modes of the composite material that 
will be used.  In ANSYS, the orientation of the fabrics can be modeled and 
analyzed.  By varying the angle of the fabric, different material properties will 
become apparent.  This software will assist in determining the optimal orientation 
and angle. Already conducted modal analyses for Acoustic Folk Guitars and Arch 
top Jazz Guitar can be seen In Appendix E. 

The following are several variables specific to the guitar which will be 
researched and analyzed using the 3D modeling software and finite element 
package: 

 
Bracing 

Soundboard bracing is needed in traditional acoustic guitars for structural 
support, but can be eliminated by creating a soundboard with uniform stiffness. 
The weight of the bracing limits the acoustic volume of a guitar [21]; therefore a 
guitar without bracing will be dramatically louder than traditional guitars. Because 
all-composite guitars are made out of carbon fiber or graphite and not wood, an 
all-composite guitar will create a different sound than that of traditional wooden 
guitars.  

 
Portability 

Attempts have been made to create a guitar that is small in overall size 
but has the playability and sound of a full sized guitar. The biggest issue with 
travel guitars is that they are usually about 90% of the size of an acoustic guitar, 
with no opportunity to make the guitar any smaller. At 90% of the full size, the 
travel guitar will give the traveler all of the same traveling problems as a full sized 
guitar, making it pointless. And that is without even considering the effects on 
playability and sound. In different reviews, the reviewers of travel guitars have 
claimed that the fret board of the travel guitar allows the same level of playability 
of a full sized guitar, but apparently the sound of different travel guitars is 
affected with vigorous strumming [19b].  
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Body Shape 

Different round back bodies have been made for guitars as seen in Figure 
9. The round back body can be made of wood, plastic, or composites as well.  
Round back bodies have been made to make a more ergonomic guitar. For 
example, the contour bowl in figure 9 is designed to fit the contour of the playerôs 
body. In addition to comfort, round back guitars are much lighter than traditional 
guitars, and consequently louder [22]. 

 
Sound Hole 
Traditional center sound holes have been replaced with symmetrical series of 
holes in the upper bout, increasing the top strength. The top of a traditional guitar 
is heavily braced in order to compensate for making such a large hole near to the 
bridge, an area of great stress due to the string tension [23]. Relocating the 
sound hole eliminates that problem.  
 
Frequency Response Function (FRF) 
 A good instrument is quick to respond and sustains notes well [24]. Guitar 
lovers in particular prefer a relatively long sustain. Response time is known as 
ñattackò, and it is the rise time of a frequency plot (time to reach 37% max 
height). Sustain is the decay time of a frequency plot (dissension time from peak 
to 37% max height) [25]. A sound spectrum is a plot of how intensity (amplitude) 
of a particular sound varies with sound [26]. People generally prefer a non-
uniform spectral response, i.e. varying amplitudes [27]. Looking at the frequency 
response functions of varying materials, comparisons will be made and an idea 
will be formed of what the frequency response function of a good sounding guitar 
should look like. A carbon fiber versus wood frequency response comparison can 
be seen in Appendix F. 

 
 Based on the results of the modeling and analysis done on the digital 

prototype, changes will most likely be made from the base design.  Having the 
digital model makes these changes easily modifiable and time efficient. 

 

Manufacturing 
 

Once a successful model is created and properly analyzed, the actual 
manufacturing of the guitar can take place.  The following processes are 
fabrication techniques recommended by Mr. Karl Bernetich, the external advisor 
to this senior design group.  He has vast experience in using and fabricating 
composite materials as an engineer with The Boeing Company. 

 The material fabric used for this guitar will be carbon fiber.  The main 
component to be manufactured will be the soundboard; this will be a flat 
composite wet layup.  A sheet of carbon fiber fabric will be laid out and covered 
in EA9396 Epoxy on top of a flat surface.  The best surface to use would be 
glass, so attempts will be made to use a glass area wide enough for the layup. 
The amount and orientation of fabric and resin layers will be determined 
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according to the structural analysis.  This will then topped with a vacuum bag.  
Any air will be forced out making sure the vacuum bag is in uniform contact with 
the materials.  The vacuum pump will force any existing air out.  The result will be 
a constant uniform pressure distributed throughout the materials. This layup will 
then be placed in an oven and cured at 250 degrees Fahrenheit. 

   Once dried, the outline of the soundboard will be traced out.  A milling 
machine will be used to remove excess material and epoxy from the laminate of 
composite material.  The use of the Haas Mill in the Drexel Machine Shop will be 
used for this particular step. The edges will be smoothed out and the laminate 
will be shaped to the determined dimensions. 

Once the soundboard is complete, the body of the guitar will need to be 
created.  This will be done by creating a mold of the body shape that was 
determined to best be suited in the design phase.  A three inch Styrofoam block 
will be used to create the mold.  Material will be removed from the block and an 
imprint of the desired body shape will be formed.  The mold will then be covered 
in sheets of the composite carbon fiber fabric.  The EA9396 resin will then be 
poured over all exposed fabric.  This will be done for each necessary layer.  A 
vacuum bag will then be placed on top of the composite covered mold.  Air will 
be manually forced out and then the vacuum pump will be turned on.  The 
pressure will be distributed evenly and allowed to cure in the oven at 250 
degrees.  After the proper amount of time, the mold will be removed, revealing 
the profiled guitar body.  Any excess material will be machined off, and the body 
will be ready for assembly.   

If the structural analysis reveals that bracing will be necessary this will 
need to be fabricated and placed on the underside of the sound board before it is 
combined with the body.  An epoxy will be used to attach the soundboard and 
body. 

The guitar neck will be used from an existing guitar.  It will be affixed to the 
composite soundboard and body by using a threaded bracing system.  The 
strings will then need to be properly aligned along the bridge and attached at the 
neck.  The strings will be set at the desired tension and the guitar will be tuned 
and ready for testing and validation. 

 

Testing and Validation 
 

When the final assembly is complete, the testing and validation can take 
place.  This testing will be carried out in two fashions.  A subjective and objective 
approach will be used.  The subjective method will take place using professional 
musicians and trained music experts to determine the sound and feel of the 
guitar.  Faculty members of the Drexel School of Arts and Sciences Music 
Department will be sought out to assist.  Local musicians will also be used to 
provide a varying viewpoint.  The sound of a guitar is unique to the person 
hearing the tones produced, however a general consensus on the overall sound 
and feel will be determined from these field tests. 

 The objective method will take place by using a shaker table apparatus 
provided by the Drexel University Department of Civil Engineering to perform a 
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Chladni pattern sound test.  In this process, the soundboard will be constrained 
to the shaker table.  Sand is then placed on top of the soundboard.  The table will 
then resonate at certain frequencies forcing the sand to form in to different 
patterns.  These patterns correspond to certain fundamental modes.  Once the 
fundamental natural frequency is determined, the remaining natural modes can 
be determined.  This data will be compared with that of the vibration analysis 
from the finite element software and in theory should be similar.  Stress and 
tensile tests will be performed to prove the stiffness and structure of the 
soundboard and its ability to withstand the tensile forces from the guitar strings.  
This will validate our digital model, producing an accurate and well planned 
design. 
 

Societal and Environmental Impact 

Environmental Impact 
 

The general concern of our natural environment has been increasing 
recently due to the threat of global warming. The concept of the Earthôs 
temperature rising is theorized to be directly proportionate to manufacturing and 
expansion of our economy, namely harmful deposits or cutting of trees and 
plants. Trees in essence absorb carbon dioxide and release oxygen, and in the 
process cool the surrounding temperature, which are our most valuable ally for 
survival. Wood-cutting is a threat to trees and species of trees that are close to 
extinction. Worldwide demand for wood has increased by 64% since the 1960ôs 
[32]. Each year the United States loses 10,000 km2 of intact forest due to 
instrument makers. Using only 150 logs each year of a species of tree to make 
the guitar [32], the amount of wood used is insignificant but various other factors 
make guitar makers environmentally dangerous. The first is that they cut different 
species of trees, often ones that are rare. Secondly, in order to reach the rarer 
woods, they chop down a large amount of forest to reach them. Older trees are 
cut due to the belief that an older wood gives a better tone.  Many trees are cut 
from South America and are now endangered [33].There are companies that are 
aware of the environmental impact that wood-cutting costs, that have changed 
their manufacturing process and limited their wood-cutting to abundant trees 
[32.33]. The more environmentally friendly, composite acoustics, if mass 
produced such as the current wooden acoustic, would not contribute to global 
warming as much. Although, it is true that burning of fossil fuels emit clouds, 
which create a barrier that holds heat longer, yet the contribution is less to 
warming the atmosphere than wood-cutting. This is due to the amount of material 
needed. Since composite material is more resistant to environmental change or 
corrosion, it has a longer life; therefore, fewer guitars are made. Since, it is 
lightweight it is easier to dispose of and recycle [34]. Thus, the composite 
material saves more trees and is easier to handle. 
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Societal/Ethical Impact: 
 
 As stated before, high-end guitars are typically hand-made by highly 
skilled luthiers.  The craftsmanship is of the highest quality and much pride is put 
into their work.  The work is a product of generations of traditions passed on 
through the years.  Robert Benedetto is a highly skilled luthier who specializes in 
Arch-Top acoustic guitars.  Benedettoôs craft is ñsteeped in age old traditionsé  
He crafts all the parts of each instrument, and assembles all of them by hand, 
one instrument at a time [17].ò  
 However, by introducing mass-production and non-traditional materials, 
the traditional aspects of guitar making take a lesser role.  Many traditionalists 
may be apprehensive to these changes and the high-end market may be slow in 
picking up these new techniques in manufacturing and design.  Also, many of the 
older acoustic guitar companies may also be slow to move towards synthetic and 
composite materials due to limitations in their manufacturing capabilities.  
Retooling a factory that has solely produced wooden instruments may be difficult 
and cost prohibitive for most companies.   
 The largest impact will be to the entry to mid level guitar.  The entry-level 
market is by in large the biggest market in North America.  Because of this, most 
entry-level guitars are mass produced to keep prices low and supply high.  
However, as stated before, this leads to a lower quality instrument that is difficult 
to learn to play.  By switching over to synthetic materials, the quality of the 
instrument can be greatly improved by still keeping costs to a minimum.  And 
because synthetic materials lend themselves to mass production better than 
wood, a more consistent instrument can be constructed.   
 

Project Management Timeline 

 
Appendix C shows the project management timeline. The first column 

shows the different tasks to be undertaken in order to complete the senior design 
project. Though most of the tasks have their own time line, they are all 
interdependent. 

The first task is to form project teams and pick a project. The second task 
is to perform a survey of literature in order to attempt to learn everything that has 
already been discovered regarding the project topic. As more and more is 
learned from already existing literature, the project will be continually redefined, 
so the survey of literature has an effect on every task listed below it in the project 
timeline. 

The third task is the pre-proposal, which is due on 10/19/09. Before 
working on the pre-proposal a certain amount of the literature has to be 
surveyed. 

After the pre-proposal is finished, the rest of the project will be planned, 
which is the fourth task. The pre-proposal needs to be finished before planning 
can be done so that there is a certain idea of what needs to be accomplished. 
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The fifth task is developing a concept. The concept that is chosen has to 
meet with the time constraints set forth in our plan. After a concept is chosen, the 
sixth and seventh tasks, the written proposal and proposal presentation can be 
completed. The proposal is due on 11/24/09. 

During the next few months the product will be designed (task eight). A 
written progress report (task nine) is due on 3/2/10, it should document all of the 
product design progress. There is also an oral progress presentation (task ten) 
on 3/2/10. 

Once the design is complete, the design should be tested, validated, and 
refined (task eleven). This needs to be completed before the Abstract for CoE 
Senior Design Booklet (task twelve) is submitted so that the abstract can 
reference the final design. The abstract is due on 4/13/10. 

Last, the final design will be produced (task thirteen). The final design 
needs to be produced before our final report is submitted. The final report (task 
fourteen) is due on 5/11/10. There is also a final presentation (task fifteen), which 
takes place on 5/18/10. 
 

Gantt Chart 
 

Appendix B is a Gantt chart laying out how the product will be designed, 
tested, validated, refined, and produced.  First, a basic model will be chosen for 
testing. This model should include all dimensions and materials of the guitar 
(modeled after the supplied Johnson JD-06 Songwriter II). This guitar will be 
modeled in ANSYS and a Modal and Vibration Analysis will be performed. 
Knowledge gained from the survey of literature will help with the interpretation of 
this analysis. Next, the acoustic and graphite guitars already provided, along with 
additional research, will be used to research Frequency Response Functions of 
guitars. The guitar model will be modified in order to create a guitar with a fast 
ñattackò, long ñsustainò, and a non-uniform spectral response. ñAttackò is the rise 
time (37% of peak) for a frequency response function, ñsustainò is the decay time 
(peak to 37% of peak), and a spectral response is a plot of how the intensity 
(amplitude) of a particular sound varies with time. A non-uniform spectral 
response is a spectral response where the sound intensity actually varies. The 
model should be continually modified in order to optimize the Modal and 
Vibration Analysis as well as the FRF analysis. 
 After a model is designed, it will be manufactured. In order to validate the 
model, it needs to be tested on 3 grounds. First, modal and vibration testing will 
be done with Chladni pattern sand testing. Second, FRF testing will be done by 
recording the guitar being played. Third, guitarists will be asked to play the guitar 
and give feedback. After these tests are performed, all feedback given from them 
will be used to refine and possibly redesign the guitar.  
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Economic Analysis 

The manufacturing process will start once the desired design is approved.  
First, a template of the desired guitar shape will be made using mould process of 
a guitar. Once the structure is made with the accurate measurements, a 
fiberglass lay-up method will be next. To prepare this wet lay-up, which will be 
used with epoxy resin, aluminum foil or wax paper is needed. Once the lay-up is 
used with the epoxy resin it will harden. The fiberglass will then be set to the 
shape of the mould. The mould has to only be made once and can be used as a 
template for future guitars. Once it is let dry any unnecessary contractions will be 
removed and the product will undergo inspection and cleansing. At this stage 
measurements will be taken and smoothening of edges. If desired, paint can be 
used. Lastly, the guitar parts discussed in the budget will be used and placed 
appropriately at the given locations.  

 

Manufacturing Process Cost of Production (estimated) 

Design $30/hr 

Mold guitar shape $25/hr 

Inspection $20/hr 

Paint application (optional) $30/hr 

Component assembly  $20/hr 

Total $125/hr (considering an hour for each 
process) 

Figure 12:  Labor budget 

 
The numbers considered once compared to the current cost of composite 

acoustics (see Appendix##), our total price is less. The comparison is made by 
rough estimate of labor cost and time for the manufacture per process. The 
materials needed are listed below. 

 

Material Source Price (estimated) 

Carbon Fiber Cloth, 3 yards 
(3101-C) 

Fiberglast.com $320 

Epoxy Resin EA9396 (162235) ChemCenters.com $150 

Wax paper / Aluminum Foil Home depot $5 

Guitar Parts (budget) Team/University/Boeing $170 

Paint (optional) Home depot $20 

Total  $665 

Figure 13: Material budget 

 
The combined total is less than $1000. The competitors on average sell 

their new composite guitars at a minimum of $1800. There is room for error as 
well as profit.  
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Budget 
 
 The budget for the Acoustic Composite Guitar senior design group is quite 
low due to the availability of materials and the generous donations of several 
sponsors of the group.  The wooden guitar used as the control and which the 
digital model will be based on was donated by AXL Music.  The design and 
stress analysis software will be accessed and used in the Drexel MEM computer 
laboratories.  The composite materials, along with the necessary processing and 
shaping tools used to generate the guitar will be provided by Mr. Karl Bernetich 
and The Boeing Company.  Any machining and processing will take place in the 
Drexel Machine Shop.   There will be several parts that will need to be purchased 
and are outlined in the following: 
 
 
 

Item Source Price (estimated) 

Guitar Strings (Pack of 10) Guitar Center $39.99-$49.99 

3 x 3.5 x 8 inch Styrofoam blocks  A.C. Moore $7.69 

Threaded Mounting Bracket (Pkg.) McMaster Carr $7.00 
Loctite Quick Set Epoxy 1 oz. A.C. Moore $4.94 

Figure 14:  Senior design group budget 

 
The overall budget will be roughly $70. This is a pending budget, and may 

change in the future due to further engineering analysis and design changes. 
 
 
 

Summary and Conclusion 

 
 This proposal was created to give a detailed plan of action for this design 
group.  It contains a great deal of research gathered through various sources 
including journals, research articles, electronic databases and personal 
experience dealing with the subject matter of acoustic guitars and composite 
materials.  With a solid background, a plan of action was created.  The method of 
design was thoroughly thought through and meticulously planned.  If executed 
properly and in the allotted timeframe, the design deliverables will be 
successfully fabricated and a greater understanding of the acoustic and vibration 
properties of composite materials will be achieved by each group member. 
 From the research and work already invested in to this project, it is clear 
that the use of composites is a design material and process that will continue to 
grow in the future.  Composites are a very valuable material in many aspects of 
the mechanical world.  With this design project, the use in one particular area will 
be studied, but the impact that it can have on other areas will also be discovered. 
  



22 

 

Appendices 

Appendix A: Task Tree (Project Management Organization Chart) 
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Appendix B:  Gantt Chart 
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Appendix C:  Project Management Timeline 
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Appendix D:  Wood Selection [28] 
 

Bldg Archtop Notes (10/9/09)

-Wood Selection

-Kiln dried woods, 6% moisture content

-Air dried, no less than 20 years for a 
master grad instrument

-Flat sawn wood unacceptable, quarter 
sawn best

-Wide grain mellower and less stiff than 
close grain

 

Bldg Archtop Notes

-Wood Selection

-Maple best choice for back plate

-Back Plate just as important as front plate

-5ƛŦŦƛŎǳƭǘ ǘƻ ƭƻŎŀǘŜ мтέ ǿƛŘŜ ǿƻƻŘ 
pieces, thereofre 2 pieces are usually 
used

-Side should match backplate in color, 
grain, and figure
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Bldg Archtop Notes

-Wood Selection

-Neck

-Lighter instrument is more acoustically 
sensitive

-5ƻƴΩǘ ƳŀƪŜ ƛǘ άǘƻǇ ƘŜŀǾȅέ όƴŜŎƪ ƘŜŀǾƛŜǊ 
then body)

-Mahogany is lightweight and strong

-Soft maple is aesthetically pleasing
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Appendix E:  Modal Analyses [29,30] 

Modal Analysis of an Acoustic 
Folk Guitar

-Use microphone instead of an 
accelerometer

-Phase and amplitude of motion 
compared to body matches what we 
expected for various nodes of guitar

-Low frequency modes are 
dominated by strong coupling 
between the motion of the top plate, 
bottom plate, and air cavity

 

Modal Analysis of an Acoustic 
Folk Guitar

-At 59Hz, guitar bends like free beam

-At 103Hz, plates (top and bottom) 
expand outward with opposite phase

-At 108HZ, top plate and air cavity 
move together in phase

-Bottom plate opposite to top with 
much less amplitude

-At 202Hz, bottom plate same phase 
as top plate, significant neck bending
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Modal Analysis of an Acoustic 
Folk Guitar

-At 223Hz, same as 202Hz except air 
in sound hole is not moving relative 
to the top plate

-At 262HZ (0,1 node) top and bottom 
move with opposite phase, bottom 
has much larger displacment

-At 315Hz (1,0 node) top and bottom 
move in opposite phase

 

Modal Analysis of an Acoustic 
Folk Guitar

-High freqeuncy contributes much 
less to sound radiation from the 
guitar

-Top and bottom plates move 
independently of each other
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Dynamics of an Archtop Jazz Guitar

- Test Methods

-Freely supported

-Rigid body frequencies no larger than a few Hertz

-Excited using small electromechanical shaker

-Top response measured using a scanning laser 
vibrometer

 

Dynamics of an Archtop Jazz Guitar

- Results
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Dynamics of an Archtop Jazz Guitar

- Results
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Appendix F:  Carbon Fiber versus Wood [31] 
 

Carbon Fiber vs. Wood as an 
Acoustic Soundboard

 

Carbon Fiber vs. Wood as an 
Acoustic Soundboard

-Comparison Data-Transient Soundboard 
Response

-Carbon Fiber is stiffer
-Peak occurs at higher frequency and is less intense

-Wooden soundboard peaks more spread
- Mellower sound

-Carbon Fiber peaks narrower, higher
- Crisper Sound

- Guitar is Louder (more efficient transfer of energy to 
soundboard)
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Carbon Fiber vs. Wood as an 
Acoustic Soundboard

-Comparison Data-Forced Soundboard 
Response

-Open strings of guitar plucked

-Noticeable peaks at transient responses

-Resonances die at about 1kHz

-Over 0-1kHz range, composite guitar has more 
constant response

 

Carbon Fiber vs. Wood as an 
Acoustic Soundboard
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Appendix G: Resumes
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