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Introduction & Motivation Testing the Guitar Body
/ What makes a good sounding guitar sound good? \ / Hammer Impact Method \ / Laser Doppler Vibrometer Method \

 Many guitarists assume expensive strings yield better tones, . Both guitars were suspended
but this belief is rarely backed by data. 0 o df;‘;(‘;‘lffee DOUMEELY . Used a clamped endpin boundary
» Sellers often justify high prices with “brand name” and + Four accelerometers were condition and tied the guitar neck for
n ft hip ” infl . 1 t d tri ® mounted on the back plate. stability. : .
craftsmanship,” influencing players to overspend on strings . The soundbonrd was axeitad . Measured vibrations on the guitar back
with minimal acoustic benefit. with an impact hammer using a PSV-500 Scanning Vibrometer.
] . . . between the bridge and sound * Low-end guitar had 140 scan points;
* This project tests whether string type or guitar body has a hole. o high-end guitar had 155.
greater impact on sound. Cg;zt;\ialsngi?ru?gteentsu;ndg * Glossy finish on the high-end guitar
. . . . ; improved LDV signal compared to the
Using modal analysis, we aim to isolate each factor and . %‘eagfnegdﬂgol‘fcfnﬁ?f];-natural B matte surface.
determine if the cost truly reflects qq}glli%yb r if ton 18 in the Figure [2a]: Experimental Figure [2b]: Modal frequencies and evaluate Figure [4a]: LDV setup for ~Figure [4b]: Shaker setup to ® Setup was used to observe mode shapes
€gd market 1s setup for the impact test. Hammer for the whether the body’s material the experiment the sound board for modal and their relation to p d sound
cording to statisti valued at - ; testing quality.

approximately $19.9 billion,
with entry-level guitars
starting at around $100. On
the other end of the
spectrum, high-end, non-
custom retail guitars can
cost up to $20,000,
depending on
smanship, materi
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gathered by Fender,
approximately 10% of the
world population knows
how to play the guitar.
That means ~806 million
know how to
play/attempted to play
this instrument a few
imes in their lif
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more than strings.
/ Results

Figure(s) [5a]: Shows three

mode shapes of the guitar body:
* 126.9 Hz (left)

« 211.9 Hz (middle)

* 326.9 Hz (right).

They visualize how the guitar
vibrates at different frequencies,
illustrating the nodal and anti-
nodal regions at each frequency.
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LDV Testing w/ Shaker on Bad Guitar Body
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Figure(s) [3]: The coherence spectrum for the low-end guitar showed considerably more noise than the Z & H ‘ | loas g | ('| || Joss
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GUITAR STRINGS m—
Nylon: .

high-end guitar, suggesting leakage or inconsistencies in structure, possibly due to cracks or
construction defects.

/ .= Regular Guitar String Results \

. = Tampered String

$14.90
\Figure [1]: For this experiment, we tested two different string materials at three separate/

\Figure(s) [5b]: Once again, the coherence for the low-end guitar appeared far noisier than for t}y

price points to determine whether the strings significantly impacted the acoustic quality of a
guitar.

What is Modal

Figure(s) [9]: The frequency spectra

‘ ; v 100 ITaped \r.s.!.lntaped Strllng,Dnolel 100 Fllshlng Linelv.s. Nylon Sltrlng,Anotle Obtained from us1ng the pWGlCh
- DN - i aire function on MATLAB
. . uitar (ri ht) were suspended using string in a free free L = | ¥ 2
What is Modal Analysis? g q J diti duce dampi | s 3 1] g | stronger and more defined
oundary condition to reduce damping. . = 10 harmonic peaks.
.. . : : : Figure [8]: We tested the guitars with non-standard s | 3 p
Modal analysis is a way to figure out how a structure vibrates. It tells * Acoustic testing was done using Crystal Instruments string setups. + Taped strings and fishing line
us the structure’s natural frequencies, damping, and mode shapes. We 23231?;32% eritla @Ren sring pinekeel 12 e sl . On the left guitar, we used two bronze D strings: the £ ool LY yoy proiuce weaker, less distinct
: : ' left one was taped, and the right one was untaped as a kS < | peaks.
excite the structure and measure how it responds. That response, . Signals were sampled at 51.2 kHz with an 18.5 kHz g P g P J . The decay time is longer in
which can be hard to interpret on its own, gets turned into a set of frequency range. - On the right guitar, we used a fishing line on the left | | | | | | | | regular strings, resulting in
simpler vibration properties called modal parameters. * A microphone was placed 10 cm from the soundboard, side and a nylon string of similar thickness on the o 2 s 6 8 10 0 : e : 10 greater sustain.
whlch gave the most consistent resplts. | right, tuned to an A note. Peak ()  These characteristics create more
. * This sqtup} tested hO.W string material and price affect We wanted to see if any string could be used to play the resonance and tonal clarity.
How Are the Structures Excited? the guitar’s harmonic p itar and whether the guitar is designed specifically for . * These qualities are what makes
We use two methods: impact hammer and modal shaker. acoustic strings or if other materials can work. COHC].“S].OI]. the guitar sound more “pleasing
- The impact hammer gives a short, controlled hit and is good for to the ear
simple structures. | | | Results | | / Different-cost strings of the same material have a subtle, often negligible\
* The modal shaker applies continuous force through a thin metal rod = $ Bronze String T $$ Bronze String = $$$ Bronze String impact on acoustic modal quality
called a "stinger™. It can run different signal types like random, burst - s Nylon Strin 7 $$ Nylon Strin B $$$ Nylon Stri * The guitar body’s quality, size m.aterial and construction have a greater
random, pseudo-random, or chirp to excite a range of frequencies. i Y I ‘Szfv P 2 yIOH SEY P gnce on Soy nc? Y ’ ’ J
LOW F.: 1Iniiu u .
How Is the Response Measured? e = “ o \ _———= T = ° Sour}d quality is subjec’:tlye, shaped by spectral balance, materials, build
We attach a force sensor and an accelerometer to the structure to |k | | 5" | g l‘ e | 5| | | quality, and the player’s intent.
. . . . g ) 1 | h g o ] g o 1 . | | n 1 : ] S o . . . . . . . . . .
record the input and output signals. A Dynamic Signal Analyzer collects w/ bl ; | LA [t sl 1 * No single acoustic metric reliably predicts guitar quality, and individual
. e . g W | | g | S MW Ny g | , . . . .
From this, we get two important results: ! | gy b y ‘*‘:‘:A\’N*‘M“ T | F ) YA W e Lo VRN
. . L i yw _ 3
« FRF (Frequency Response Function): compares response to input ) ool ) pul R R ) References
aCI‘OSS all frequencies‘ Peak (#) Peak (#) Peak (#) Peak (#) / \
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€ S1gNnalS are processed 11 using runctions like pwelicn to . | ‘ | | . | , | | . | | | | . | I[l
estimate the Power Spectral Density (PSD). This lets us clearly see the 7 S L e C et " t ey’ g
frequency peaks and extract the important modal parameters. Figure(s) [7]: Frequency spectra from 1/2" pre-polarized free-field condenser microphone after 12 averages This project was sponsored in part by the WPI Dean of Students Office and by the WPI Dean of
: : : . : : proj P part by
when excited by the string. A standard tuned guitar vibrates at a frequency of ~330 Hz for a high E string, Undergraduate Studies Office. | would also like to acknowledge Adam Krzywosz, Celso do Cabo, and Yujie Xi
and ~82.4 Hz for a low E string. Then we utlllzed the pwelch function on MATLAB to calculate the PSD, for their continuous guidance and support throughout this project.
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