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INTRODUCTION

The guitar makershave always madeuse of spruce from Europ to build sound-

boards. They have been recently interested in an other essence: The western
Red Cedar from North America. The soundboard wood is most important for the
instrument sonority, that is why theguitar maker carefully chooses his woods
according to traditional and empiric methods.

The purpose of this study is to extract, from physical measurements on woods,
significant parameters which give some informations on the soundboard acous-
tical behaviour.

Hhich tests on wood does the guitar maker use in his workshop 1

I) when he taps on the soundboard with the index, he looks for a
resonance frequency, the sound propagation speed and the sound damping in
wood.

2) When he bends the board longitudinally and radially, he estima-
tes the respective stiffnesses.

3) He chooses boards with straight fibers and a fine grain ; this
makes the sound propagation better. This tests, usually used by the guitar
makers, give qualitative informations on the resonance frequency - the dam-
ping - the stiffnesses - the density - the sound propagation speed - the
wood structure.

The aim of my work is to make quantitative measurements using three experi-
mntal methods in laboratory :

I) the ultrasonic method measures the propagation speeds in the
three directions (VL - VR - VT).

2) The resonance method gives the longitudinal and radial flexion
modulus' ( - E ) and also the sound damping in wood (Q)

R

3) The microdensitometry method measures the different components
of density. '

The test pieces of investigated woods have been extracted from twelve sound- 7
boards in spruce wood and twelve others in western Red Cedar wood. These
woods of a high quality have beenselected by D. Friederich, guitar maker,
who hadbuilt instruments with these woods before and noted their sound
quality. Finally the interpretation of these measurements includes three
points : '
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I) A comparison between the Hood essences (spruce and western Red
Cedar).

2) Relations between the Hood structure and its mechanical proper-
ties.

3) Relations between the measured physical parameters and the
soundboard acoustical behaviour on the finished instrument.

I - PRINCIPLES OF HESURD‘IENT

In the wood study, theorthotropic model is admitted, so the three anisotropic
directions are considered.
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One megaherz frequency ultrasonic wave is provided by a generator. lhe trans-
ducers are coupled with the sample by a resin. The time of wave propagation
is read on the oscilloscope and it's possible to find the propagation speeds
in the three directions (VL - V - VT).

R

Average'values :
unity = 103 ml:

3:) The resonance method
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This experimentation any“ to calcule the longitudinal and radial ilexion

modulus and also the damping coefficient or dealue.

  

 

  
frequencymeter  

The sample bar, with rectangular cross section, is clamped at one end. To be

made susceptible to magnetic fields, a small ferro-magnetic maas'is glued on

the sample in front of the transducers. Then the sample is excited in vibra-

tion uith_a variable periodic force. Measurements are made at the different

resonant frequencies on the oscilloscope. The-real part, .E', of the dynamic

modulus of elasticity can be found by the formula :

E' - 1.31f"e(%’x g; )1 Unity = dyne/cm2

(Q = density. 1 = the active length. h -= the thickness, kn = coefficient de-

pending an the boundary conditions of the bar). . ‘

By measutenl: of the bandwith (-3dB from the maximum). we‘detemine the

Q-value : Q:

Average values :

 

c) EEQEJS.In_is___r°de-I.si_igeet_tx ,
(h a longitudinal section, a piece of wood presents an age ring for each growth

year. In each age ring, we distinguish a proportion of soft wood (initial wood)

15  
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and a proportion of hard wood (final HDDd) .

Sample of 1,5 mm thickness are x—rayed. More the lignenus matter is dense an_d

more the X-rays are stopped. 50, on the film , the light density regions ap-

pear as dark surfaces. The microdensitameter gives a graphic representation of

each age ring of a sample. An 03¢ ring _
' x £InfllWIAHI.

4°31 _ wood

     

m _

610 —

.327 -

wiry: g/am‘.
These graphes allow to measure: the age ring width - the minimal and maximal

densities - the average density-the proportian of finaluood.

II - INTERPRETATION

he two essences
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The western Red Cedar-wood is lighter, more longitudinally an radially flexible
than the spruce wood. In the western Red Cedar, the sound propagation speed is
langitudinnlly smaller. And the damping coefficient is higher for it. Hith
regard to sound quality, the guitar maker verifies that an instrument, with a
western Red Cedar soundboard, given a longer, softer. more full-bodied sound
than n guitar with aspruce Ioundhoard.

b) Elation between the Hood structure anLthe meflanical Eroperties
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Hhen he chooses spruce orwestern Red Cedar boards with a fine grain, the
guitar maker increases so the, longitudinal propagation speed- (VL).
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More a soundboard has age rings with a strong purcentnge of final wood, and
mare the longitudinal modulus of elasticity is high. -
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When the final wood density increases, the ratio EL/E- increases also.
' R

  

at gtml wood

TL: vanhzl’ions of H11 maenlin‘ speed 6.. kn»: o¥ gun]! wanti-
More the purcentage of final wood is high and more the tangential propagation
speed is low.

 

c) 321 EEEEES!JEEiEQLEEEflE‘EEEEE-EELE'JE   
- Among the twenty four built guitars, the guitar maker mentions eight instru-
ments which present a good sound length. These instrument soundboards have I
the highest Q—value. -

He can see that the Hood dealue directly informs the sound damping for the
finished instrument. *

- The modulus of elasticity ( ) has a great influence on the guitar sound
sweetness. But here it shoud be oped to understand well the combinaison of
two elasticity modulus. EL and ER on the sonority.

CONCLUSION

This unfinished study showsthat it's possible to explain what the luthiers
research in choosing their resonant woods. It especially snow; to establish
relationships between physical measurements on wood and sound results on finished
guitars. At the endI we might be able to extract quantitative parameters on
woods so that the luthiers and the wood sellers know the acoustical behaviour

7!
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of soundboazds that they select.
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