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INTRODUCTION

The guitar makers have always made use of aspruce 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 the guitar maker carefully chooses his woods
according to traditional and empiric methods.

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

Which tests oh wood does the guitar maker use in his workshop ?

1) 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) wWhen 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 propapatiom 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 measuremeénts using three experi-
mental methods in laboratory :

1} the ultrasonic method measures the propagation speeds in the
three directions (V -V - VT).

2) The tesonance method gives the longltud1nal and radial flexxon
modulug - (EL - E ) and also the sound damping in wood (Q)

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

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

2} Relations between the wood structure and its mechanical proper-
ties.

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

I - PRINCIFLES OF MESUREMENT

In the wood study, the orthotropic model is admitted, so the three anisotropic
directions are comsidered, radial
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a) The ultrasonic method
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One megaherz freguency ultrasonic wave is provided by a generator. The 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 directioms (VL - VR - VT).

Average values : :
wmity = 10° m/s Essence VL VR UT-

Spruce 3| 1,7} 1,9
Western R Cedar |[4,8| t,8f 1,9

b) The resonance method
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This experimentation zllows teo calcule (:h'e longitudinal and radial flexion
modulus and also the damping cecefficient or Q*value.

The sample bar, with rectangular cross section, is clamped at one end. To be
made susceptlhle to magnetic fields, a small ferro-magnetlc mass is glued on
the sample in front of the transducers. Then the sample is excited in vibra-
tion with a variable periodic force. Measurements are made at the different
resonant frequenc1es on the oscilloscope. The -real part, E', of the dynamic
modulus of elasticity can be found by the formula :

E' = ﬁB‘ﬂ"'e(%’x %: )l Unity = dyne/cm?

(Q = density, 1 = the active length, h = the thickne:ss, kn = coefficient de-
pending on the boundary conditions of the bar).
By measurement of the bandwith (-3dB from the maxmum) we deterlune the

Q-value : Q= J&

2y
Average values : o
Essences EL ER QL QR
Spruce 12,4 | ©,7]318 135
Western Red Cedar 7,8 0,3 [ 461 167

¢) Method of microdemsitometry

n 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)
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and a proportion of hard wood (final wood).

Sample of 1,5 mu thickness are X-rayed. More the ligneous matter is dense and
more the X-rays are stopped. So, on the film , the light density regions ap-

pear as dark surfaces. The m1crodensxtometer gives a graphic representation of
each age ring of a sample. An u%; ﬂnj
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These graphes allow to measure: the age ring width - the minimal and maximal
densities — the average density-the proportion of final wood.

11 - INTERPRETATION

a} Comparison between the two essences

parameters spruce western Red Unities
Cedar
¢ 0,46 0,39 10 kg/m
E. 12,4 7.8 10",I daN/cm?
0 b 2
ER N, 7 0,3 10" daN/cm
23,2 33,4
ELIER ] L — )
VL 5,5 T 4,8 10* mfs
v ' 1,7 1,8 10% /s ]
Vo 1,9 1,9 100 m/s
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The western Red Cedar wood is lighter, more longitudinally am radially flexible
than the spruce wood. In the western Red Cedar, the scund propagation speed is
longitudinally smaller. And the damping coefficient is higher for it. With
regard to ecund guality, the gu;tar maker verifies that an instrument, with a
western Red Cedar soundboard, gives a longer, softer, more full-bodied sound
than a guitar with a spruce soundbeard.

b) Relation betueen the wood structure and the mechanical properties
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When he chooses spruce or western Red Cedar boards with a fine grain, the
guitar maker increases so the longitudinal propagation speed-(VL).

&
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5%l final wood.
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The variations of Hhe elaskicity medulus € vnkeoms of i wosl

More a soundboard has age rings with a strong purcentage of final wood, and
more the Iongitudinal modulis of elasticity is high.
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When the final wood density increases, the ratio E - increases also,
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More the purcentage of final wood is high and more the tangential propagation

speed is low.

.C) Relations between the measuted physical paramcters and the
guitar maker's judgment

- Among the twenty four built guitars, the guitar maker mentions eight instru-
ments which present a good sound length. These instrument soundboards have
the highest G-value. - .

We can see that the wood Q-value directly mfoms the sound damping for the
finished instrument.

- The modulus. of elasticity (E,) has-a great influence on the guitar sound
sweetness. But here it shoud be hoped te¢ understand well the combinaisen of
two elasticity modulls. El. and ER on the sonority.

CONCLUSION

This anfinished study shows that it's possible to explain what the luthiers
research in choosing their rescnant woods., It especially zllous to establish
relationships between physical measurements on wood and sound results on finished
guitars, At the end, we might be able to extract quantitative parameters on
woods so that the luthiers and the wood sellers know the acoustical behaviour
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of soundboards that they select.
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