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There is frequently a nead to reduce sound radiation due to resonant flexural
vibrations of stiff panels. mummmmvedhmemntanmmﬂ
danping treatment. Conventionally viscoelastic damping mata ara used but
such materials are often not ideally suited for use on industfial machinery
which oftan, incorporate thick material sections, operate ' at elevatad
temperature, be subject to oil or othar eontmmthn or rough handling.

Altermative damping troatments are squeeze film and granular infill treatments.
The phyaical mechanisms of squeeze film treatmenta at work with air and with
henvy fluid ( for ennwln. oil) are reported in destail 1in Raforencas [1} amd
(2)." This paper will concentrate on the dl.scuu:.on of granular infill
treatments, . . '

Granular material such as sand can bo used to ful the cavitien of the
structure components to increase the du'pl.ng It can be useful for high
temperature application and it is very cheap to apply. Losa factors
approaching 0.1 can be achieved over & broad frequency range. N T

™e following sections will dims the basic mechanism of the samnd granular
infill damping treatment at work. Experimental and theoretical results are

Sand bulk and shear elastic constants weasurement ‘ : T
loss using cand -granular infill treatment, the

properties of the sand used have to be known., Pigures 1 and 2 show Che
and shoar elastic constants Dsasuremsnt
h been repeated by varying the hydrostatic

pressura. rmamqmpmmmutmmmm‘l
imaginary part of both moduli at a particular hydrostatic pressure. - At very
low frequencies, the measured rosults are contaminated Dy the movement of the
concrete block on which the oxperimental rigs were mounted. Both tha moduli
increase with frequancias. The moduli are constant at mid-frequencies (1008
to 2000Hz). At high frequencies {above 2000HE) resonant ‘and anti-resonant

Pigures 5 and & give the maasured real and imaginary part of the modull versus
hydrostatic pressurs. The results suggest that the two moduli aro the samo,
giving a Poisson ratio equal to one—eighth. The imaginary part of the modull
incroane slower than that of the real part with increasing hydrostatic
prosgure. This msans that the internal loss factor of tha sand is higher for
low hydrostatic pressura. This ie axpected because high hydrostatic pressure
causes the sand to be tightly packed, the movement Detwoen the sand particles
is restricted and the losses roduced.
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Sand granular infill rediction using two different
In this study, tho darping of plates using the sand granular infill treatmsnt
is predicted using an impedance approach, in which the response of infinite

.wupladuyemmhepredictedbymigninganmmpeth area to each
- layer., The excited plate, however, is assuned to have a bending stiffnesa

higher than that of the attached plate. Thigs means that the impedance per unit
area of the attached plate is mass controlled, that is, the plate can be seen
as equivalent to many small masses which are uncoupled from each other {3].

The loss factor of plates using sand is first predicted using the elastic wave
equations of a Bolid, These include the dilatational and rotational motion in
the medium. AS an alternative to the emact theory, the loss factor is also
predicted using the progressive wave solution to longitudinal vibration of
internally damped rod.

This alternative approximate theory is used um.c!h doea not allow for lateral
motion within the sand. 'mesandlayarlntnaaecircumumescanbammd
to be “locally reacting® eath supporting e:l.emant of plate hap a rod at sand
atl:ached

Figure 7 shows the estimated real and imaginary part of the blockid impedance
using the elastic wave equations. The imaginary part at low frequencias 1sa
negative amd has a 1048 per decade decay slopa showing a spring-like
characteristic. At high frequencies, tha vibrational resonances of the sand
cause the mgtnuyparttodhangeaign The blocked Mumestimteduaing
the progrepsive wave solution gives the same tnmd.

Figure 8 comparea the est:lmtad loss factor using the two different approaches.
At high frequencies, the predicted values are similar except that the peaks
occur at slightly different frequencies. This cl.aarly suggesta that the
dilatational motion 1ia dn-:l.nant At low frequencies, the predicted values are
diffarent, The loss factor curve predicted using elastic wave equations gives
a decrease at very low frequencies, and once it reaches a minimm, the loss
factor increases again. However, the prediction using the progressive wave
solution gives a continmuing increase in J.ou factor at the same frequancias.

In orésr to prove that ituahauimmm“maﬂmdmmmnmﬂm
result at low frequencies, the flexural wayenuxber of. the excited plate was
dsliderately reduced. If the diacrepancy was due to shearing, the prediction
curve {using the elastic wave equations) at low frequencies should change with
varying flexural wavemmber. However, the values at high frequenciea should
mmmuﬂ\edihutimlwtmummmrmﬂus Pligure

‘9g1mmmmmn:mnammmmmnqnt.

'rmxesmmuaupuyttnmmadmmmmm:mcunted
using the progressive wave solution. maqramntmqoodmmatlwam
high frequencies. This clearly demonstrates that shearing is not as important
as puggested by ths elastic wave equations. The dilatational motion 1ise
dominant at both the low and high frequencies.
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It 15 noticed that tha measured loss. factors at high frequenciss are guooth.
Bowever. the predicted valwes show the resonance peaks, A poasidlo explanation
for this nhﬂmtﬂmmmpeeduﬂmmbmthemmmm
sand 19 related o the bulk modulus. If the bulk modulus decreases dug to &
anmmtumnmmmmafmm,mm
will accordingly decrease and tho damping effect will therefore increass. This
rmvar.mquuasfurmrstmy !

rmmnmmpmmmutmwmmmgmmmmm
factor from 0.22 to 0.5 in tha computation. This has the same affect as
incraasing the sand layer thicknesa. A8 can be seen, the loss factor increanes
and the losa factor curve is smoothed.

CoNCLUSTONS
‘Experimental and tiupratiul investigation of the samd granular infill damping
treatment on plates have been carried out and the agreement 1s good. At low
frequancien, the sand behaves as a spring. The dilatational motion is dominant

at both the low and high frequencies, Shearing motion in sand is not important
for predict ‘ ' :

(1) L.C. thow ana R.J. pinnington, "On the prediction of losa factors due to
squeeze film damping mechanisms*, ISVR Technical mport No.130, m’uvqmi.ty of
Sbuthampton 1905.' - ) '

(2} L.C. Chow and R.J. Pinningon, ”"On the prediction of oil layer dnqpmg an’
platas”, ISVR 'l'admical Report, Ho.l137, tmiversity of souﬂm 198s.

lsi L.C. Chow and R.J. pummgbnﬁ. *“On tha prediction ot the loss mcora of.
plates using sand granular material”, ISVR 'Pechnical Report No. 141, Univergity
of Southazpton, 1936.
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