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INTRODUCTION

It is well known that increasing damping of machinery structures will reduce
noige radiation due to ringing wvibration. However, increasing damping of
industrial machinery structures is not often a simple procedure. Damping
achieved by attached viscoelastic layers has been used successfully for many
years on industrial machines, but it is only effective for light beam and
plate-like structures. Furthermore, it cannot be uged in hostile environment,

Squeeze-~film damping can also be used to increase the loss factor of structural
components {11]. This method uses & sandwich construction consisting of two
parallel plates with a layer gap £illing with air or a heavy filuid such as oil.
However, in order te cobtain high loss factoxr of structures, it is necessary to
make the gap very thin:; the applied plate very heavy and flexible.

An alternative damping treatment, granular infill treatment, can be used to
increase the structural loss factor. Using grahular materiala such as sand to
fill the axisting cavities of the structural components, the damping will
increase. Chow and Pinnington studied’ the damping of plates with a sand infill
treatment using the impedance approach [2]. However, some of the explanations
of the results are uncertain. This current work is a step towards a better
understanding of these mysteries.

The following sections will discuss the dynamic response of a sand column with
a base excitation. Experimental and theoretical results are alsc compared.

SAND COLUMN MODELLING AND ITS DYNAMIC CHARACTERISTICS

Consider a column Qf sand which is free at cne end and excited at the other end
as shown in figure 1], It is assumed that only longitudinal motion 18 allowed
in the column, therefore it can be treated as a rod. Both the elastic and
viecous stresses are assumed to exist in the sand column. The wave equation of
this case can be written as

3%u a {a%u 3%u
E* — +C =— |—1I =p — (1)
ay® . ot lay? a2

where u 18 the displacement along the rod, E*, C and F are the complex Young's
modulus, the viscous coefficient and the density of sand respectively.

The boundary conditions are as follows: the strain is equal to zero at free
surface and the product of stress and the cross sectional arca of the column is
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equal to exciting force. The solution of the wave equation (1) is

Poedut

u(y.ty) = — - {ctg K1 . cos ky + sin ky} {2)

SK (E* + juc)

The driving point and transfer accelerance can then be evaluated respectively

as
0 {o,t) wd
(o) = = ctg K1 (3)
F (o,t) 5K (E* + Jjwc)
u(y,t) w?
Iy} = = (ctg X1 . cos XYy + sin Xy)
F (o.t) SK (E* + juc) (%)

where 5 is the cross-sectional area of the column and K is the wavepumber in
the sand.

A piston-like circular disc was placed in between the sand column and the
excitation in the experiments (see figure 2). This effect has to be taken into
account in the theory. The actual driving point and transfer accelerance which
are measured in the experiments will then be egqual to

ctg ki
(o) = (53
My . ctg Kl + SK (E* + juwc)

we

ctg X1 . cos Ky + s8in ky
I(y) = - (6)
My . ctg K1 + SK {(E* + Jwc)

w2
where mg la piston mass.

Figure 3 displays the estimated driving peint accelerance of a 1 m height sand
column using equation (3). The responze is directly proportional to fregquency
at high frequencies. Figure 4 gives the estimated transfer accelerance at 0.2
mand 0.6 m level of the column using equation (4). The attenuation appears at
high frequencies and the rate of attenuation increases rapidly as the sand
level increases.

Figures 5 and & show the estimated driving point accelerance (including the
effect of the circular disc) of 1 m sand colwnn using equation (5) ana the
estimated transfer accelerance at 0.2 m and 0.6 m level of the sand column
using equation (6) respectively. AS can be sean in figure 5, the driving point
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accelerance at low fregquencies is sand column mass (3.2 kKg) controlled whereas
at high frequencies the circular disc mass (0.06 kxg) dominates. In figure 6,
the attenuation is increased by inciuding the effect of the circular disc.

EXPERIMENTAL RESULTS

To verify the theory, the initial experiments were carried out to measure the
driving point and transfer accelerance of a sand column. Figures 7, 6 and 9
compare the measured and predicted driving point and tranafer accelerance. In
figure 7, the measured and prodicted point accelerance agrees very well at high
. frequencies except that the peak predicted occurs at lower values, This 1is
probably due to the fact that the friction between the wall of the Bteel tube
and the sand raises the elastic modulus of the system, Therefore, the
rescnante frequencies measured will accordingly increase. It 1is suggested that
a tube with material having the slastic modulus the same order of magnitude as
the sand should be used and thig will probably give better agreement.

The measured and predicted transfer accelerance shows similar trepd at both the
low and high f{reguencies. The agreement Iis reasonably good at high
frequencies.

CONCLUSION

Experimental and thecretical investigation of the sand column dynamic responses
have been studied and the agreement ©f these initial results is encouraging,
but indicate that a more ideal experiment should be conducted. The sand
modulus as a function of the sand column height requires further study.
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Figure 3. The estimated peoint accelerance ¢f 1 m helght sand column.

172 Proc.l.0.A. Vol 8 Part 7 (1987)



Proceedings of The Institute of Acoustlcs

THEORETICAL AND EXPERIMENTAL INVESTIGATION OF DYNAMIC CHARACTERISTICS OP SAND
COLUMN

102 _

101 -
@ ] a 7-<::’“'\/q/—__~
¥ ] ;
o ] AR
8 i—«——qq==::::“”df7/_\\J/ Y
2 -1 ] . N
& 107! N,
2 ‘\
ot ]
© - B A

2
3 10 — ‘F
Y 3
)
-3
“ 10
g ]
Fal 107 ; A~ at 0.2 m level Y
B - at 0,6 m level
10-5 T T T T T T 1 T T TIT] T T
10 10Q 1600 10000

Fregquency Hz

Figure 4. The estinated transfer accelerance at 0.2 m apd 0.6 m level of

1 m height sand colunmn.
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Figure 5. The estimated point 2ccelerance of 1 § height sand column
(including the effect of the circular Jdisg).
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Figure 6. The estimated transfer accelerance at 0.2 m and 0.6 m level of
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1 m height sand column {(including the effect of the circular disec).
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Comparison of measured and predicted point accelerance of 1 m
height sand column.
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Comparison of measured and predicted transfer accelerance
at 0.2 m level.
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Figure 9. Comparison of mcasured and predicted transfer accelerance at
0.6 m level.
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