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INTRODUCTION

Industrial machinery is made of plates, shalls and beams attached together
aithar by welding or by bolting. ™e damping level of these connected
structures is usually wvery high and often of the order of 0.01. However, the
ringing vibrational responses are very much dependent on the damping of the
ptructure. Therefora in order to raduca the sound radiation from these
structures, damping lovel of the structure components has to be further
incraased.

Damping by attachsd viscoolastic luyers has been used puccessfully for wany
years and can be very effective for light beams and plate—like structuree, The
method consists of attaching a layer of high damping viscoelastic material with
a very high modulus of alasticity to the surface of the structure. Howevar,
the major pet back of this kind of damping treatment is that it 1s expensive
and sensitive to hostile anvironment. It is ineaffective on the thick sactions
of typical machinery structures without resorting to impractically thick

damping layers.

vibration absorbers c¢an also be attached onto the structure maximum
displacement points to reduce the vibration. This system is ideal for
ptructures having basically one dominant rasonant frequency or a yroup of
frequencica very cloge together. Usually the damper‘s effectiveness is limited
0 resonant frequencies concentrated in a band less than one octave. This type
of spectrum is not, Thowever, very common in machine structures. Impuleive
forces and high modal densities lsad to a uniform distribution of the vibratory
anergy throughout the audio spectrum.

Granular materials such as sand can also be used to incroans the structure
componants logs factor. It is upeful for high temperature application and
whare cavitiea of components can be filled. Small vibrational motion {low
strain condition) leads to very little macroscopic slip betwaen grains and the
absorption of anergy is within the grains thomoelvon f1]1. If the vibrational
enargy is increased (large strain), tha eneryy diossipated at the surfaces of
grains by friction predominates. Uoasa factors approaching 0.1 can be achieved
over a broad freguency range. However, this method is practical only if the
internal cavities are available for filling.

Anothar damping treatment, which is the squeeze—film damping mathod, can also
be uged to increaoe the structure components loona factor. ™is method is
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particularly useful to reduca the vibration of stiff machinery panals and the
treatment will neither impede the working part of the machine nor will be
damaged by hostilo environmnt.

The following pection will discuae ths basic mechanism of the squaeze—film
damping at work. The upe of light fluid air and the heuvy fluild oil in
ralation to the damping level will be discussged.

The gggza—filﬁ damping mechanism with air

The damping is generated by attaching an auxiliary pflate parallel to the
gurface of the machinery component, thereby trapping a thin layer of air;
relative vibration of the plates pumps this air at high velocities resulting in
energy loss due to the air viscosity. With reference to figure 1. the applied
plate and the air are assumed to move wilh Lha same wavenumber Kp. of the free
wave in the thick plate. By using an impedance approach and assuming that the
applied plate has a higher wavenumber than the thick plate, the impedance of

the applied plate Z; is mass controlled.

By using the Navier-Stokes and continuity equations and =selting ;z = 0, the
.I.mpedhncé per unit area of the air layer for both cumpressible £low (Zp) and

- |
the incompressible flow (Zp') are calculated [2]. The treatment impedance of |
the air layer and the applied plate can then be calculated as ‘

|

LA

z ' %
zl+ zb !+ zb.
These curves are shown in Figure 2, AS can be seen, at lov frequencies Zi and

Z¢ are the sama, The air is pumped back and forth as if incompressible. At
the thick plate critical Erequency, tha velocity in the air is high and Z¢ is a

]
-l
N

and E'=_

Zt=

(1a & b)

maximum Above the critical frequency, the air is compressed and Z¢ becomes
small.

The appropriate modsl of the system is ehown in figure 3, The spring accounts
for tha compressibility of the fluid. The mass and dashpot account for the
inartia apd viscosity of the air. The 1loss factor of the systom can bea
calculated as

Enargy disgigatad radian

ated/radian
N1 ® Yinetic energy of thick plate, air layer and thin plate
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= = (2)

z“’ {=' }

whote m, is the mass per unit area of the thick platea.

Above the critical frequency ths applied plate can vibrate with its own free
pending wavenumbar thus reapresent.ing an additional source of energy storage and
diasipation. The critical frequency of the attached plate is highar than that
of tha thick plate and so has larger loss factors at bhigh €roquencies. By
using a two componant SEA model, the lopa factor of the couplod system can be
calculated as Tgot = (Na 6y - My €2)/(e, + &,), whera &, amd 6, are the time
avaraged anergies of the thick and applied plates, n,, is the previously
caleulated thick plate loss ‘factor, n; ie the loss factor of the back plate due
to squeeza-film damping, radiation and material damping., Figure 4 shows the
comparigon of the measured and the estimated losg factor and the agreement is
good. FPigure 5 shows that by further increasing -the mass of the applied plate
the high Frequency performance is improved.

The squeeze-f£ilm Gamping mechaniem with oil

raferring back to figure 1, it is apsumed that the applied plate and oil layer
mova with the same wavenumber k, the combined fluid and free wave in the thick
plate. This can be approximately ecalculated from . . '

. .
. wia +m, + pd)

X = (‘3)

where m,, m, are the mass per unit area of the thick and applied plate, p is
the oil density, 4 is the fluid gap, and B is the flexural rigidity of the
thick plate. The impedance per unit area of the applied plate (including the
oil layer) is ’

pv, = Z,= ie(a, + pd} . . (4)

whare p is the pressure and V; is the valocity of the applied plata,

The impedance per unit area of the oil layer {assuming incompressible and of
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parabolic velocity ‘profile), calculated by satting ;; = 0 can be shown equal to
= 1 12,
g = 4[24 (s)
k'da da

-whare p is the fluid dynamic viscopity. This impedance has a mass and dashpot
behaviour. The loss factor of the system is then calculated as

- = 2 (6)
= +m{zb']- ;:—;.-

ml + m(ml r pd)

(-]}

Pigure 6 shows the comparison of the measured and the predicted values
inciuding the radiation and material losses of the thick plate, The agreement
confirms that there is liltle advantage of using olil alene to increase the loss
Efactor. However, a Further investigation shows that it is the ratio of the
Fluid dynamic viscopity and ite Fluid density which determines the level of the
loaspas. It is possible to obtain high logs factor by using a high density
fluid provided that the fluid viscosity can be greatly increased. ’

According to the above finding, a polyester Foam with many gmall cells {average
1 mmn diameter cell size) was inmersed into the oil layer to increase the
vincous losses. The measured loss factor shows a pubstantial increase _
compared to that with oil alone. Theoretical modelling of the impedance zb' of
the foam-oil layer for two-dimensional consideration can be shown equal to

L e[g + imp]

4 .
7 = 5 | 7y

whers a is the average radius of the calls in the foam, g is the porosity of

the Foam and ¢ iz the macroscopic structural Factor ( & = -L;— with @ the
cop @

inclined angle to the x-direction) which accounts for the tortuousity of the

cells. 'The foam is not glued onto the plates and the shear atilFness of the

foam is not considered.

For a very high porosity foam, equation (6) is atill valid in calculating the
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total loss factor of the system. The loss factor is found to tbe extremaly
sensitive to three paramaters a, ¢ and d {3). FPigure 7 shows the measured and
predicted loss factor. The predicted wvaluos are calculated using & = 1
{horizontal cells) and the material and radiation losses of the thick plate are
included, The agroement is ancouraging.

EXPERIMENTAL WORK

ExparimE9o? was conducted using 0.5 m x 0.5 m glass plates, 6 mm thick
polyester high density open cell foam (density = 40 kg/m>®) and Essclube hdxplus
20 W/50 diesel engine nil. The loss [actors were measured Ffrem the decay of
third-octave noise.

CONCLUSIONS

High loss factors are cbtained by making the air gap as thin as possible and
making the applied plate as heavy and flexible as possibla. By using the heavy
fluid like oil, the increoasme in loss factor is inaignificant if oil ie used
alone. Howevar, high loss factors can be nbtained by making the viscosity
losses as high as poseible by artificial means {(e.g. putting foam into the oil
layer).
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