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SUMMARY

This paper reports on a project performed Lo evaluate two types of
constrained layer damping treatments, After a brief description
of the construction of the panels and khe test procedure userd, a
broad overview of the results is presented.

The temperature characteristics of the panel damping behaviour ab-
served are shown to depend on the viscoelastic material used. This
in turn is related to the molecular struckture of the potymer by
explaining the significance of the glass transition temperature of
polymers. Finally commenks are made on the implications of Lthis
work to the design of constrained layer damping materials for low
noise diesel engines.

INTRODUCTION

In recent years the use of road transport has lincreased signifi-.
cantly. With this lncrease traffic noise has become a very ser-—
ious envirenmental preoblem. In many instances diesel-engined
reavy commercial vehicles stand ocut as major noise contributors.
Therefore much pressure is currently being applied to diesel eng-
ine manufacturers to reduce engine noise.

There are two broad approaches to reducing diesel enqine noisae:
a) Reduction of the mechanical impacts and combustion pressure
levels which generate the noise, {1),. - -
b) Reduction of the response af the PnglnP component:, (2).
The latter approach can be followed in several ways. Filrstly a
major redesign of the complete engine can be undertaten, (3}, or
secondy the engine can he enclnsed in a soundproof hox, A Ehird
alkernative is Lhat the response af the kthin snction components,
which wake up A ko SO af the enqgine surface, and include Lhe
rocher cover, kiming acoav cover, sump and mani fold, can be reduaced
by damping breabmenks, (4),  One such frealmeal invalyes Lhe nge
of consktrained layer dmnping materials.  In thece matrrials a
viscoelaskic malerial s sandwiched beiwern two or mare nebkallic
layers., When fleoxed panasls of Ehis conzkruction absarh enerqgy
cfficiently by shear deformatlon in the viraoniastic conskrainad
Tayar, (5) (sre figures 1 and 21, Development af these matarlals
spracifically for diesel engine anplleations s currently in prag-
ress.  This paper reporfs an ane aspeckt of Lhis work namely the
investigakion of lLwo typrs of constrained inyer makerials.
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EXPER (MENTAL PROCEDURE

Tvo tynes of constrailned-layer-damped panels were tested. Type 1
nanels had a-viscoelastic layer constralned between an aluminium
layer and a zinc tayer of varying thickness applied by flame

spraying. This treatment was developed for cast components, (6).

Type ? nanels had a viscoelastic layer of varying composition con-
strained between two steel layers. This material iz intended tn
renlace mild steel in pressed components, '

Plain aluminjum panels were also testpd Details of the panels
used can-he seen in- Table 1, . - P R

The dimensinns ~f the panels were chosen to aive a fyndammantal fre-
nuency far an untreated panel of arnund 100NH=z. This frequency
was rhasen hecansze it is in this reqion that diesel engines rad-
.jiAate most nnise and also the human ear is most sensitive. The
thicknass nf the tynhe 1 panel's base layer was chosen to be that of
a kypical cast camponent.,

The panel-1nss~factor of =ach specimen was measured in the follow-
ing manner. The panels were freely suspended in an oven and
struck with A rendulum, The decay of the vibrations of the panels
was measured with an accelerometer and recorded on polareid film
(tvpical results are shown in flgure 3). The temperature of the
panals was monitored with a thermocouple. Panels were tested at
temprraktures from 20°C to 120°C. The normal external aperating
kLemnaratyre of diasel engines is abrve 100°C. For these meas-
Lnrements the A-wrighting was used as a hi-pass Filker (6).

The panel-tnss-facker was calculeted from the kEraces ohtained nsing
tha equatkirn
b3

. 1 2]
T¥ = E?F ]nqq ;; {(Ref.7)
¥ - initial amnlitude
Xy = anplitinde aftec N rycles
M - Hn, of cycles

T, = pane) lass-factor

The theary of constrained-layer-damping poablished hy Baranek (7)
was nged Lo write a eompuker peagramme (A} which allnwand thenral-
ical nanel-lnss-factars .to be predicted,

RESUILTS

The nannl -lass-Fackars of Type 1 panela are plotbod Aaainst Ftempore-
ature in fiquee A0 There js A clear rortackion in loss fackar an

the temporatira increasns Foar all these paneln,

m figura 5 tho lngs fackor of the bvoe ? pancls in pliarted against
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temperature, For these pangls the loss factor -gensrally increas-
ed gith temperature up t8 R0"C. Panel P which was tested up to
120°C shows a peak at B80%C,

Figure 6 shows the effect of the zinc constraining 1ayer thickness
on the panel-loss-factor. Both the experimental and predicted
values of loss factor show a peak.

Similar panels of type 1 construction were tested By discrete fre—
quency analysis elsewhere (9) and a grod correlation with the res-
ults reported here was ohtalned,

THE INFLUENCE QF PANEL GEOMETRY ON LOSS-FACTOR

Both theory and experiment indicate that the qeometry of the pan-

e@ls has an effect on the damplng performance. There is an aptimam
geometryy, or more exactly an optimum relationship hetween the layer
thicknesses,which gives maximum damping using a agiven visceelastic
material (see figures 4 and 6),

THE INFLUENCE OF THE VISCOELASTIC MATERIAL OM PANEL PERFORMANCE

The loss factor of a panel depends on its geomekry and on the
damping properties of the viscoelastic layer. The twn important
properties here are the shear modulus and the material-loss-fFactrr,
For panels where the geometry has been chosen to rrovide 3 high
degree of damplng the greater the material-loss-facter then the
greater the panel-loss-factor, Ffor a given qeometry there is an
optimum value of shear modulus; departure from this eptimum
causes a reduction in panel-loss-factor. The temperature depend-
ence of these two properties of the viscoelastic layer dictates

the way in which the panel-loss~factor changes with temperature.

THE_TEMPERATURE BEHAVIOUR OF VISCOELASTIC MATERIALS

The change 1ndﬁqu:modulus and loss-tangent with temperature (at
constant frequency) of a polymer with high damping capacity is
shown in figure 7. It can be seen that the peak In the loss-factor
curve_corresponds to a region where there is a sharp drop ln the
..I‘fonyg modulus. These changes ncour at the glass transition temper—
ature of the polymer {often denoted Tq),

An- understanding of the significance of the Tq of the polymer mustk
spring from an understanding of the molecular structure of polymers
Polymer molecules are qgiantsg, They consist of many small mole-
cules (called monamers) which are 1inked together in long chains
{15 shown in figure Aal. These chains can consist of ene or more
monometr units. They can also he branched {flgure 8b) . This
chemjcal skructure of the pelymer chain influrnces the physical
proparties of the polymer. The chain length and the inkteraction

of chains in the pnlymer are alsm nof immoriance.
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The polymer chains can interact In & numher of ways:
i) A random tangle of chains giving an'amorphous® structure with
interactinn only at the tangles. See figure(9a).

ii} Pnlar chemical groups such as hydroxy-(OH)} groups attached
tn the polymer chains cause alignment of chalns and an Lne-
(reasv in intermolecular forces and rlgidity. See figure
Oh).

111} Chains with a very reqular structure can pack closely tng-
ether in aligned (crystalline) reqions as shown ln figure
(9¢) with a consequent increase in intermolecular forces and
riglaity.

iv] Chemical bonds or cross-links can be formed between chains
(figure 9d) giving a very strong and rigid structure.

The glass transition temperature is assnciated with a transition
in behaviour of the amorphous reglons of a polymer. At low temp-
eratures only ainfgle atoms or small groups of atoms can move
freely. 1In this condition deformation cccurs by chemical bond
stretching and rotation. At high temperatures large segments of
rolymer chains can move freely relative to each other in a liquid-
like manner. The glass transition temperature is the temperature
at which these large relative segmental movements start to occur,

Changes in physical properties at Tg can also be explained in
malecular terms, Consider the two properties of interest for
damping. The shear modulus is reduced at Tg because the restrict-
ions on relative movement are reduced. This less restricted
movement allows more energy absorbing mechanisms to operate and so -
the loss-factor is ilncreased.

The glass transition temperature by 1ts very nature depends on the
structure of the polymer, Generally the greater the cohesive
forces between molecules and the greater the hinderance to rotat-
ion by bulky side-groups on the chain, then the greater the Tg.
The addition of plasticisers or flllers also affects the Tqg. o
Glass transjtion tempera&ures in commnn polymers range from -B5°C
for polybutadiene to 270°C for polycarbonate (12).

These changes in physical properties and a number of ather methnds
are avallable toevaluate glass transition temperatures (12},

THE DIFFERENCE IN TEMPERATURE BEHAVIOUR BETWEEN TYRE 1 AND TYPE 2
PANELS

The results showed that the type 1 and type 2 panels exhibited
markedly different temperature behaviour. This difference arnse
primarlly because the polymers used in the viscoelastic layers had
very different glass transttion temperatures. The peak in panel-
loss-facktor corresponds with the glass transltion temperature of
the viscoelastic layer. For the type 1 panels this peak is prob-
ably belnw room temperature. Ffor the type 2 panels the panel-
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loss-factor has a pesk, for panel P, or 1s increasing, for panels W
and M, at 80°C, Therefors the polymers used in these panels had
Tg's of about B0°C or greater.

IMPLICATIONS FOR THE DESIGN OF CONSTRAINED LAYER DAMPING TREATMENTS

Much data exists on the structure composition and filler depend-
ence of the glass transitlon of polymers. The correspondence
between the Tg and the peak loss factor is also well demonstrated.
This should allow initial selection and optimisation of polymers
for use in constralned layer damping treatments for low noise
diesel- engine applications. It s however essentlial to remember
other factors,such as the exciting frequency and the environmental
resistance of the polymer. The possible use of Tg data for selec—
tion is important because of the lack of data on shear modulus and
material-loss-factors.

CONCLUSIONS

a) The simple decay rate measurements on freely suspended panels
excited by the impact of a pendulum offer a qulck methord for
the evaluatien of dampinqg treatments at natural frequency,

b) The temperature dependence of the panel-loss-fackor is a funct-
ion of the damping properties of the pnlymer layer. The radical
difference in temperature hehaviour hetween the type 1 and type
2 panels is due to the different types of polymers used in
thelr construction.

c) Optimisation of the treatments ought to he carried out by chnos-
ing the hest polymer for the operating conditions,

d) There is a direct relationship betwaen the Tq of a palymer and
its peak loss factor. This should Aaid the seleckion of pPoly-
meric viscoelastlc materials for ugse in constrained layer
damping for diesel englines.
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Figure 3 Typical Decay Rate Heasurements

a)
b)

Time constant is 5 ms/div. - Panel W
Time constant is 100 ms/div. - Panel £
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1‘1 x 1'0-2

panel loss facicr

Figure 4 The Panel lLoss Factors of the Type 1 Panels Plotled
Against Temperature. A continunus curve is plotted
for panel G.
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Fiqure 5 The Panel Lnss Factors of the Type ? Haterials
Plotited Aqainst Temperature.
is plotted for panel P

A continuous curve
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Figure 6 The Experlmental values of Loss Factor of the Type 1
Panels Against H3.— The Zinc Constraining Layer
Thickness.
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Figure 7 7qhe Storage Modulus and Loss, Tangent of an Ethyleq%(
Acrylic Flastomer as a function of temperature. The
Storage modulus is the Dynamic response equivalent of
the shear modulus. The loss tangent is effactively
the loss factor (10). .... Note the log scale.
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Fiqure B a) A pnlymer chain made up of many monomer units

hl A branched npolymer chain
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Fiqure 9 The Different Ways in Which Polymer Chaln Molecules
Interact (11)

al An amorphous polymer

b) Attraction between polar groups
¢) Crystalline reqions

d) Crosslinked chains
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