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ABSTRACT

The fact that rubber can be studied in a state of mechanical equilibrium makes it the most fundamentally interest-
ing polymeric material. Elastomers also find wide application both in industry and the military, due to the unique com-
bination of obtainable properties. This short review describes selected uses of rubber by the U.S. Navy on surface ves-
sels, submarines and aircraft. The emphasis is applications which exploit rubber’s capacity for energy transmission, stor-
age and dissipation.
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I. ACOUSTICS

Elastomers for acoustic applications have a long history. This usage includes decouplers,
which prevent sound passage, anechoic coatings, which attenuate sound reflections, and acoustic
windows, which transmit sound waves. There are several reasons why rubber is the material of
choice for underwater acoustics. One of the most important is that the acoustic impedance of rub-
ber can be made to match that of sea water. At a boundary, there is no reflection of sound waves
if the acoustic impedance of the two media are equal.1 The acoustic impedance, analogous to the
optical refractive index, is given by the product of the mass density of a material and the speed
of sound within it. For low loss materials, the latter quantity is proportional to the square root of
the ratio of the density and the modulus (bulk modulus for longitudinal waves, or shear modulus
for shear waves). 

Obviously, the acoustic impedance and its frequency dependence can be modified over a
broad range for rubber, both by polymer selection and compound formulation. Most commercial
materials are proprietary, although compilations of acoustic property data are available.2 For
filled rubber, the mechanical response is strongly nonlinear.3 However, below about 10-3 strain
amplitude, the dynamic modulus becomes invariant to strain (higher strains are required to
observe the Payne effect).4 Since the deformations arising from transmission of acoustic waves
through rubber are quite small (typically, strain amplitudes ≤ 10-6), acoustic properties can be
characterized from conventional, small-strain dynamic mechanical measurements.5

Another property that can be realized with rubber is a low attenuation coefficient for longi-
tudinal sound waves. The amplitude of a transmitted wave diminishes exponentially with prod-
uct of the distance traveled and the attenuation coefficient, the latter a material property. For lon-
gitudinal waves (oscillating in the direction of the sound propagation), this attenuation coeffi-
cient is proportional to the ratio of the bulk loss modulus to the bulk storage modulus. For elas-
tomers, the relevant loss tangent is usually less than 10-3.6 Thus, sound waves can be transmitted
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long distances with minimal loss.
When avoiding detection is the objective, sound waves must be attenuated. This is readily

accomplished with elastomers by converting the longitudinal sound waves into shear waves
(“mode conversion”).7 The attenuation coefficient for shear waves (also referred to as transverse
waves) is proportional to the loss tangent for shear deformation, which for elastomers can be on
the order of unity. This mode conversion can be achieved in various ways, such as constraining
the rubber as a thin film between two rigid surfaces, or by incorporating inclusions such as small
glass spheres or gas bubbles. The interfacial rubber in such a confined geometry deforms in a
shear (or extensional) mode, which is readily attenuated. 

The rubber itself can be formulated to be highly dissipative at the frequencies of interest. As
noted above, the Payne effect does not contribute to acoustic loss at ordinary sound pressure lev-
els. In general, maximum energy dissipation occurs when the viscoelastic response of the mate-
rial falls into the rubber-glass transition zone at the applied frequency and temperature. This tran-
sition can occur far above the conventional glass transition temperature. As measured using scan-
ning calorimetry at typical heating rates, Tg corresponds to a deformation time scale of ca. 100
seconds. Since the effective activation energy for local motion in polymers is very large (a ten
degree temperature change can alter the relaxation time by orders of magnitude), relatively high
Tg elastomers are required to obtain a room-temperature rubber-glass transition at acoustic fre-
quencies.8,9

Conventional dynamic mechanical testing is often used to predict the material’s response to
acoustic frequencies, by construction of master curves versus reduced frequency.2 A caveat in
using time-temperature superpositioning of mechanical data to predict acoustic properties is the
need to use shift factors determined for local segmental motion (the high frequency end of the
transition zone), rather than for the low frequency dynamics (such as the rubber plateau or the
viscosity). The local segmental relaxation times change more rapidly with temperature than do
the relaxation times for the chain modes.10-12 This can lead to large errors if shift factors deter-
mined from high temperature, low frequency mechanical measurements are applied to acoustic
data.13
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FIG. 1. — Sonar transducer showing outer rubber coating.
This assembly is located inside the rubber dome structure when mounted on the ship.



The various techniques outlined above are employed in the quieting of naval vessels. An
example is the elastomeric coating of submarines used to avoid detection. By appropriate design
of the rubber’s acoustic impedance, the main echo of any impinging sonar is amplified (con-
structive interference) and directed away from the source. Diffuse echoes, as well as internal
noise, are attenuated by a combination of proper formulating of the rubber and from the geome-
try of the coating layer itself.
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FIG. 2. — The guided missile destroyer USS Cole, being returned to the United States after the terrorist
attack in Yemen. Despite the damage to the hull, as well as the severe jostling when mounted on a
Norwegian transport vessel (top), the bow dome (seen in lower photograph, hanging off the edge

of the transport) remained functional. After repairs that included replacement of 550 tons
of exterior steel plating, the Cole returned to sea duty 18 months later.
















