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SCATTERING FROM MULTIPLE COMPLIANT TUBE GRATINGS 
IN AN ELASTIC LAYER 

INTRODUCTION 

Compliant tubes are used as reflecting baffles. Their pressure 
release characteristics are the result of a net volume velocity associated 
with structural bending modes that are symmetric about the major and minor 
axes of the tubes.  In this paper, the interactions between gratings of 
tubes encapsulated in two elastomers that have shear moduli which differ by 
two orders of magnitude will be investigated. The spacing between gratings 
are important because of evanescent waves which can excite noncompliant 
structural modes that degrade the performance of the baffle. Typically each 
grating is composed of a different sized tube to enhance the bandwidth of 
decoupling. Placing the grating in a suitable elastomer provides a means of 
minimizing the effects of the evanescent waves. 

The first section of this presentation will compare experimental data 
of tubes in fluid versus tubes in elastic layers. The second part discusses 
a two dimensional theoretical model that includes propagation of both dila- 
tional and shear waves in the elastic layer with compliant tube inclusions. 
Comparisons of the calculation from the model with the experimental data are 
discussed in the third section. 
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EXPERIMENTAL ARRANGEMENT 

PROJECTOR 

METAL FRAME 

GRATINGS UNDER 
TEST 

24 ELEMENT 
HYDROPHONE 
ARRAY 

VIEWGRAPH 1 

To measure insertion loss, an unshaded twenty-four element array was 
used as the receiver to discriminate against diffraction around the gratings 
and to average residual evanescent waves. Diffraction was further reduced 
by positioning the array diagonally with respect to the rectangular panels. 
Initially the array was used to measure the incident field without the 
tubing. The gratings were then inserted between the source and receiver and 
the transmitted pressure relative to the incident pressure was determined. 
Insertion loss is defined here as 20 log (incident pressure/transmitted 
pressure). A large insertion loss implies the transmitted energy is small. 
For the configurations that will be considered, the grating spacing is 
always less than a wavelength in water, thus only one wave propagates 
outside the elastomer with a direction normal to the gratings. The other 
waves are evanescent in the sense that they propagate parallel to the 
grating but decay rapidly in a direction normal to the gratings. 
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VIEWGRAPH  3 

The performance of the smaller tube grating to be used in combination 
with the larger tube grating is presented. The fundamental compliant mode 
of the smaller tubes (f2) is equal to 1 .Sf-j . Because mass loading is 
more significant for the wider spaced smaller tubes, the insertion loss 
maximum are lower in frequency than the in-air compliant resonance of the 
individual elements (f2)- With wider spaced gratings, the bandwidth of 
insertion loss is narrower. The performance changes with encapsulation are 
similar to that for the larger tube grating. 
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VIEWGRAPH 4 

The two grating combination of the above single layers was measured 
for wide separation of X-]/13 where X-| is the wavelength in water at 
the fundamental compliant structural mode of the larger tubes. The 
additional bandwidth obtained from the combination is significant. The 
transmission maximum at a is due to a resonance of the compliance of the 
gratings with the inner layer mass. The low stiffness elastomer has a 
minimum effect on the performance with respect to the unencapsulated tubes, 
but the high stiffness encapsulant again shifts the maximum bandwidth of 
insertion loss to higher frequencies and degrades performance. 
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by the geometry. A^, B,,,, C^, and Df,, are scattering coefficients 
determined by the boundary conditions. In the viscoelastic interstice 
between tubes, the transverse velocity and transverse shear stress are 
assumed zero at the tube-elastomer abutment. Of particular interest in this 
presentation is the calculation of the transmitted pressure. For grating 
spacing less than a wavelength in the fluid, the transmitted pressure in the 
field is determined by Tg which is the scattering coefficient of the 
single transmitted propagating wave. 
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CLAMPED END CONDITIONS 
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VIEWGRAPH  8 

The plates are assumed to obey thin plate theory. The compliant 
symmetric modes of the compliant tube whose motion results in a net volume 
displacement are approximated by a sum of cosines and hyperbolic cosines. 
The designation (s,s) implies symmetric about the major and minor axes. Mode 
shaped (s,s)o is the fundamental and (s.s)] is the second symmetric 
bending mode. 

10 
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GUIDED END CONDITIONS 

MINOR AXIS SYMMETRIC, 
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VIEWGRAPH  9 

The modes that are symmetric about the minor axis but antisymmetric 
about the major axis (s,a) include the rigid body mode (s,a)o and the 
"banana" shaped mode (s.a)-]. These modes are described mathematically 
with guided end conditions or zero slope and zero transverse shear at the 
ends. The (s.a)-] mode was shown in the experimental data to be excited by 
evanescent waves for closely packed gratings and it degrades insertion loss 
performance. 

n 
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BOUNDARY CONDITIONS 
FLUID - ELASTOMER INTERFACES 

(1) ZERO SHEAR STRESS 

(2) NORMAL DISPLACEMENT CONTINUOUS 

(3) NORMAL STRESS EQUAL NEGATIVE PRESSURE IN 
FLUID 

ELASTIC - ELASTIC REGION BOUNDRIES 

(1) NORMAL AND TANGENTIAL DISPLACEMENTS 
CONTINUOUS 

(2) NORMAL AND TANGENTIAL STRESSES CONTINUOUS 

PLATE - ELASTOMER INTERFACE 

(1) NORMAL AND TANGENTIAL DISPLACEMENTS 
CONTINUOUS 

(2) THIN PLATE EQUATION 

VIEWGRAPH 10 

The boundary conditions to be satisfied at the fluid-elastomer and 
elastic-elastic interfaces are those common for plane strain problems. The 
continuity of tangential displacement at the plate-elastomer boundary is 
derived by assuming inextentional motion of the plate. A system of linear 
equations is formed by matching the boundary conditions. Solutions of the 
simultaneous equations arising from truncation of the infinite sets are used 
to determine the scattering coefficients. 

12 
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MEASUREMENTS AND CALCULATIONS FOR 
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surements and calculations of insertion loss are 
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MEASUREMENTS AND CALCULATIONS FOR 
DOUBLE GRATINGS IN LOW STIFFNESS 

RUBBER (200 psi, 5 = 0.2) 
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VIEWGRAPH 12 

With this comparison, the differences in insertion loss performance 
due to spacing between gratings is dramatically apparent. Again agreement 
between the predicted and measured insertion loss for both cases is good. 
The low frequency performance is better for the closely packed gratings 
because the transmission resonance seen at about O-Tf-j for the widely 
spaced gratings shifts to about O.gf]. 

V 
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VIEWGRAPH 13 

Although good agreement is seen between the experimental data and 
predictions, it was found that the calculations were sensitive to small 
variations of the thickness of the thin covering of the asymmetric layer 
configuration. With a very thin layer of the polyurethane on one side of 
the tubing, the additional stiffness effects can be mitigated. Neither 
configuration would perform satisfactorily as a decoupler but might be more 
appropriately used as a anechoic absorptive material. 

15 



TD 7855 

CALCULATIONS OF INSERTION LOSS FOR 
LOSS FACTOR VARIATIONS IN HIGH SHEAR 

MODULUS MATERIAL (|J = 20,000 psi) 
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VIEWGRAPH 14 

The large oscillations in insertion loss in the undamped material are 
due to thickness resonances of the elastic layer from the shear waves gener- 
ated by the motion of the tubes. The damping in the viscoelastic material 
converts these shear waves to heat and thus smooths the response of the 
insertion loss curves. 

w- 
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MEASUREMENTS AND CALCULATIONS FOR 
DOUBLE GRATINGS IN HIGH STIFFNESS 

POLYURETHANE (20,000 psi, 5 = 0.5) 
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VIEWGRAPH 15 

Differences between insertion loss performance between the closely 
packed and widely spaced gratings are more significant for the higher 
stiffened polyurethane encapsulant. The difference between calculations and 
experimental data for the higher stiffness material may be partially due to 
uncertainties in determination of the shear modulus.  In the rubber-glass 
transition region of this polymer, small uncertainties in temperatures 
result in significant uncertainties in determination of the material 
properties. When these measurements were performed at the NUSC Dodge Pond 
facility, a temperature gradient was measured across the panel depth. 

17 
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CONCLUSIONS 

Good agreement has been found between predictions of an analytical 
model and measurement of insertion loss from multiple gratings of compliant 
tubes in a viscoelastic layer immersed in water. For single gratings, low 
shear modulus materials were shown to have minimum effect with respect to in 
fluid measurements; however, high shear modulus polymers both raise the 
frequencies and decrease the quality factor of the array resonances. With 
increased stiffness of the encapsulant, more energy is transmitted through 
the layer. The loss factor of the material was shown to minimize the 
effects of layer thickness resonances. For multiple gratings in close 
proximity, the low stiffness encapsulant was shown to mitigate the near 
field excitations of the antisymmetric guided modes and thereby improve 
baffling performance. 

18 
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