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COMPARISON BETWEEN THE TAP MODEL 
AND SARA-2D RESULTS 

I. Introduction 

The Technical Advisory Panel (TAP), sponsored by N87, ARPA and PD80 has re- 
cently provided a simple model for the bistatic target strength of submarines1. The mem- 
bers of the TAP working group for target strength are: Dr. Harry Cox, Dr. Nolan Davis, 
Dr. John Hanna and Dr. Kevin McCann. The model they have provided contains four 
scattering mechanisms: (1) backscattering from a finite cylinder, (2) forward scattering 
from a finite cylinder, (3) scattering from hemispherical end-caps and (4) scattering of 
elastic waves in the cylinder. In this article, the results of the TAP model are compared 
to scattering from a finite cylindrical shell with hemispherical end-caps computed using 
program Sara-2d2 which uses finite elements to model the cylindrical structure and finite 
and infinite elements to model the unbounded fluid medium outside the structure. For 
additional details on the finite and infinite elements method, the reader is referred to Ref 
[3,4]. Next, since submarines contain ribs with periodic spacing, the results of the TAP 
model are compared to scattering from the same cylindrical shell but containing eighty- 
five ribs with equal spacing between adjacent ribs. The scattering computations are made 
using Sara-2d again. The periodicity of the ribs introduces Bloch Wave resonances and 
Bragg scattering peaks that are not included in the TAP model. 

II. The TAP Model 

Figure 1 shows the geometry used. The target is a finite cylinder with hemispherical 
end-caps having length L and radius a.   The figure shows the source angle 8s and the 
receiver angle OR. For the backscattering contribution to the acoustic intensity, the TAP 
model uses 
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<ri =-T-,.   ü    ,   .   , .j0(kLcos6E), (1) 
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A is the wavelength and k is the wavenumber of the acoustic field. 
For the contribution to acoustic intensity resulting from end-caps, the TAP model 
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FIG. 1. Geometry showing source angle 6s and receiver angle 6R. 

This intensity is half as large as the intensity resulting from the end-cap of a hemispherically 
end-capped cylinder. The factor of | is present because submarines tend to be tapered 
cylinders and thus have a smaller effective hemispherical radius. 

TAP uses a modified version of Babinet's Principle5 for the contribution of the acoustic 
intensity from forward scattering. The version that is used imposes reciprocity and is given 
by 

(2aL\  , 9 
^3=1 — 1  \sm8ssm6R\j*(kLcos6E). (3) 

Finally, TAP models the contribution of the elastic waves to the acoustic intensity by 

<r4 = p(ds)P(eR), (4) 
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c is the speed of sound in the acoustic medium and cv is the compressional or the sheer 
speed in the shell, a is a scaling factor having a typical value of 2 and B is an efficiency 
factor having a typical value of 0.2. 



III. Comparisons 

Results computed using the TAP model are compared to scattering computations 
made for the cylinder shown in figure 2. The cylinder has a radius a — 3.09m, length 
L = 42.3m and thickness t = .023m. It contains eighty-five ribs of two different lengths. 
The short ribs have a length of .24m and a thickness of .020m. Every thirteenth rib is 
longer having a length of .43m and a thickness of .023m. The elastic parameters used are 
that of nickel with modulus of elasticity of 2.1 x 1011Pa, Poisson's ratio of .30 and density 
of 8800kg/m3 which results in a compressional sound speed of 5670m/s and a shear sound 
speed of 3030m/s. The exterior acoustic field has sound speed of 1510m/s and density of 
1000kg/m3. 
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FIG. 2. The ribbed finite cylinder used for the computations. 

Figure 3 shows target strength results using the TAP model compared to Sara-2d 
computations for a cylinder that does not contain any ribs. Results are shown as a function 
of source angle and receiver angle at a frequency of 299Hz or ka = 3.84. The two plots 
show similar major features. Both plots show a strong specular reflection, the red highlight 
at the lower part of the plots, and a strong forward field, the red highlight at the upper part 
of the plots. Yet some differences can be observed between the two plots. For example the 
elastic wave contributions appear as rectangular highlights around the specular and forward 
returns in the TAP model predictions but they are concentrated at specific narrower regions 
in the Sara-2d results. We also observe a stronger forward scattering response in the Sara- 
2d results specially near source angles of 90° and 180°. Additionally, the specular return, 
computed using the Sara-2d results contains some minima produced by the interference of 
the elastic waves with the reflected wave. At a source angle of 180° and a receiver angle 
of 180°, which is the end-incident backscattering condition, a highlight is observed in the 
Sara-2d results which is not present in the TAP model.  - 

Figure 4 shows bistatic plots of target strength of the same cylinder for a source angle 
of 75° and frequency ranging between 200 Hz and bOOHz. Again a strong specular return 
can be observed at 105° and a strong forward field at 255° in both plots. Although the 
major features are similar in the two plots, some differences can be observed. The elastic 
wave is modeled as a cosine functions centered at 90° and 270° in the TAP model yet it 
has different shape in the Sara-2d results. 
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FIG. 3. Target strength at a frequency of 299Hz, ka=3.84, using (a) the TAP model and (b) Sara-2d 
computations. 
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FIG. 4. Bistatic target strength for a source angle of 75 degrees using (a) the TAP model and (b) Sara-2d 
computations. 



Figure 5 shows monostatic plots for the same cylinder using the two methods of 
computation again where an angle of 0° represents end incidence backscattering and an 
angle of 90° represents normal incidence. Both plots contain a strong specular return at 
an angle of 90° but the Sara-2d results show a minimum at a frequency of 260Hz which is 
not present in the TAP model. The minimum is produced by the elastic wave that travels 
circumferentially along the cylinder and interferes with the specular. The additional elastic 
wave contribution is different in the two plots. It has the shape of a cosine function in the 
TAP model producing enhanced target strength in a rectangular region to the right of the 
figure while it is confined to certain frequency/angle regions in the Sara-2d results. 

Computations are next made using a ribbed cylinder as the target. Figure 6 shows 
target strength results as a function of source angle and receiver angle at a frequency 
of 700Hz or ka = 9.00, where Bloch waves are present. Again, although the major 
features such as the specular return and forward scattering are similar in the two plots, 
some differences can be observed. The forward scattered field is lower in the TAP model 
specially near end incidence at source angle of 180° and a receiver angle of 360°. Other 
differences are present in the way the supersonic elastic wave contributions are modeled in 
the TAP results and the neglect of the Bloch wave resonances in the model. 

Figure 7 shows bistatic target strength results for the ribbed cylinder for a source 
angle of 80° and frequency ranging between 200Hz and 1.5kHz. The strongest highlights 
in the two plots are the specular return at an angle of 100° and the forward field at an 
angle of 260° but, again, differences can be observed between the two plots. 

Figure 8 shows monostatic plots of target strength values for the ribbed cylinder for 
frequency ranging between 200Hz and 2kHz. Both plots show a strong specular field 
at 90° but Sara-2d computations show Bloch wave resonances which are the highlights 
between 600Hz and SOOHz and between 1kHz and 1.6kHz and Bragg diffraction above 
1.7kHz which are not present in the TAP model. Additionally the contribution of the 
supersonic elastic waves produce highlights in the monostatic response that are confined 
to certain regions in frequency/angle plot of the Sara-2d results that appear different from 
the TAP model. 

IV. Conclusion 

Comparisons between the TAP model and Sara-2d computations show that the major 
features such as the specular reflection and the strong forward scattering predictions are 
similar using the two computational techniques but differences can be observed between 
the results computed using the two methods. The forward scattered field predicted by the 
TAP model is lower near end incidence. Other differences are present in the way the elastic 
wave contribution is modeled in the TAP model and, in case of a ribbed cylindrical shell, 
the TAP model does not include any Bloch wave resonances or Bragg scattering peaks 
both of which are produced by the periodicity of the rib spacing. 
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FIG. 5. Monostatic target strength using (a) the TAP model and (b) Sara-2d computations. 
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FIG. 6. Target strength at a frequency of 700Hz, ka=9.00, using (a) the TAP model and (b) Sara-2d 
computations with a ribbed cylinder. 
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FIG. 7. Bistatic target strength for a source angle of 80 degrees using (a) the TAP model and (b) Sara-2d 
computations with a ribbed cylinder. 
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FIG. 8. Monostatic target strength using (a) the TAP model and (b) Sara-2d computations with a ribbed 
cylinder. 
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