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Abstract—There have been a number of numerical analyses of RF
absorber presented in the literature. These analyses however, tend
to focus on the reflectivity of the material and not on the radar
cross section (RCS) that it presents. Brumley studied the RCS of
RF absorbers for the purpose of estimating the background RCS
of anechoic ranges [1]. The study was done empirically, obtaining
measurements of the RF absorber and looking at the RCS of
different pyramids and wedges, with and without paint. Brumley
presents some potential methods to improving the RCS signature
of the range, thus reducing the background RCS of the site.

In this paper, the suggestions presented by Brumley are revisited.
Specifically, his recommendation for the twisted pyramid
configuration which he was unable to measure due to the lack of
absorber samples available for use in the test. In addition to the
twisted pyramid, Brumley’s approach of inserting smaller
pyramids in the valleys of a larger pyramidal arrangement to
reduce the edges parallel to the incoming wave are also presented.
Different carbon loadings are modeled for the inserted pyramids.
One is the standard loading of the inserted pyramid, and the other
is the same loading as the main larger pyramidal arrangement
such that all the absorber on the wall has the same material
properties. Numerical studies are performed using time domain
techniques as well as frequency domain techniques. The model is
validated by comparing the RCS of a flat square plate with the
theoretical solution. The results validate the data and the
suggestions presented in [1] and present ways of improving some
of the solutions by adjusting the material properties of the
absorber.
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L INTRODUCTION

RF absorber is used in indoor ranges to reduce reflection
from certain areas of the range to create a free-space condition
for testing. Typically, the goal is to reduce the reflected energy
entering the quiet zone (QZ) so that a free space condition is
created for the testing of antennas or radiating devices.

In radar cross section (RCS) measurements however, the
goal is slightly different. Most RCS measurements are mono-
static; where the energy is launched from a direction and then
the energy being reflected in that same direction is measured.
Thus, one important issue is to reduce the monostatic reflectivity
of the absorber, not the bi-static reflectivity as is the case in other
ranges. Bi-static analyses of absorber have been studied in the
past[2], as well as methods for reducing the bi-static reflectivity
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In RCS ranges, the key is to reduce the monostatic
reflectivity to reduce the background RCS of the range. Brumley
performed many radar measurements of absorber in [4]; and
from those, he gathered data used in [1] to show how to reduce
the RCS signature of RF absorber. Reference [1] provided some
methods of improving the RCS signature of absorbers. However
the information was limited to a few measured cases and
included estimates based on theoretical understanding of
electromagnetics and RCS.

In this paper, some of the solutions presented in [1] are
studied numerically to validate the results and solutions
presented in [1]. The cases presented in [1] included the use of
the twisted pyramids and the insertion of single smaller
pyramids into larger pyramidal absorber fields (see Figure 1).
Numerical analyses were performed using both time domain
solvers and frequency domain solvers using a commercially
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Figure 1. Solutions analyzed: a) standard pyramid, b)
twisted pyramid, and c) standard pyramid with inserts.



available package. The analyses were conducted in the 500 MHz
to 2 GHz range; the frequency range coverage for the material
properties of absorber available from manufacturers.

II.  TIME DOMAIN ANALYSIS

For this paper, we also performed time domain analysis for
standard pyramids, twisted pyramids, and standard pyramids
with smaller pyramid inserts. The analyses validated some of the
claims stated in [1] for twisted pyramids. The claims in reference
[1] were not backed by measurements, as the authors of
reference [1] had no twisted material available to perform the
measurements.

The analysis was performed on an arrangement of four
pyramids. The computational domain was terminated using
perfect electric conductor (PEC) and perfect magnetic conductor
(PMC). The boundary at bottom of the pyramids is PEC, while
the lateral boundaries are set such that the opposite boundaries
are the same type either PEC or PMC. The top boundary is a
port. Using this arrangement of boundaries, a fictitious
waveguide was created where a TEM mode is excited. This
TEM mode propagates, illuminating the area of pyramid
arrangement being simulated. The PEC and PMC boundaries act
as mirrors, making it appear as an infinite field of absorber.
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Figure 2. Time domain analysis of a standard 72-inch
pyramidal absorber.

Figure 2 shows the time domain results for the standard
pyramid. The standard 72-inch pyramid consists of a 60 inch-
tall pyramid with a 24-inch by 24-inch base placed on a 12-inch
thick base. The excitation signal is plotted using the scale on the
right y-axis, while the reflected signal is plotted using the scale
on the left y-axis. The results show a little echo at the tip of the
pyramid followed by a larger echo following about 12 ns later.
This agrees with the measured data presented in both [1] and [4].
There is a small caveat where the main reflection is from the
back of the absorber, the simulation does not show much echo
through the pyramid as the measurements in [1] and [4], but the
model is for perfect absorber.

Figure 3 shows the time domain results for the twisted
pyramid. The twisted pyramid is created by cutting a 72-inch tall
square prism with a 24-inch by 24-inch base along a series of
planes defined by three points as follows: a point at the center of
the top, a point at one of the vertex and a point on and adjacent
the vertical edge 12 inches from the base. As in Figure 2, the
excitation signal is plotted using the scale on the right y-axis,
while the reflected signal is plotted using the scale on the left y-
axis. The plots on Figure 2 and Figure 3 are also shown on the
same scale The tip of the absorber is clearly seen at around 15
ns. The echo of back of the absorber is also clear at 26 to 29 ns.
It is significant that the magnitude of the echo from the back of
the absorber for the twisted pyramid is considerably lower than
the values observed for the standard pyramid. This validates the
observation made by Brumley in [1]. There, he stated that using
twisted pyramids is a potential way of reducing the pyramidal
absorber base scattering. While no measurements were
presented in [1] or [4] to support this, Brumley states in [1] that
the twisted geometry does not form an edge parallel to the
incoming wave front, but instead offers two points of
intersection effectively creating an inverted pyramid.

The last time domain simulation performed was an
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Figure 3. Time domain analysis of a twisted 72-inch
pyramid absorber.

adaptation of the case measured in [1]. In [1], 24-inch absorber
at the end wall of the range was measured and then improved
with smaller pyramids (12-inch) inserted into the 24-inch
pyramidal field. In our case, the standard 72-inch pyramid is
inserted with both 36-inch pyramids and 24-inch pyramids.

Figure 4 shows the results for the case where 36-inch
absorber pyramids are inserted into the standard 72-inch
pyramids. The 36-inch pyramids are 30 inches tall with a 12-
inch by 12-inch square base, placed on a 6-inch thick base. These
inserted pyramids are rotated 45 degrees in relation to the main
pyramids on the wall treatment as shown on Figure 1c). The
pyramids are assumed to have the same material properties as
standard 24-inch pyramids, that is, they have slightly higher



TD 36-inch pyramid into 72-inch pyramid

0.015 1.2

0.01 n B | || 08

0.005 " = | 04

-0.005

-0.01

4 standard with heavy loading 36 inserts

Amplitude refelcted signal (w'?)

°

BN

——ﬁ'
|
|
|
l
|
|
|
|
|
|
|
|
|

)

Amplitude of excitation (w'?)

-0.8

-0.4

solver available with the commercial package to look at the RCS
of the absorber.

III. FREQUENCY DOMAIN ANALYSIS

A. Validation of the approach

For frequency domain, computation periodic boundary
conditions are used such that the portion of absorber appears to
be a small section of an infinite wall of absorber. The models
shown in Figure 1 show the small computational domain being
solved as being part of a larger wall to show that the periodic
boundary conditions are working. An incident plane wave
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Figure 4. Standard 72-inch pyramid with 36-inch
pyramid inserts. The inserts are placed on a
“polystyrene block” with &=1.1 to model a high density
expanded polystyrene foam.

losses than standard 36-inch pyramids. The results show the
reflection from the tips is slightly higher, as we have the tips of
the 72-inch and the inserted 36-inch pyramids. The reflection
from the base of the 36-inch pyramid appears and as a result, the
reflection from the back of the 72-inch pyramid is much reduced.
The energy may have just spread out in time, but this still could
be significant. The frequency domain analysis of the RCS will
show the potential improvement in RCS.

The other geometry analyzed was similar to the one whose
results are shown in Figure 4, but in this case the inserted
pyramids into the field of 72-inch absorber are 24-inch absorber
pyramids. The 24-inch absorber is typically a 20-inch pyramid
with an 8-inch by 8-inch base on top of a 4-inch tall square
prism.

Figure 5 shows the time domain results for the configuration
of 24-inch pyramid inserted into the 72-inch pyramid described
above. The results show the echo from the tip and base from the
smaller pyramids appears between the echo of the tip and base
of the 72-inch pyramids. The magnitude of the echo of the base
of the 72-inch pyramid is much smaller, but the energy has
spread out in time as different energy is reflected from different
features on the absorber treatment.

From the data shown in Figure 2 and Figure 4, we can look
at the drop in magnitude for the maximum of the signals coming
form the back of the absorber. In Figure 2, the highest magnitude
of the waveform from the back of the absorber is 2.05 x 10
watts or -36.88 dB. While on Figure 4, the highest level from the
back of the absorber is 9.61 x 10" watts or -50.17 dB that is a
reduction of 13.29 dB; not quite the reduction shown in [1] 0f 20
dB, but a significant reduction. In the next section, an analysis is
done in the frequency domain using the finite elements (FEM)
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Figure 5. Standard 72-inch pyramid with 24-inch
pyramid inserts. The inserts are placed on a
“polystyrene block” with £=1.1 to model a high density

arriving at a given 6 and ¢ direction with a given polarization
can be defined to illuminate the model. Then the far-field RCS
is computed at a given direction. When performing the far-field
computation where periodic boundaries are present, the
computational EM package only uses currents computed from
the fields on the top surface of the computational domain. The
first step is to check the results of the solver for a known
geometry such as a simple square PEC plate.

The monostatic RCS of a square plate with an area A is given
by the following equation:
2
o(dB) = 10 - logy, (%) (1)
where A is the wavelength at the frequency of interest. Thus, a
model was created where periodic boundaries are present on the
model and a square PEC plate is placed in the lower surface of
the model. The RCS is computed using only the fields on the top
surface and the fields on the lateral surfaces of the computational
domain are ignored. Figure 6 shows the model and the far-field
RCS pattern for a normal incidence plane wave illumination.
The monostatic RCS can be plotted versus frequency and
compared with the results from (1). This is shown in Figure 7.
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Figure 6. Square plate model with periodic boundary
conditions and RCS far field pattern
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Figure 7. Square plate RCS, computed and calculated
from equation (1)

The results show that the solution is correct, and it agrees with
the results from (1).

Another set of computations were performed, where the size of
the plate was modeled at 12-inches by 12-inches, then, when the
far field results were computed, an array configuration was
created. In the same fashion as the 12-inch by 12-inch, a square
array of 4 elements by 4 elements was created separated by 12-
inches center to center. When the far-field of this array is
computed, the RCS obtained is that of a plate with a size equal
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Figure 8. Different size PEC plates computed by creating
arrays of a smaller plate compared to results from
equation (1).

to 48-inches by 48-inches. Similarly, a 2 element by 2 element
square array provides the result for a 24-inch by 24-inch plate.
This can be used to estimate the RCS of larger and larger walls
of absorber when calculating the background RCS of chambers.
The results of this numerical exercise are shown in Figure 8,
where the solutions are validated by comparing them to results
from equation (1).

B. RCS Analysis of Different Configurations.

Now that we have confidence on the numerical results
obtained from the models, we can analyze a series of absorber
configurations to determine which one is the best solution by
having the lowest RCS signature and therefore the smallest RCS
background in the anechoic range.

A series of numerical models were simulated. As it was done
in the time domain, standard pyramids, twisted pyramids and
standard pyramids with different inserted pyramids were
analyzed. For the case of the inserted pyramids, different carbon
loadings for the foam of the inserted pyramids where analyzed.
Additionally, as in the time domain analysis, different sizes of
pyramids, 24-inch and 36-inch, where also analyzed. The results
of these analyses are shown in Figure 9.

The results validate both the measurements performed in [1]
as well as the suggestion that a twisted pyramid geometry has a
lower RCS than a standard pyramid. Clearly, the twisted
pyramid geometry has the lowest RCS of the different
configurations. For the configurations like the one depicted in
Figure 1c¢), the inserted pyramids should have a higher loading
of carbon or higher losses than the background pyramidal
material. This is usually the case, as the smaller the pyramid, the
higher the carbon content and losses of the foam material [5].
Data suggest that the heavier the loading the better. Smaller
pyramids do not increase the RCS significantly and the levels



are comparable to the results obtained for medium and heavy
loaded larger pyramids. This could be a savings in cost since
shorter RF pyramidal absorber has more single pyramids per
block and the cost is lower.

It should be noted that while the twisted pyramid geometry
provides the best RCS levels, it is only available for larger sizes
such as 48-inch and 72-inch tall pyramidal absorber.
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Figure 9. RCS results for a 48-inch by 48-inch
absorber arrangement.
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Figure 10. Two sets of complex permittivity used for
modeling the 72-inch absorber.

IV. ADJUSTING THE MATERIAL PROPERTIES OF THE TWISTED
AND STANDARD PYRAMID

The RCS of the pyramidal absorber can be improved by
optimizing the material properties of the absorber.

Two different complex permittivity values are shown in
Figure 10. The simulations shown earlier in this paper used the
so-called “original” material properties. A higher loss material
shown in Figure 10. can be used to model the pyramids. By
increasing the losses of the material properties, the incoming
wave is more attenuated by the time it reaches the base of the
absorber; hence the parallel edges to the incoming wave at the
base have a smaller effect on the reflectivity of the material;
hence the RCS is significantly reduced as shown in Figure 11.
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Figure 11. RCS for the simulated twisted and
standard pyramid with different material properties.

The data show that increasing the losses significantly reduced
the RCS of an arrangement of four pyramids. More importantly,
the twisted pyramid does not show any advantage over the
standard pyramid for the frequency band for which it was
modeled.

The simulations show that the RCS performance of the
absorber is not only dependent on the geometry but also on the
material properties. If the right properties can be created, higher
losses without increasing the real part the incoming wave is
attenuated enough that the features at the base do not exhibit a
significant effect on the reflectivity of the absorber as well as its
RCS.

The reflectivity of the absorber was also computed using two
different numerical methods: a time domain and a FEM
approach. The FEM approach was performed using an ANSYS
HFSS. The two methods show similar results and are shown in
Figure 12.
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Figure 12. Reflectivity for the Twisted and Standard
Pyramid with the higher loss loading.

V. CONCLUSION

A series numerical analyses have been performed to validate
the RCS of different absorber configurations. The solutions
presented in the past are also further analyzed by looking at the
effects of using smaller pyramids inserted into the main

pyramidal absorber treatment. The loss of the pyramids and its
effect on the RCS is also analyzed. The configurations analyzed
were, for some cases, previously measured in [1]. The results
show that some of the proposed solutions presented in [1] do
indeed reduce the RCS of the absorber treatment. The data show
that some of the geometries, like the twisted pyramid, can reduce
the RCS of the absorber compared to a standard pyramid, as
suggested in [1]. The numerical simulations allowed for trying
different material properties for the RF absorber. Such numerical
experiments suggest that a standard pyramid with optimal
loading can outperform a twisted pyramid.
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