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ABSTRACT

This paper reports on the design, fabrication and
installation of the first large compact range whose
reflector was machined in one piece. The overall size
of this reflector is 30 feet high and 43 feet wide and it
produces a test zone 18 feet high and 30 feet wide. It
features a novel serrated edge design and a unique
multi-feed system. This compact range was fabricated
under contract to the U.S. Navy and is currently
installed at the Pacific Missile Test Range at Pt. Mugu,
California.

KEYWORDS: Compact Range, Radar Cross Section

1. INTRODUCTION

For the last ten years the need to make radar cross
section measurements on large targets indoors in -a
secure, laboratory environment has spurred the
development of compact ranges with larger and larger
test zones. The major issue in designing these large
compact ranges is how to achieve the precise surface
accuracy required over the very large surface of the
compact range reflector. Until recently all large
compact range reflectors were designed and fabricated
using a large number of precision formed panels. These
panels were mounted to a steel backup structure and
aligned using theodolites and photogrametry to achieve
the best surface accuracy possible. Although
representing a major step forward in compact range
design, the performance of these reflectors was limited
by the steps and gaps between adjacent panels and the
overall alignment accuracy achieved using state-of- the-
art optical techniques. This paper reports on the design,
fabrication and installation of the first large compact
range whose reflector was machined in one piece. This
compact range is currently installed and operational at
the Pacific Missile Test Range at Point Mugu,
California.
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2. BACKGROUND

A compact range is a device which mechanically
collimates a spherical wave to generate a plane wave
which satisfies the far-field criteria for testing
microwave antennas and measuring the radar cross
section of objects. The most common configuration of
a compact range consists of an offset fed precision
paraboloidal reflector. A small broad beamwidth feed
placed at the focal point of the reflector radiates a
spherical wavefront which is collimated when it is
reflected by the paraboloidal reflector. Figure 1 shows
a schematic diagram of this process.

The mechanical accuracy requirements of the reflector
are stringent. A common rule of thumb is that the
peak deviation of the reflector surface from a true
paraboloid should be < 0.007 of a wavelength. With
compact ranges commonly required to operate to 100
GHz, this translates into a peak surface deviation of
.001 inches. In the latter half of the 1980’s, several
very large compact range reflectors were built using
precision formed panels. Although the individual
panels can be built to the required accuracy, the
accuracy of the alignment of the panels determines the
upper operating frequency limit. Currently this does
not allow .001 inch alignment accuracy.

3. Design Objectives

The fundamental requirement was to build a compact
range with an 18 ft high by 30 ft wide test zone that
would provide accurate measurements of the radar
cross section of objects from 1 to 100 GHz.

3.1 Mechanical Design Objectives:  The overall
objective of the mechanical design effort was to
incorporate the proven design features of the Scientific-
Atlanta Series 5700 family of compact ranges into this
larger reflector. These reflectors all incorporate a steel
truss structure which supports a steel front face covered
with epoxy, which is then machined and coated with
silver. The reflector surface is machined in one piece




before being disassembled for shipment. The result is
a reflector that has a continuous surface that is free of
the steps and gaps found in a panelized reflector.

3.2 Electromagnetic Design Objectives: The large
compact range reflector system provides far-field
conditions in a 30 ft wide, 18 ft high, and 30 ft deep
test zone to allow monostatic and bistatic RCS
measurements of targets up to 30 feet in length. The
quiet zone performance is consistent with a typical
variation of + 1 dB for the operational frequencies of
1.0 GHz to 100 GHz. Further, the amplitude taper and
ripple specifications are summarized in Table I below.
The other pertinent specifications for the quiet zone
field pertain to the feed performance. These include
the polarization purity of the field, the minimization of
feed "ringing", and the minimization of the number of
feeds to cover the operating frequency band.

4. The Final Design

The final design of the compact range to meet these
requirements was a prime focus virtual vertex design
similar in many respects to the Scientific-Atlanta Model
5708 Compact Range.

4.1 The Mechanical Design: The final mechanical
design drew on Scientific-Atlanta’s many years of
experience in designing compact ranges. Figure 2
shows the front view of the compact range. The
reflector is an offset section of a paraboloid with the
focal point located below the body of the reflector. The
reflector has a 32 ft focal length. The main body of the
reflector is 43 ft wide and 30 ft high. The edge of the
reflector is serrated with a continuous series of

pentagon shaped serrations. A welded steel structure
was used for the body of the reflector with a 1" thick
epoxy bonded to the steel to form the machinable
surface.

4.2 Electromagnetic Design:  The quiet zone
performance of the compact range system allows
measurements to be performed from 1.0 GHz to 100
GHz. The test zone will accommodate test apertures
up to 30 ft in the horizontal plane and 18 ft in the
vertical plane. The quiet zone characteristics are
suitable for RCS and pattern measurements. The quiet
zone characteristics are achieved by the careful design
and implementation of three primary parameters, 1)
surface tolerance of the virtual vertex, offset reflector,
2) the edge treatment, and 3) the primary feed
characteristics. The electrical considerations of the
quiet zone resulted in the use of a machined reflector
surface, a serrated edge design that minimizes the
diffraction effects of the reflector edges, and a family
of feeds that provide the proper amplitude illumination
of the prime focus, offset fed configuration and ring-
free operation for RCS measurements.

Reflector Edge Treatment: A study of various edge
treatment techniques was performed during the design
phase of the reflector. The tradeoffs of electrical
performance and cost led to the choice of serrations as
the proper edge treatment. Various serration shapes
were analyzed as to their effect with regard to
amplitude taper and ripple within the desired quiet
zone. The shapes considered included the conventional
triangular tooth to a continuous curve tooth. The
tradeoff between cost and quiet zone performance led
to the selection of a five sided section (pentagon) for
the serration geometry.

Table I. Quiet Zone Performance Requirements

Frequency Maximum Amplitude Amplitude Phase
(GHz) Field Taper Ripple Variation
Variation Typical Typical (Degrees)
Peak-to-Peak (dB) (dB)
(dB)
1.0 to 18.0 2.0 + 0.75 + 0.25 + 8.0
18.0 to 40.0 3.0 + 1.0 + 0.50 + 10.0
40.0 to 4.0 + 1.0 + 1.0 + 20.0
100.0
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Feeds: The operational frequency requirement of 1.0
GHz to 100 GHz was desired to be accommodated with
the minimum number of feeds. This led to the
consideration of very broadband, multi-octave designs
as well as conventional waveguide bandwidth feeds.
The considerations of beamwidth vs frequency, gain,
polarization purity, and impedance led to the selection
of two feed designs, a narrow band (waveguide
bandwidth) sinuous feed for operation from 1.0 GHz to
18.0 GHz and a 180 degree flared corrugated feed for
the 18.0 GHz to 100 GHz band.

The desired illumination of the compact range offset
reflector led to the selection of a dual polarized,
sinuous feed that operates over waveguide bandwidths
(i.e., 2.6 GHz to 3.95 GHz) rather than the typical
multi-octave design. The narrow band operation
allowed the design parameters of the sinuous feed to be
optimized to provide a minimum 1 dB beamwidth of 50
degrees versus frequency. The sinuous feeds also
provide excellent "ring-free" operation and acceptable
impedance, gain , and polarization characteristics.

The 18.0 GHz to 100 GHz operation is provided by a
series of single linear polarized corrugated horns. The
"ring-free” operation is achieved by a simple,
proprietary design that provides for a TE,, mode
operation across a normal waveguide band (i.e., 18.0
GHz to 26.0 GHz.) and effectively eliminates the
higher order modes that typically limit the "ring-free"
performance within circular waveguide. The
corrugated flange feed provides excellent polarization
performance as well as acceptable 1 dB beamwidths
for the desired illumination of the compact range
reflector.

5. Predicted Performance

The electrical design described above was analyzed
using a  physical optics computer modeling code
developed by Scientific-Atlanta. This code has been
used to successfully predict the performance of a
number of Scientific-Atlanta compact ranges.

6. Construction Techniques

The reflector consists a three-dimensional truss
supporting steel panels approximately 20 inches on a
side to which are bonded epoxy panels. A layer of
silver is applied to the machined epoxy to form the
conducting surface of the reflector.
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This reflector incorporates a truss arrangement
consisting of identical vertical trusses connected by
similar horizontal members assembled in an
approximately square grid. A typical truss weldment
is shown in Figure 3. This arrangement takes
advantage of the property of a paraboloid that any
section cut parallel to the axis is a parabola with the
same focal length, thus allowing the use of the same
truss shape if the trusses are aligned parallel to the
axis. The construction module chosen is based on the
use of flat panels to approximate the paraboloid. This
faceted structure is machined to a paraboloid shape on
a special milling machine. The size of the panel is
constrained by a requirement to limit the variation in
the epoxy thickness and to limit the deflection of the
panels during the machining process. Larger panels
require thicker epoxy and thicker steel plates, but fewer
trusses. A trade off was made to balance weight,
material costs, and labor costs, while controlling
deflection and stresses to predetermined levels. The
panels are rhombuses approximately 20 inches on each
side. Theoretically, each location requires a different
shaped panel, but the panel shapes required are similar
enough that they could be grouped into only a few
different parts to simplify construction.

Epoxy was chosen for the machined surface because of
its machinability. So little energy (heat) is transferred
into the structure during the milling operation that there
is negligible distortion. Being a closed cell thermoset,
it is unaffected by humidity or temperature extremes.
Like all plastics, its coefficient of thermal expansion is
much higher than that of steel, leading to some
distortion of the surface if used over a wide
temperature range. Compact ranges are used in
controlled environments, so the magnitude of the
problem is acceptably small. The epoxy is cast in
panels an inch thick x 20 inches wide x 60 inches long .
and cut to the required sizes before being bonded to the
steel panels using the same epoxy.

From an electromagnetic viewpoint, the silver is the
only important part of the structure. After the
machined epoxy surface is inspected to mechanical
surface criteria, silver paint is applied to the surface.
Further testing is done in the electromagnetic realm.
After all testing is successfully completed, a coat of
white paint is applied to protect the silver. The reason
for waiting to apply the final coat is to be able to
examine the silver surface and the fit of the pieces of
the reflector at the level of the silver.




7. Measured Quiet Zone Performance

The measured quiet zone performance is summarized
in Table II below:

The measured performance of the compact range
agreed well with the performance predicted by the
physical optics model. An example of the predicted
versus measured quiet zone performance for the
horizontal plane is shown in Figure 4.

8. Summary & Conclusions

The compact range described above has been
successfully installed at the Pacific Missile Test Range
at Point Mugu, California. The 18 ft high by 30 ft
wide test zone is suitable for measuring the RCS
characteristics of flight hardware. This is the first large
compact range to be built with a precision surface that
is machined in one piece. The elimination of the steps
and gaps inherent in a panelized reflector design
provides much improved performance in the higher
frequencies of operation.

Table II. Measured Quiet Zone Performance

Frequency Amplitude Taper Ripple Phase

(GHz) Variation (dB) (dB) Variation
(Peak-to-Peak) (Peak-to

Peak) Deg

1.20 2.1 1.9 + 0.5 < 10

1.50 1.3 0.8 + 0.5 <9

3.0 2.0 1.8 + 0.2 <9

3.9 2.0 1.8 + 02 <9

6.0 1.6 1.5 + 0.1 <7

7.5 14 1.3 + 0.1 <9

8.2 2.0 1.8 +0.1 <10

10.0 1.4 1.3 + 0.1 <12

17.0 2.7 2.3 + 0.4 < 16

19.0 2.7 2.4 + 0.2 < 20

28.5 3.1 2.0 + 0.6 < 20

37.0 3.2 2.4 + 0.4 <23

90.0 34 2.6 + 0.9 < 30
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Figure 1  The Principle of the Compact Range
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Figure 2 Compact Range Front View
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Figure 3  Typical Truss Weldment
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Figure 4  Measured Versus Predicted Quiet Zone Performance
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