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Abstract
In an earlier paper the virtual vertex compact
range reflector was introduced and data from a
specific design was reported. This paper
describes the extension of the wvirtual vertex
serrated edge concept to other reflectors that
serve a wider range of application. Two new 12

ft focal length reflectors have been built that
possess 3 ft and 6 ft diameter symmetric test
zones. We describe the electromagnetic consid-

erations and the mechanical design approach that
has been used for these reflectors. We demon-

strate the performance with field probe data
showing the excellent surface accuracy of these
units.
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Introduction

In an earlier paper of a year ago the concept of
the wvirtual vertex compact range reflector was
introduced and data from a specific design was
reported. That design demonstrated performance
for a large test zone 8 ft high by 12 ft wide
with a 24 ft focal length paraboloidal reflector.
A half-scale version of that design was also
built and evaluated; the half scale version
yielded a 4 ft high by 6 ft wide test zone with a
12 ft focal length reflector. Those two earlier
designs were given Scientific-Atlanta product
designations 5708 and 5704 respectively. Over
the past year two new 12 ft focal length
reflectors have been designed and built that have
3 ft and 6 ft diameter circular test zones that
are symmetric. In this paper we report some of
the evaluation data measured for these two
reflectors and describe the new approach to the
mechanical backup structure that has been used.
These two newer compact ranges have been given
the product designations 5703 and 5706. These
four reflectors are members of a larger set of
serrated edge virtual vertex compact ranges which
will support both radar cross section measure-
ments and antenna pattern measurements. Below,
we describe the rationale for this approach and
the new designs which have been implemented.
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Electromagnetic Considerations
in Compact Range Design

The design of a compact range begins with the
requirement that a nearly perfect plane wave
field be produced in the test zone of the range.
The amplitude of the wavefront ideally should be
uniform and the surfaces of constant phase
ideally should be planar. The most critical
aspect of meeting these two objectives over a
broad band of frequencies is the issue of surface
tolerance. Experience has proven that an
excellent surface is required if surface induced
amplitude variation is to be held to a few tenths
of a dB at the higher microwave frequencies.
(One might expect that surface deviations would
show up first in the phase of the wave; but in
fact, because amplitude resolution is more easily
obtained with the measurement apparatus, the
effect of surface tolerance is more apparent in
amplitude field probe data.) To produce a field
probe trace at 40 GHz with surface induced
variations less than 0.5 dB requires a surface
accuracy better than several thousandths of an
inch. The net result of the consideration of
surface tolerance is that a paraboloidal surface
accurate to +.0015 inch or better is required to
obtain excellent performance in the millimeter
wavelength portion of the spectrum.

Another important consideration in compact range
design is feed blockage of the collimated wave
which illuminates the test zone. Placing the
feed below the collimated wave reduces the
diffracted wave scattered off of the feed
structure and provides more space for the feed.

Separating the feed from the collimated beam
yields a reflector which is truncated to exclude
the vertex of the paraboloid. The vertex of the

reflector is a virtual point in space located
below the reflector surface. Hence the term
virtual vertex reflector.

The virtual vertex geometry has an extremely
important advantage for radar Cross section
compact ranges. Placing the feed below the
collimated wave greatly reduces the largest

clutter signal seen by the instrumentation radar,

which otherwise would be the pulse coming
directly off the reflector. Reducing the signal
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levels scattered from the

In wvirtual vertex compact ranges, the feed's
being removed from the collimated wave means also

that the feed itself is much less of a clutter
target because it is not illuminated. Also, its
rescattering upon illumination, into the reflec-

tor and onto the target, again, is eliminated in

the virtual vertex layout.

The wvirtual vertex geometry, because of the
several important advantages it offers has been
taken as a design requirement for the most recent
generation of compact ranges.

range reflector surface
consideration. At
been obtained

Truncation of the compact
is another important
Scientific-Atlanta experience has
with both serrated edge treatment and blended
rolled edge treatments to control diffraction
effects. Both have been used successfully in
commercial products. Because of the virtual
vertex layout and the corresponding need to
truncate the reflector above the horizontal
centerplane of the paraboloid, the serrated edge
treatment has been selected as more appropriate.
A rolled edge ‘would entail many specially shaped

pieces all different and all fabricated by a
process not related to the main surface
machining.

features of these
in

The essential electromagnetic
newer compact range reflectors are summarized
the terms virtual vertex and serrated edge.

The Model 5706 Compact Range Layout

The requirement for a compact range to provide a

test zone 6 feet in diameter can be met by a
reflector approximately 12 ft in dimension. This
overall dimension is dependent upon the lowest

Since most antenna patterns

in the azimuth axis it is
very important to avoid the main beam seeing
strong diffraction signals from the two side
edges of the reflector. This consideration
argues for a reflector that is considerably wider
than the test zone. Since most buildings have
limited space vertically it is important to
minimize the vertical extent of the reflector.
The 5706 reflector layout represents a compromise
made with these considerations in mind. The low
frequency end of the design band is 2 GHz. The
serration edge treatment is approximately ¢
wavelengths in dimension on the top and bottom
edges and 5 wavelengths on the side edges. (Edge
treatments of 5 lowest frequency wavelengths are
typical in compact range reflector design.) The
amount of margin allowed between the serrations
and the test =zone projection is 2 wavelengths on
the top and bottom and 4 wavelengths on the
sides. The 5706 compact range can be accommo-
dated by a rectangular chamber 18 ft high by 20
ft wide by 36 ft long.

design frequency.
are made by rotation
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The Model 5703 Compact Range Layout

Most compact range layouts are symmetric -- with
a plane of reflection symmetry that contains the
feed. As with the 5706, placing the feed below
the test zone gets it out of the azimuth plane,

making the symmetry plane vertical. The Model
5703 compact range design places the feed in the
45° plane, making the symmetry plane slanted.

The feed is placed below and off to the side of
the test zone. The advantage of this layout is
that permits better use of the room height
because the feed does not tend to block the test
zone, and therefore the test zone can be lowered.
Furthermore the feed does not lie in the azimuth
plane, either.

The Model 5703 reflector is designed to provide a
3 foot test zone for frequencies as low as 5.8
GHz. It accomplishes this with a reflector of 12
ft focal length. The overall dimension of the
reflector is 9 feet, including serrated edge
treatment; the main body of the reflector is 5 ft
and the edge treatment is 2 ft on each side. The
edge treatment is 12 lowest frequency wave-
lengths; there are 6 lowest frequency wavelengths

of margin between the edge and the test zone
projection. The 5703 compact range can be
accommodated by a rectangular chamber 12 feet
high, 12 feet wide and 20 feet in length.
Mechanical Design of the 5703
and 5706 Reflectors
For  the 5700 compact range reflectors, the
mechanical requirements that derived from the

electromagnetic considerations were a uniformly
conductive reflecting surface, excellent surface
accuracy of $0.0015 inches worst case error and a

virtual vertex serrated edge layout of the
paraboloidal surface.

The most critical property for a compact range
reflector 1is surface accuracy. Surface accuracy
is determined by (1) the surface generating
technique, (2) the rigidity of the backup
structure, (3) the short term stability and (4)
the long term stability of the integral unit.
The 5703 and 5706 compact range reflectors
maximize these properties by wusing a machined
surface supported by a stainless steel monocoque
backup structure. (The term "monocoque" refers

to a single unit shell-type of construction.)

The immediate
accurate mechanical surface
produced by an accurate and

implication of needing a very
is that it must be
reliable process.

After a program of investigation in the early
1970's Scientific-Atlanta selected a process
based on machining techniques that was devised

specifically to produce the first compact range
reflectors. This process has again been selected
for the wvirtual vertex reflectors of the modern
era. Each reflector 1is fabricated as a single
unit, machined as if it were comprised of a
single piece. The same process vyields the
finished surface of the main reflector as well as
the panels which form the serrations.




To obtain the accurately machined surface an
epoxy-based material has been selected for the
material in which the machined surface is formed.
It is an appropriate compromise in hardness and
stiffness between a material which is easily
machined and a material which holds it shape.
This epoxy material 1is a relatively thin layer
which acts as a substrate for a conducting silver
layer that is the reflecting surface proper. The
epoxy is supported in turn by a very rigid backup
structure whose shape 1is approximately parab-
oloidal. The epoxy layer is relatively thin in
order to maximize the rigidity of the reflector.
An overcoat layer protects the conductive silver
and provides a uniform appearance to the
reflecting surface.

To support the accurate paraboloidal surface an
extremely rigid backup structure is required. It
must sustain the accurate machined surface first
as it is formed and then as it is transported and
on throughout its useful life.

The early version compact range reflectors avail-
able commercially from Scientific-Atlanta were
built on a backup structure consisting of radial
steel trusses attached to a central steel hub.
The virtual vertex reflectors first described in
the 1988 paper were built upon a backup structure
consisting of steel tubes welded into rectangular
cells. This newer structure permitted the
virtual vertex geometry to be realized by
eliminating the hub. The backup structures of
the latest reflector design reported here are
shell-type structures that integrate the two
essential aspects of compact range reflectors
surface accuracy and large surface area. Since a
reflecting surface must be supported by the
backup structure, the approach to the backup
structure was to utilize surface area to obtain
rigidity. Hence the shell or monocoque design.

The monocoque approach is a highly redundant load
path structure with inherent rigidity. Whereas
in a truss type structure the 1loads are taken as
tension and compression, in a monocoque structure
the loads are taken in shear as well as tension

and compression. This type of structure is
common in aircraft and high performance racing
car design. See Figure 2.

The choice of stainless steel over other

as aluminum or fiberglass was
on the basis of stability and
The long term stability of
fiberglass type structures for high precision is
not as low a risk as for steel. The short term
stability of aluminum, that is the undesirable
growth in response to temperature changes, is on
the order of 1.5 times that of stainless steel.

materials such
primarily made
reliability.
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to the main
removed to

The serration panels are external

body of the reflector and can be
facilitate handling and shipping of the unit.
The serration panels are fabricated in the same
machining process that yields the main reflector

surface. This avoids the tolerance and match-up
problems wusually associated with fitting pieces
together mechanically. The electromagnetic
result is a single paraboloidal surface

terminated by the serrated edges. See Figures 3
and 4 for views of the 5703 and 5704.

Performance of the New Reflectors

The most sensitive tests of the compact range
reflector are made by ¢field probe measurements.
A standard test of surface tolerance consists of
a family of field probe traces in amplitude made
at many frequencies across a half-octave band.
These are usually done at one longitudinal
location for both polarizations and for both
horizontal and vertical lines of travel of the
field probe carriage. An example is shown in
Figure 3(b) for the Model 5703 in Ka-Band. This
demonstrates surface tolerance adequate to hold
surface-induced ripple below 0.3 dB, peak-to-
peak.

In Figure 4(b) amplitude field probe traces are
shown for the extremes of the continuous
frequency band covered by the Model 5706
reflector. Horizontal amplitude traces are shown
for 2.0 GHz, 3.95 GHz, 10.0 GHz and 40.0 GHz
demonstrating the very broad frequency coverage a
compact range reflector can support.

Conclusion

serrated edge reflectors have been
designed and built in four different layouts and
dimensions. The smallest test zone is 3 ft by 3
ft and the largest is 8 £t by 12 ft. These
reflectors accommodate both antenna testing and
radar c¢ross section measurements. The frequency
bands covered extend from 1.0 to 94.0 GHz. In
the future we expect to see the variety extended

Virtual vertex

both to smaller higher f£requency units and to
larger units.
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Figure 1. Side View Schematic of Monocoque Backup Structure. The conductive reflecting layer is

supported by a machined surface in an epoxy-based substrate. The substrate in turn is supported by a
shell structure consisting of ribs made of steel plates and a surface made of steel plates.

Figure 2. Rear View Photograph of 5703 Backup Structure. This shows the steel ribs and the steel plate
surface which form the shedl or monocogue backup structure for the 5703 reflector. The photo was taken
of the reflector prepared for shipment with serration panels removed, and additional braces in place.

2-35




3

29 34 GHz

e

—

Qi

2
32 GHz

1 dB
30 GHz
28 GHz
26.5 GHz

2-36

Figure 3a. Front View of
Model 5703 Compact Range
Reflector. The vertex of this
reflector is located between
two serration tips in the
lower right corner.

Figure 3b. Family of Vertical
Field Probe Traces. A family
of field probe traces made at
1 GHz steps across a waveguide
band demonstrates an excellent
surface by the absence of con-
sistent peaks within the test
zone. The vertical bars indi-
cate the boundary of the 3 ft
test zone. The troughs out-
side the test zone are related
to the edges. The horizontal
scale is one inch per smallest
division over #24 inches of
travel. The probe horn used
was a standard gain horn.



Figure 4a. Model 5706 Virtual Vertex Serrated Edge Compact Range. This shows the relationship between
the test zone and the compact range reflector. The test zone is located 111 inches above the floor. The
feed is between the test zone and the reflector 34 inches above the floor. The vertex of the
paraboloidal surface is between the lower tips of the two center serrations.

Figure 4b. Horizontal
Field Probe Cuts at 2, 4,
10 and 40 GHz. These

field probe cuts demon-
strate the wide frequency
coverage afforded by the
serrated edge design and
the accurate surface
tolerance. The extent of
the field probe traces is
72 inches or 6 ft. The
data were taken with
standard gain horns for
3.95 GHz  the appropriate frequency
band.

Amplitude in dB




NOTES
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