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Kevin M. Lambert
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SUMMARY

A corrugated horn has been designed and fabricated for use as a feed for the
half-scale accurate antenna reflector. This feed allows the reflector to be used in
a compact range configuration as part of a microwave reflectance measurement system.
This report describes the horn design and presents the measured farfield patterns of
the horn. The horn was installed at the focus of the reflector and the near-field of
the antenna was measured. The results of these measurements are presented and
discussed with respect to the compact range application.

INTRODUCTION

Previous studies have investigated the use of the half-scale, accurate antenna
reflector as a reflector for a compact range measurement system. The first study
(ref. 1) was an examination of the quiet zone which would be produced by the
reflector. Various aperture tapers were assumed and the near-field response of the
reflector was calculated for each taper. The quiet zones which were producéd were
evaluated with respect to the requirements found in (ref. 2). These requirements
state that the quiet zone should contain no more than 'l dB of amplitude taper and
less than 0.1 dB of amplitude ripple. The study found that aperture tapers in excess
of -30 dB would be needed in order to meet the ripple reguirement. The high taper is
necessary to reduce the diffraction from the edge of the reflector which is the
dominate cause of the ripple.

A suitable feed horn design, which would produce this high aperture taper was
not found. Therefore, another study (ref. 3) was performed to determine the error
levels which the ripple would cause in the planned experiment. The conclusion of
this study was that a -20 dB taper could be used without significantly affecting the
results of the measurement. Practical feed horns can be designed and built to
generate this taper in the aperture.

The design of a feed horn, to produce such a taper on the half-scale
reflector, will be reported here. The horn was fabricated in the machine shop at
NASA Lewis Research Center (LeRC). The pattern performance of the horn was measured
in the Far-~Field Laboratory at LeRC. The results of the measurements are presented
and compared to theoretical predictions of the patterns.

After completion of the far-field tests, the horn was mounted with the half-
scale reflector in the Near-Field Test Facility at LeRC. Near-field tests of the
horn/reflector combination were performed over the frequency range of the horn. The
results of these tests are also presented in this report. These results indicate the
quiet zone that is produced and therefore they are analyzed with respect to the
original requirements.

REFLECTOR FEED HORN DESIGN

As was mentioned in the introduction, the first requirement of the reflector
feed is to produce a -20 dB taper in the reflector aperture. This characteristic



egsentially determines the size of the feed aperture. Other congiderations define
the type of feed to use. A corrugated horn type feed was chosen for several reasons.
A properly designed corrugated horn will produce a symmetric co-polar pattern over a
wider frequency range than other types of feeds. This characteristic will provide
for a relatively symmetric quiet zone. Additionally, the corrugated horn has low
cross-polarization and low backlobe levels. The low backlobe levels are important in
that the direct illumination of the quiet zone by the feed is insignificant. The
size and weight of the feed are not a consideration in this system. Therefore, a
corrugated horn is well suited for this application.

A method for designing corrugated horns may be found in reference 4. That
method and the design curves presented in the reference were used to assist in the
design of this corrugated horn. To verify the required aperture size, the Body of
Revolution (BOR) Moment Method model of circularly symmetric feed horns (ref. 5) was
used. This model is an option contained in The Ohio State University Reflector

Antenna Code (ref. 6).

Figure 1 shows the angles subtended by the half-scale reflector, from the
focus. To ensure that the taper is -20 dB or greater, the feed should be designed to
produce a main beam that has a -20 dB beamwidth of about 36°, at the lowest frequency
of operation. The size aperture that the horn would need to do this can be estimated

from the universal curves shown in figure 2 (ref. 7). In this figure the parameter,
(1)

A _ a?

A2

represents the spherical phase cap introduced by the flare angle of the horn.
In equation (1), a is the radius of the horn aperture, { 1is - the slant length and
A is the wavelength. The curves are plotted as a function of,

u=kasin9 (2)

where k = 27/ and 6 1is the angle measured from the axis of the feed. Note, that
the case with A/A = O represents a straight waveguide section. As A/A gets
larger, the flare angle increases and the length of the horn shortens. However, for
narrower flare angles, the phase center of the horn varies less with frequency

{(ref. 4). choosing A/X = 0.2, the -20 dB level occurs for u = 5.3. The horn is to
operate in the X-Band frequency range. Therefore, solving for a at 8 GHz and

6@ = 18.296° results in an aperture radius of 3.964 in. The corresponding full flare

angle of the horn is 17.02°.

With this information, the OSU - Reflector Antenna Code can be used to generate
a sample pattern of the horn. Figure 3 shows the calculated magnitude and phase
pattern of the horn at 8 GHz. As planned the -20 dB beamwidth is nearly 36°.
Patterns of the horn at higher frequencies could not be calculated because the large
horn size required more Moment Method current elements than the computer could
handle. However, the B GHz calculation reinforces the choice of aperture diameter.

The corrugations within the horn, the flare section and the throat region were
designed following the guidelines provided in reference 4. Sketches of the horn
design are given in figure 4. The design frequency for the corrugations was taken to
be midband, 10 GHz. There are six corrugations per wavelength at this frequency.
The width of the slots are 0.128 wavelength resulting in a ridge thickness of 0.038



wavelength. 1In the flare region of the horn, the depth of the corrugations is a
constant 0.26 wavelength. In the throat region, which is the smooth wall to
corrugated waveguide transition, the slot depths vary. This is done in order to
improve the match between the two types of waveguide. The slot depths vary from 0.5
wavelength at the junction between the two waveguides, to 0.26 wavelength at the
twenty-first slot. The manner in which the slot depths vary is determined from
design curves provided in reference 4.

The horn was machined out of aluminum and had to be fabricated in three pieces.
This was necessary in order to shorten the length that the tool had to be extended in
order to cut the corrugations. At the junctions where the pieces would meet, a
flange was machined on the exterior of the horn. The horn is then held together at
the flanges with No. 10-32 screws.

The smooth wall input waveguide of the horn has a diameter that is one
wavelength (1.180 in.) at the design frequency of 10 GHz. Again this is chosen to
improve the match of the horn. Commercially available X-Band rectangular waveguide
to circular waveguide transitions use a circular waveguide diameter of 1 in.
Therefore, a WC 1.00 to WC 1.18 circular waveguide transition had to be designed and
built for use with the corrugated horn. Figure 5 shows a drawing of the transition.
A WR 90 to WC 1.00 rectangular to circular waveguide transition was obtained from
Seavey Engineering Associates, Inc. (of Cohasset, MA). Finally, an HP model X28lA
coaxial to waveguide adapter is used to feed the horn assembly.

FAR-FIELD MEASUREMENTS OF THE REFLECTOR FEED

The far-field patterns of the corrugated horn were.measured in the recently
automated Far-Field Laboratory at Lewis (ref. 8). The corrugated horn was used in
the receive mode and a Scientific-Atlanta model number 12-8.2 standard gain horn was
used to transmit. 1In the original tests, the separation between the horns was on the
order of 15 ft. Note that the 2D2/X distance for the corrugated horn is on the order
of 10 ft at 12 GHz.

The patterns were taken in both the E-plane and the H-plane of the horn at
frequencies of 8, 10, and 12 GHz. The patterns are displayed in figures 6 to 11l.
The patterns were not taken with the phase center of the horn over the center of
rotation of the pedestal. Analysis of the measured phase patterns indicated that the
phase center of the horn was located 4-9/16 in. behind the aperture of the horn. The
phase patterns were processed to compensate for the difference between the center of
rotation and the phase center. Figures 6 to 11 show the processed phase patterns.

The measured data shows that the corrugated horn has a 40°, -20 dB beamwidth at
8 GHz. This is slightly larger than what was desired but not enough to be of
concern. Comparison of the E-plane data with the H-plane data shows that the main
beam is symmetric to the -20 dB level at both 8 GHz and at 10 GHz. At 12 GHz,
pattern symmetry suffers as the E-plane becomes narrower than the H-plane.
Apparently this frequency is outside of the bandwidth of the corrugation designs
used. Note, however that the H-plane is still on the order of -20 dB relative to the
peak at 18°. This will probably result in a quiet zone of elliptical cross section
at the higher end of the frequency band. The phase patterns of the horn remain
relatively flat across the frequency band indicating that the phase center is
insensitive to changes in frequency. Thus the reflector antenna should remain in
focus at all frequencies when the horn is used as the feed.



Figure 12 shows a comparison of the calculated and measured data for the horn
at 8 GHz. This plot indicates that the horn is performing as desired except for the
slighter wider beamwidth at the ~20 dB level.

REFLECTOR FEED MOUNT

For operation with the half-scale reflector, the corrugated horn is mounted
within the reflector system such that the phase center of the horn coincides with the
focus of the reflector. The focus of the reflector is located with respect to the
reflector surface as shown in figure 13. As mentioned earlier, the phase center of
the horn is located 4-9/16 in. behind the aperture of the horn. The corrugated horn
is shown mounted in the reflector system in figure 14.

The horn is held in the reflector system by a feed mount that was designed
specifically for this application. Figure 15 depicts the assembly drawing of the
feed mount and the horn. The figure also shows the three sections that make up the
corrugated horn. The flanges, where the sections of the horn meet, are used in the
feed mount design to support the horn. Figure 16 identifies the six separate pieces
which make up the feed mount. Detailed drawings of the individual pieces are given
in figures 17 to 21.

Minor adjustment of the feed for focussing is accomplished with the slotted
holes in the base plate, Part E. These slotted holes allow the horn to move along
the line connecting the focus with the center of the reflector. No provision was
made for side to side focussing because it was assumed that the support truss was
fabricated accurately. The same is true for the tilt angle of the horn. Height
adjustment could be accomplished by the use of shims, however subsequent testing
proved that this was not necessary. The horn is mounted by the flanges using parts A
and B. The symmetric bolt pattern allows the polarization of the horn to be set to
vertical and horizontal as well as in the 45° planes.

The feed mount was fabricated and assembled in the shop located at the Near-
Field Facility.

NEAR-FIELD MEASUREMENTS OF THE REFLECTOR SYSTEM

The half-scale reflector system, with the corrugated horn as a feed, was tested
in the Near-Field Facility at LeRC (ref. 9). Figure 22 shows a photograph of the
reflector system within the facility. The goal of these measurements was to probe
the near-field of the antenna to determine the type of quiet zone that the system
would generate. The near-field was sampled over a 2 by 2 m grid, which was centered
on the antenna aperture. The sampling resolution was 20 mm. The range between the
antenna and the scan plane was on the order of 15 ft. Data were taken at 8, 9, 10,
11, and 12 GHz for both vertical and horizontal feed polarization.

The vertical and horizontal center line scans of each test are presented here
in order to characterize the quiet zone. The conditions of the test for each plot is
summarized in the following two tables. Table I is the summary for tests when the
feed was vertically polarized. Table II is for horizontal polarization of the feed.



PLOTS FOR VERTICAL POLARIZATION

Figure Frequency, Scan
GHz
23 8.0 Vertical
24 8.0 Horlzontal
25 9.0 Vertical
26 9.0 Horizontal
27 10.0 Vertical
28 10.0 Horizontal
29 11.0 Vertical
30 11.0 Horizontal
31 12.0 Vertical
32 12.0 Horizontal

TABLE II. - SUMMARY OF NEAR-FIELD
PLOTS FOR HORIZONTAL POLARIZATION

Figure Frequency, Scan
GHz
33 8.0 Vertical
34 8.0 Horizontal
35 9.0 Vertical
36 9.0 Horizontal
37 10.0 Vertical
38 10.0 Horizontal
39 11.0 Vertical
40 11.0 Horizontal
41 12.0 Vertical
42 12.0 Horizontal

The plots reveal the general characteristics of the quiet zone that is
generated. The amplitude patterns show that some ripple remains from the diffraction
at the edges of the reflector, even though the reflector is under illuminated. As
would be expected, the shape of the near-field pattern becomes narrower as frequency
increases. By using the criteria that the quiet zone is the region within the -1 dB
taper of the near-field pattern, the amplitude plots can be used to estimate the size
of the quiet zone. The sizes are estimates because the ripple makes it difficult to
judge where to define the boundaries of the quiet zone. Table III ie a summary of
the estimate for vertical polarization of the feed. Table IV is the summary for
horizontal polarization. The phase patterns indicate that the reflector remains in
focus across the fregquency range.



TABLE III. - SUMMARY OF QUIET ZONE SIZE FOR
VERTICAL POLARIZATION

Frequency, Vertical plane, Horizontal plane,
GHz in. in.
8.0 10.3 11.3
9.0 10.8 11.3
10.0 9.8 12.3
11.0 8.9 7.6
12.0 7.9 11.1
TABLE IV. - SUMMARY OF QUIET ZONE SIZE FOR
HORIZONTAL POLARIZATION
Frequency, Vertical plane, Horizontal plane,
GHz in. in.
8.0 10.3 11.3
9.0 10.8 10.3
10.0 9.8 10.3
11.0 9.4 9.8
12.0 8.6 8.4
CONCLUSION

The half scale reflector, with the described corrugated horn as a feed,
produces a quiet zone that can be used for reflectance testing. The cross section of
the quiet zone is roughly circular, with a 10 in. diameter. Therefore, the size of
the test articles should be such that they fit within this region, if the -1 dB taper
requirement is adhered to. Larger objects could be measured however the increased
taper across the object must be kept in mind when interpreting the data.

levels in the quiet zone are small but it is doubtful that they are

Note that in the actual near-field testing environment, the ripple
can be caused by scattering from structures in the test area. This is in addition to
the contribution from the reflector rim and direct feed illumination. The near-field
scanner, which carries the probe, is a large metal structure as are the support beams
and rails on the floor. Not all of these structures are covered with absorber.
Consequently, there is the possibility that these structures will scatter into the
quiet zone. The actual ripple levels should be acceptable for most testing.

The ripple
less than 0.1 dB.

A compact range type of measurement system can be developed around this horn
and reflector combination. Further qualification of the quiet zone can be achieved
by measuring the reflectance of standard test articles and comparing the data with
theoretical results.
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FIGURE 15. - ASSEMBLY DRAWING FOR THE CORRUGATED
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FIGURE 21. - PART E DETAIL OF THE REFLECTOR FEED MOUNT.
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