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SECTION 1 7
INTRODUCTION =5
,

P

The objective of thils research program was to provide antenna
modifications for a polarization diversifying addition to the AFGL 10 cm

Doppler weather radar.

This addition, together with a subsequent receiver addition, will allow
measurement of the coherent linear or circular monostatic scattering matrix of

meteorological phenomena. The observations provided by the modified radar

o

will allow for more direct (rather than inferred) measurement of these

Y

phenomena than has been heretofore possible. Examples of these additional .

s

observations include measurement of mean particle size, mean particle shape,
and thermodynamic phase. The purpose of this report is to discuss the actual
antenna modification; the interested reader should review References [1] and

[2] to gain 1insight into the radar measurables as well as the specifications

T e A2 SR}
‘al g a PSPPSR

required to attain a reasonable measurement accuracy. Reference [2] 1is

included as Appendix A.

In Section 2 the radar modifications and the installation of the feed
horn and associated microwave circuitry are discussed. A conclusion is drawn

in Section 3.
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SECTION 2
RADAR MODIFICATIONS

2.1 STRUCTURAL ANALYSIS

A structural analysis of the existing reflector together with the
proposed subreflector, support span assembly, feed support assembly, and feed
horn was performed by Mr. T. Walsh, P.E., of H & W Industries, Inc.,
Cohassett, Mass., This effort, consisting of both static and dynamic analyses,
determined the distortional effects of dead weight, seasonal thermal changes,
wind distortion, and inertial 1loading. The results of these analyses are

included as Appendix B.

2.2 CONVERSION TO CASSEGRAIN CONFIGURATION

The antenna was converted from a prime focus configuration to a
Cassegrain configuration. This conversion extended the focal 1length to
diameter ratio (f/D) of the main reflector and thus reduced the anticipated
linear cross~polarization to acceptable 1levels. The conversion was
accomplished by adding a subreflectog and feed support assembly. The existing
tripod feed support was replaced with a relocated quadrapod support, not only
to provide sufficient latitude to adjust the subreflector, but also to ensure
a reduction of both circular and linear cross—polarized levels. The design
and fabrication of these 1tems, including the subreflector, was provided by

H & W Industries under a Georgia Tech subcontract.

2.3 FABRICATION OF A HUYGENS SOURCE FEED

A Huygens source feed which radiates equal amplitude, TE11 and ’I’Mll
circular waveguide modes (also known as the hybrid or HE11 mode) will
theoretically 1induce no cross-polarization when properly 1illuminating a
reflector antenna. All non-Huygens source feeds, including dipoles, magnetic
dipoles (slots), and crossed dipoles, will produce off-axis cross-polarization
from the reflector. This is true for both linearly and circularly polarized

systems.
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A few antennas will generate the HEll mode. On this project hoth a

corrugated horn and a multitaper or Potter horn were considered. The Potter

horn was chosen on the basis of cost. Because of a lack of design data in the

‘ ,.
AN NS
Lo

i literature, it was decided to construct a scaled feed operating at 9.4 GHz

@

before proceeding with a full sized S-band feed. Five iterations of various

*

tapers and phasing sections were constructed before the final configuration

3

e e, L ,
St .« . PR .
. (SRS TS
‘ AN : St
PR TRCIRCIN

was fabricated. This feed exhibited equal E- and H~plane patterns over a 60-

1
LA ALy

degree angular extent at 9.4 GHz. By symmetry of its circular aperture, it
can be said to constitute a Huygens source within this angular domain. Fig-
ures 1 through 10 show that it is a functional design from 9.2 to 9.5 GHz and

that it is marginally functional at 9.1 GHz.

The dimensions of the successful 9.4 GHz feed were then scaled to 2.735

]
Lo
o,
ek

GHz, the mid-band operating frequency of the radar. Fabrication of the full

size feed proceeded with a different mechanical technology; rather than

machine a full size horn from a large cylinder of aluminium, the various

sections were rolled from thick aluminum stock and machined. This provided a
lighter weight, lower cost structure and allowed for modification. This
latter benefit was fortunate since the initial full size model did not provide
equal E- and H-plane patterns over a reasonable extent, nor did it have a
sufficiently low VSWR (< 1.02:1) for circular polarimetric operation.

An attempt was made to understand equalization of the patterns by
extending the horn's phasing section in three incremental steps of 1/2 inch.
This also had little effect on performance. Finally, after an analysis of the
unit's characteristics, a front phasing section was added which succeeded in
providing equal E- and H-plane patterns at 2.71 GHz. E-plane pattern measure-
ments were recorded from 2.70 to 2.80 GHz for future reference (Figures 11 and
13 through 22). The l-plane pattern at 2.71 GHz is shown in Figure 12, for

comparison with Figure 13.

While initial VSWR measurements were undertaken at this time, final VSWR
measurements were accomplished during installation. Initially the VSWR of the
final feed horn was unacceptably high, An attempt was made to reduce the
reflections by use of an iris, but it was decided to limit the effort in this
area since the significant VSWR specification was applicable only at the
polarizer-horn junction and not between the test equipment-horn junction.
VSWR measurements were performed with various sized irises placed between the
feed horn and rectangular wavegulde to circular waveguide transition. Minimum

VSWR was attained with a 2.60 inch iris.
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During component 1installation on the reflector 1in Sudbury, Mass., the

J feed VSWR measurements were repeated. This was done to re-establish horn

baseline data to: (1) show that no damage occurred in transit from Atlanta

and (2) to complete the data package. The following paragraphs summarize the

entire set of measurements.

D) A.

B.
2
c.
|
. n.
I
E.
F.

The loss of the rectangular to circular transition was measured so
that the actual VSWR at the horn could be determined. The loss was
determined by placing a short circuit at the input and then at the
output of the transition and by measuring the return loss. The
transition was found to have 1.0 dB two-way loss which implies a 0.5
dB one-way loss.

VSWR of the transition was measured. These measurements depended on
the reflection from Atlantic Microwave circular 1load which was
attached to the transition. One cannot separate or 1solate these
reflections from the data. The data may not be useful, but are
presented in Figure 23.

Peak and null measurements were made by using a short circuit on a
slotted 1line and a short circuit on a slotted line plus the
rectangular to circular transition. These data may be utilized with
following measurements to determine the complex value of reflection
coefficient. The data are presented as Table 1.

Horn and transition VSWR measurements were made to not only ensure
that no electrical damage occurred to the feed horn during shipment
but also to acquire complex reflection coefficlient data so a
scientific approach to VSWR reduction could be performed. The data
are presented in Table 2.

VSWR of the polarizer and transition assembly was measured. Only a
few data points were taken with this combination to ensure a
reasonahle conjugate match bhetween the polarizer and horn. The
remainder of the data requires completion of the polarizer. These
data are required before installation so that the best possible match
can be ensured. The available data are presented in Table 3 while
the match with the tuning screws in the optimum position is shown in
Flgure 4. The Smith chart shows the reasonableness of the match
hetween the polarizer and horn. The final match can be improved, but

required the final polarizer configuation.

VSWR measurements of the horn plus the polarizer were made with the
opposite polarizer port terminated (Figure 25). These measurements
estahlished that the horn reasonably matched the 1incomplete
polarizer. The addition of the tuning screws Iimproves the junction
match sufficiently to he hetter than the requircement at 2710 Mhz.

4
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TABLE 1. SLOTTED LINE PEAK AND NULL POSITION DATA

| PO IR I ] s

e

SLOTTED SECTION SLOTTED SECTION & TRANSITION '1
PEAK NULL PEAK NULL '
FREQUENCY POSITION POSITION POSITION POSITION
MHz cm cm cm cm
2670 13.39 8.97 14.66 10.20
2675 13.30 8.90 14.34 9.90
2680 13.37 8.88 13.96 9.55
2685 13.23 8.77 13.69 9.23
2690 13.14 8.75 13.14 8.95
2695 13.04 8.71 12.87 8.62
2700 13.06 8.75 12.63 8.33
2705 13.04 8.66 12.23 8.05
2710 12.97 8.64 12.15 7.69
2715 12.78 8.60 11.90 7.40
2720 12.67 8.58 11.44 7.14
2725 12.77 8.50 11.02 6.83
2730 12.73 8.44 10.90 6.50
2735 12.46 8.44 10.54 6.20
2740 12.53 8.42 10.19 5.88
2745 12.43 8.36 9.96 5.64
2750 12,41 8.35 9.50 5.35
2755 12.32 8.33 9.05 13.30
2760 12.38 8.22 8.89 12.97
2765 12.48 8.30 8.74 12.72
2770 12.14 8.18 8.42 12.43
2775 12.20 8.21 7.90 12.05
2780 12.20 8.19 7.69 11.81
2785 12.20 8.10 7.45 11.45
2790 11.95 8.09 7.10 11.20
2795 11.87 8.00 6.94 10.98
2800 11.83 7.95 6.53 10.49
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SECTION 3
CONCLUSION

The antenna of the AFGL S-band Doppler weather radar has been modified
for dual polarization operations, and its proper operation has been partially
confirmed. Final rocusing and overall VJWR reduction are required before
cross—polarization 1levels can be determined. A reduction of the first
sidelobe levels 1s also required before polarimetric measurements are made.
Possible methods for accomplishing this include modification of the shape of

the subreflector support spars and modification of the 1illumination of the

main reflector by means of microwave absorbing material.
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Both devices were inefficient at reducing antenna VSWR (Figures 28, 29,
and 30). However, since the post reduced VSWR somewhat, it was left on the
subreflector. During the following two weeks, antenna patterns were measured
by AFGL personnel. Very high sidelobe levels were noted which were eventually
determined to be a result of the VSWR reduction post. The post was removed

and replaced by a conical VSWR reduction button of 3-inch diameter.

No further testing was possible in 1983 because of prior commitments of
the radar system. Subsequently, it was also discovered that the feed support
assembly placed the feed one inch closer to the subreflector than required.
This overextension was corrected in August 1984 so that the antenna assembly

can be properly focused.
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Hardware installation was completed during the period from 22 August to

26 August 1983. After the feed horn was 1installed, the subreflector and feed
horn were wmechanically aligned, and 1{initial pattern measurements were
performed. Azimuth sidelobes were measured between 18 dB and 19 dB below the
main lobe peak at 2.710 GHz and between 16 dB and 17 dB at 2.760 GHz.

During the initial pattern measurements, moderate swings in boresight
amplitude were noticed. AFGL believed that the amplitude change was due to
shifting of the transmitting antenna. This antenna is a 10 foot prime focus
reflector wmounted approximately at the 40 foot level of a tower located on
Nobscot Hill, at a range of 4.9 miles. Since the owner of the tower (Raytheon
Co.) donated the space with the provision that any attachment would employ no
welding or drilled holes, a clamping arrangement was devised. Before these
tests, the prevailing wind had sufficiently distorted the mount so that the

antenna was no longer rigidly held.

L MEPEY v Y PO v e emmmmenl . e

Pattern measurements taken by AFGL personnel during the period from 29

August to 12 September indicated that all azimuthal patterns had asymmetrical

. &

first nulls, Upon tnvestigation, a drooping of the feed was discovered when

PRNT ondd SRR

the antenna axis was rotated from the vertical to the horizontal. This droop
was due to insufficient feed support. H & W Industries then fabricated and
assisted in the installation of four feed support spars. ;
On 17 September 1983, VSWR measurements of the antenna were performed. ;
Two methods were attempted to reduce subreflector VSWR: (1) the addition of a E
small conically shaped VSWR reduction button at the center of the subreflector E
and (2) the addition of a post and reactive plate at the same location. The :j
theory of operation of these devices 1is straightforward. The former attempts ;
to reflect toward the side of the antenna those rays which may otherwise E
reflect from the subreflector into the feed horn. The latter introduces an s
out-of-phase component to the electric field to cancel this undesired %
reflected ray. :i
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2.4 POLARIZER ASSEMBLY

A device, known as a polarizer, was required to generate the various
linear and circular polarizations of operation. The unit of choice is a
sloped septum polarizer because this device can directly generate each state
of circular polarization from a single waveguide input, thus minimizing the
number of waveguide junctions in this mode of operation. This is essential,
as the circular polarization scattering matrix measurments require the most
polarization isolation, and as high polarization isolation implies a minimum
VSWR (< 1.02:1) on all polarizer ports. Minimizing the number of waveguide

junctions is necessary to reduce VSWR.

In the less critical linear polarization diversity mode of operation, a
topwall hybrid coupler is added to the circuit (Figures 26 and 27). Here the
VSWR requirements are € l.1:1. However, reconsideration of the differential
reflectivity polarization isolation requirements has indicated that a further

reduction in the VSWR requirement may be applicable [3].

The polarizer assembly including polarizer, switches, topwall coupler,
square waveguide section, square wavegulde to circular waveguide section, and
assorted waveguide pieces was supplied to Atlantic Microwave Corp., of Bolton,

Mass., under a subcontract issued by Georgia Tech.

2.5 INSTALLATION

The final step to the antenna modification was the installation and
testing of the antenna system. While the installation proceeded in an orderly
fashion, the system tests had to be abbreviated due to prior commitments of

the radar.

Georgla Tech began 1installing the antenna hardware on 9 August 1983,

Between 9 August and 18 August the existing feed and tripod support assembly
® were removed and four reflector panels were drilled, pinned, and removed. -
Following this, the quadrapod subreflector mount and feed mount were
iif installed, and the modified reflector was assembled. Throughout this
t_‘ operation, Georgia Tech was assisted by a mechanical techniclian from H & W
'@ Industries and by AFGL personnel.
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TABLE 3. VSWR OF POLARIZER AND TRANSITION
(PORTS TERMINATED WITH MATCHED LOADS)

FREQUENCY PEAK POSITION NULL POSITION
MHz cm cm VSWR

Tuning Screws Out 1 Turn.

2705.00 13.25 8.69 1.096
2710.02 13.27 8.60 1.095
2715.02 12.80 8.22 1.095

Tuning Screws Out 2 Turns.

2700.04 13.03 8.36 1.10
2705.01 13.36 8.36 1.095
2710.00 13.04 8.34 1.10
2715.02 12.80 8.24 1.09

Tuning Screws Out 3 Turns.

2705.00 12.90 8.57 1.10
2710.03 12.90 8.52 1.09
2715.00 12.66 8.25 1.085
o
7




TABLE 2. VSWR OF HORN AND TRANSITION

FREQUENCY PEAK POSITION NULL POSITION
MHz cm cm VSWR

2670.05 12.44 8.23 1.055
2675.00 12.10 7.13 1.070
2680.03 12.04 7.50 1.030
2685.01 10.27 15.43 1.020
2690.08 9.00 12.88 1.012
2695.09 8.03 11.66 1.025
2700.09 6.70 11.53 1.050
2705.07 6.60 11.06 1.080
2710.06 6.24 10.30 1.095
2715.00 5.70 10.00 1.122
2719.98 5.40 9.80 1.138
2725.00 13.60 9,28 1.155
2730.03 13.25 9.02 1.162
2735.06 12.84 8.60 1.173
2740.02 12.65 8.33 1.157
2745.03 12.05 8.00 1.160
2750.02 11.87 7.69 1.148
2755.04 11.40 7.35 1.135
2759.98 11.27 7.38 1.120
2765.02 10.66 6.68 1.100
2770.02 10.30 6.57 1.095
2775.05 10.20 6.10 1.080
2780.02 10.03 5.80 1.077
2785.01 9.65 13.70 1.073
2790.04 8.98 12.80 1.069
2795.08 8.56 12.74 1.082
2800.00 8.10 11.96 1.090
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ANALYSIS OF A POLARIZATION DIVERSITY
METEOROLOGICAL RADAR DESIGN

James S. Ussailis

Engineering Experiment Station
Georgia Institute of Technology
Atlanta, Georgla, USA

1. INTRODUCTION

This work de=scribes an ongoing design and
modification to provide a polarization diversity
addition for the Air Force Geophysics Laboratory

(AFGL) 10 cm coherent weather radar. The
unmodified radar 1s documented in Glover et al.
(1981). Much of the information contained

herein will be of interest as it is applicable
to polarimetric radars in general.

In the fall of 1980, the Radar and
Iostrumentation Laboratory of the Engineering
Experiment Station of the Georgia Institute of
Technology received a contract from AFGL to
perform a design study for this polarization
diversity addition. The constraints of this
effort were to retain, as much as possible, the
present equipment and operating features, such
as the anrcenna reflector, transmitters,
microwave circuitry, and receivers while
supplying a constructable design for the
modification. The modified radar is to be
ultimately capable of coherent operatfon in beth
the circular depolarization ratio (CDR) and
differential reflectivity (ZDR) modes. The
radar is to provide signiiicant new research
information by exceeding the measurement
capability of current systems.

One of the difficulties we encountered at
the outset was the lack of uniformity of
nomenclature between the radar engineering
community and the meteorological community. To
avoid possible misunderstandings, we present
definitions of cross-polarization ratio terms in
Table 1. Fundamental differences exist between
the measurements performed by and the equipment
required for CDR and Zpp radars. Specifications
for measurement of these parameters are given in
Table 2, which includes traditional values as
well as desfign goais for the AFCL radar. Some
of the elements which determine these
specifications, such as polarization 1isolation
of the radio frequency (RF) switch or polarizer,
are slightly beycnd todsy's tcchnology and
require reasonable deveicpment efforts to
attain, while ot“~r elements such as the effect

TABLE 1. DEPINITIONS OF C(ROS5S5- POLARIZATICN RATID TERNS

ey Ine-way lntegrated -ancellaticn recis equal to the tategraCed
crosa-polarived anerzy emitted hy & ciccular polarized sntenna
divtded Dby '@ Inteqreted :s-polartsed ensrqy of the same

antenna. imite ! lctagration are thearecically owsr sr, in
Practics {-regratin. fa he lrd null of the zo-polatised besm
suflt-ee.

tm, To-way fntegrates canceilation ratic Jefined se above for
TrANEMIANION ard e EpLi.n TArouKS 1€ teme salenns.

10!, One—vay integroted cr-ve-polarization rari> as l'l', Sut tor

linesr po.acization .r.v.

IQ!7 Two-wev (1tegrated croed-co.arization Tatio  ae :07, byt tor
linser polarisatina aniy

1y

James 1. Metcalf

Ground Based Remote Sensing Braach
Alr Force Geophysics Laboratory
Hanscom AFB, Massachussetts, USA

of reflector surface errors, polarization
isolation, or radome induced cross-polarization
are at present not understooa and will require a
substantial development effort.

TABLE 2. CDR, Zpg. AND APGL RADAR SPECIFICATIONS

o213 Zpp AFGL
Specitication Trad. Cale. Trad. aic. omposite Gasl
HIZ ~40 4B --- -- - -39 4B -3 4B
Error {n IQR,
Messuremnt - 3 d8 - - 3 ds 3 dB
lalz - - >-20 d8 26 dB -26 48 -30 a8
Power Ratio
Accurtacy O.1 d8 -- 0.l-u.) dp — 0.2 dB 0.1 da
Amplitude
Tracking
Uncertcaloty 1.0 48 < 0.2) dB -~ - 0.2 db ol dB
Recelver Phase
Tracking
Uncertainty < 1.5 -- - - < 1.8 1.0°
Polarizacion
lsclactan >~40 d8 -~ >-20 48 >=26 JB -37 dB -wd d8 P

-26 48 X 4B Lr¥

2. ANTENNA MODIFICATION
2.1 CROSS POLARIZATION OF REFLECTOR ANTENNAS,
A REVIEW OF THE LITERATURE

A study of the literature of linear and
circular cross-polarization of axisymmetric
reflectors was undertaken that chronologically
covered the past forty years. From this effort,
it was initially determined that the cross-
polarization pattern for linearly polarized
antennas has maxima which 1lie in 45° planes
between the principal axis of the antenna.
These maxima consist of a set of pencil-beam
lobes on each arm of these planes, with the
first maxima occurring approximately at the
first null of the co-polarized beam (Silver,
1949). Jones (1954) determined an exact
solution for cross-polarization cha