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DESIGN OF AIRBORNE S-BAND TELEMETRY ANTENNAS

H. D. WEINSCHEL
Physical Science Laboratory
New Mexico State University

Summary    The change from VHF to UHF for telemetry requires new antenna designs
rather than the scaling of the antennas now used for the UHF frequencies. The reason for
this is that the vehicle dimensions at UHF, in particular the rocket diameters, will be of
the order of several wavelengths.

A common method to obtain a nearly omnidirectional radiation pattern at VHF is to
mount two or four element antenna arrays on the vehicle. This is sufficient since the
wavelength for the presently used telemetry frequencies is approximately 50 inches and
the array spacing rarely exceeds a half wavelength. The radiation pattern from such
closely spaced unit radiators exhibits only minor scalloping which does not present a
problem in the data acquisition. At the UHF frequencies, the array spacing, in
wavelength, is increased by a factor of ten resulting in an interference pattern with
narrow lobes and deep nulls.

If the mechanical design limitations permit it, it is possible to design unit radiators which
will give cardioid or nearly omnidirectional patterns for a single polarization component.
Two such antennas are described. They are the axially mounted turnstile and the radial
waveguide antennas.

Axially Mounted Turnstile Antenna    The design problem is to obtain a cardioid
shaped antenna pattern for the right circularly polarized radiation component for a 1.72
wavelength (8) diameter rocket. The pattern is to be N - symmetric, i.e. symmetric about
the vehicle axis, and the scalloping should not exceed 7 db.

Various arrays mounted on the vehicle surface gave unsatisfactory results. Six element
arrays with an element spacing of 0.98 produced interference nulls. Arrays with more
elements and an array spacing of approximately 0.58 would have resulted in smooth
patterns but would not have given the desired pattern shape. If the array is fed in phase,
the pattern will have nulls along the vehicle axis due to phase cancellation, as can be
seen from symmetry considerations. If the array is fed in quadrature for a right circularly
polarized wave in the aft (2 = 180E) direction, the array will tend to present a large
aperture in that direction and the pattern will consist of a narrow beam and will not have



the required signal in the plane normal to the vehicle axis (2 = 90E plane) which would
be obtained with cardioid shaped pattern. The possibility of using unit radiators which
are highly directive in the 2 = 90E plane was not explored in detail. It is still under
consideration, but at this time the use of twelve or sixteen element arrays and
correspondingly larger ones for larger diameter vehicles and their associate complex
phasing harnesses is very unattractive.

The cardioid shaped radiation pattern is easily obtainable with vehicle mounted
antennas, i.e. mounted on a cylindrical surface, if the vehicle diameter is approximately
one-half wavelength. Essentially one chooses a unit radiator that produces field
components parallel and normal to the vehicle axis and phases the antennas in
quadrature. Thus the problem is reduced to finding an antenna that will produce a
rotating E vector inclined to the vehicle axis and with the phase center along the vehicle
axis.

The first model for obtaining this field configuration consisted of a four element array of
quadraloop antennas. A section of the vehicle wall was removed and replaced by an R. F.
transparent fiberglass cylinder. The ends of the section were closed off with metallic
plates. An aluminum tube, approximately one-half wavelength in diameter, was placed in
the section so that its axis coincided with the axis of the cylinder and with ends of the
tube shorted to the metallic plates. The quadraloop antennas were mounted
circurnferentially on the tube in 90 degree intervals and fed in quadrature.

The optimum plate separation was obtained experimentally by measuring the radiation
patterns for various spacings. At the correct spacing a very nearly cardioid pattern was
obtained.

One problem occurred during the measurements that caused some frustration. Only one
two-foot long section of fiberglass tubing was available and since the required length
was unknown we were hesitant about cutting it into smaller sections. It was simply left to
overlap the metallic vehicle cylinder. As a result the early patterns showed a main beam
in the aft direction with little signal in the 2 = 90E plane. During one of the pattern
measurements, Mr. Lanphere thought of covering the excess fiberglass with aluminum
foil which resulted in rather drastic and pleasing changes in the pattern.

Once the design approach had been experimentally confirmed, the remaining task
consisted-mainly of the mechanical integration of the antenna with the vehicle and of
finding a somewhat less clumsy method of generating the desired field. A turnstile
antenna with its elements inclined in a 45E angle with respect to its axis was a natural
choice. The antenna was mounted on the forward plate and tuned to radiate in right
circular sense in the aft direction of the vehicle. The fiberglass radome was considered to



have insufficient strength to support the bending moments associated with the vehicle.
The additional support was obtained by constructing a squirrel cage type stainless steel
structure. Its effEct on the radiation pattern was minimized by choosing a strut spacing
of approximately onehalf wavelength and a strut diameter of 0.1 wavelength. The strut
length which is equal to length of the cavity is 1.3 wavelength. The flanges required to
mate to the vehicle add approximately an additional six inches to the length of the cage.

The impedance and pattern bandwidth of the antenna is 0.1 GHz which covers the
telemetry band at S-band.

The antennas were used on three vehicles and performed satisfactorily on all three
flights.

A photograph of the squirrel cage structure with the turnstile antenna encapsuled in FPH
foam is shown in Figure 1. A representative power contour graph for the right circular
polarization component is shown on Figure 2. The coordinates are such that the nose of
the vehicle is at 2 = 0E.

More recently this antenna configuration has also been tested on a fifteen inch diameter
cylinder. The dimensions of the squirrel cage, except for the diameter, are identical. The
number of support rods were increased to keep the spacing between them to
approximately one-half wavelength. The main effect of the larger vehicle diameter and
therefore greater diameter of the end-plates in the cavity is that the pattern changes from
cardioid to hemispherical.

The two objectionable features of the antenna are the length of vehicle extension
required and the weight of the squirrel cage structure and the fiberglass radome. In the
following paragraphs a radial waveguide antenna design will be discussed which,
depending on the trajectory of the vehicle, may be preferable to the turnstile antenna.

Radial Waveguide Antenna    The radial waveguide antenna design is still in the
development stage. However, enough data has been obtained from prototype models to
design a flight model. The intended use of the antenna is for telemetry from rockets at S-
band. The desired radiation pattern is to be nearly omnidirectional for one polarization
component since the ground system will not have polarization diversity.

The antenna consists of two parallel, circular., 15 inch diameter plates shunt fed at the
center. The plate separation is 0.5 inches. The cylindrical rocket body extending to either
side of the antenna modifies the radiation pattern significantly and has to be considered
as a part of it. It is, therefore, possible to regard the antenna as several wavelengths thick
and long dipole. The cylindrical sections are fastened together by 16 each, 3/8 inch



diameter steel rods. The rods are electrically shorted to the plates. The antenna
impedance match is obtained by a dielectric,circular disk that is placed between the
waveguide plates concentric with the feed.

The pattern is linearly polarized with all of the power in the E2 component. A sketch of
mockup configuration and its position in the coordinate system is shown in Figure 3. The
power contour graph of the radiation pattern is shown in Figure 4. As can be seen on the
graph, the gain with respect to isotropic varies from -4 db to +4 db over almost the entire
sphere except within 2 degrees of 2 = 0E and 2 = 180E where the nulls occur.

All pattern measurements were performed on the 100 ft. long model range. Item four (4)
in Figure 3 indicates that no specific standing wave tests were made. However, the
mirror images of the patterns indicated that the standing wave was probably within ± 1.5
db. The antenna gain was obtained by comparing the test antenna:-to a standard gain
horn, SGH 1.7, which has a gain of ± 16 db with respect to isotropic. The gain level for
the recording was set so that the number 10 in the graph corresponds to isotropic and
decreases for increasing number values.

The main advantages of waveguide over the cage antenna are that the required length
and weight of the vehicle extension is reduced, and that for a given polarization the
pattern coverage is more complete especially for vehicles with 15 inch or greater
diameters. A major disadvantage is that the nulls occur in the fore and aft direction of the
vehicle. This excludes the antenna from use on flights for which only one ground station
is available, and the flight trajectory is such that the aspect angle is near 2 = 180E.

In the flight configuration the steel rods supporting the waveguide will be replaced by
thin walled tubing to serve as electrical conduits, and the waveguide will be supported
by a fiberglass cylinder which will replace the metal hull of the rocket.

Variations of the design are still being tested in an attempt to reduce the nulls along the
vehicle axis.
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FIGURE 1 - ENCAPSULATED TURNSTILE ANTENNA WITH
CAGE BUT WITHOUT RADOME



FIGURE 2 - POWER CONTOUR GRAPH FOR THE RIG HT CIRCULAR POLARIZATION
COMPONENT OF THE TURNSTILE ANTENNA.



FIG. 3 - COORDINATES FOR THE RADIAL WAVEGUIDE ANTENNA
PATTERN MEASUREMENTS.





FIGURE 5 - FOUR ELEMENT QUADRALOOP ARRAY

FIGURE 6 - TURNSTILE ANTENNA BEFORE ENCAPSULATING
IN FPH FOAM



FIGURE 7- IMPEDANCE VERSUS FREQUENCY CHART FOR THE
MODEL 34.004 TURNSTILE ANTENNA



FIGURE 8 - VEHICLE MOUNTED ON THE 80 FOOT HIGH TOWER
FOR PATTERN MEASUREMENTS



FIGURE 9- ANTENNA PATTERN




