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1.0

INTRODUCTION

This study is the confinuation of a series. of studies sponsored by the Deparfment
of Communication under Contract No, 1PL36100-5-05%96, Serial No, OPL5-0063
fo investigate the feasibility of including additional UHF frequency bands into -
the antenna system of a hybrid UHF - 4/6 GHz spacecraft antenna system.

According to the specification, a toful of 4 frequency bands must be covered:

a) 275 - 420 MHz
b). 880 ~ 890 MHz
c) 3700 - 4200 MHz
d} 5925 - 6425 MHz

The coverage area for most of the above Frequency bands must correspond to the
large part of Canada, thus represenhng a minimum of 2° x 8% angular coverage.
The desired edge gains in the various frequency bands are:

a) 19dB
b) 25dB
c) 27dB’
d) 27 dB

Since the gain requirements have to be mef,simultaneously and an inferaction
between practically feasible gains exists among various frequency bands, some
priorifies among the frequency bands have to be established. For the purpose of
the present study, these priorities were set in this sequence: ¢, d, a, b. '

The following investigation centers around the basic concept of using a single

deployed 13 Ft, diameter paraboloid reflector for all frequency bands. As a

fall back position, a separate array is used for frequency band b, but even in
this configuration, the array is mounted into the focal plane of the paraboloid.

First of all, it is assumed that there should be very little'sacrifice in the 4/6 GHz .

'gain after the UHF feeds have been incorporated into the same antenna. Hence,

blockage and other scattering effects have fo be minimized to achieve the desired
27 dB edge gain in the 4/6 GHz bands for Canadian coverage, It is also noted
that with the available aperture, an edge gain of 19 dB over the required cover~
age represents a 75% efficient antenna af 275 MHz, Such an efficiency is diffi-~
cult to achieve even under the normal ideal feed conditions. It is therefore clear
that the design of such an anfenna is by no means straightforward,
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The following study is an effort to produce a reasonable design to come close

to the design objectives within given contraints. It does not necessarily repre-
sent the best solution to the problem, bearing in mind that other design approaches
are always available for future considerations,

MECHANICAL RESTRAINS

The present discussion is limited to the case of a 13 Fi, deployable parabolic
reflector, It is deemed best fo have the cenifral part of the reflector made solid

and rigid to achieve low rms surface error, while the outer porfion of the reflector

deploys once on station. This mechanical design approuach has been considered
in a previous reporf( ) The deployable web and rib portion of the reflector has
a higher rms surface error than the central solid portion, Certain minor modifica~
tions of this basic design may have to be introduced to produce a slightly better
rms surface error in certain parts of the outer deployable annulus portion. The
reason behind this modification will become clear when the elecirical design is
being discussed.

One major parameter crmcal fo the mechanical design is the focal lengfh -of the
reflector. A compromise is being sought to produce a focal length amenable to
mechanical as well as to electrical solutions, Here, again the UHF feeds become
the constraints, ; ’

ELECTRICAL CONSiDERATIIONS

Typical f/D ratios for microwave antennas are between 0.25 and 1.0. For the
present case, the focal length can range from 39 inches to 156 inches, For the
4/6 GHz antenna, a 39 inch focal length is just about the optimum since only «a
part of the reflector is being used, However, at UHF frequencies, the feeds will
have to have hemi~spherical radiation patterns. It is possible to design feeds to
approximate such patterns and, physically, these structures are small compared
with the wavelength, Since the focal region is occupied by the 4/6 GHz feed
horns, the UHF feeds will have to be placed around the 4/6 GHz feed horns.

Two design difficulties are now encountered. lgnoring the interfering effects of
the 4/6 GHz feed horns with the UHF feeds, it is observed that at 39 inches away,
the reflector is not quite in the far field of the UHF feed. A quick analysis will
confirm this fact, It can be shown that the induction and the radiation fields are
respectively proportion to ]/12 and 297 f/rc, where r is the distance, ¢ the velo~
city of light and f the frequency. For these two fields to have equal strengths

1/r2 = Q’WLf/rc

or = 6.

(1) Final Report: UHF Communications Payload Implementation Study.
DSS Contract Ref, PL36100-4~2008, RCA, July 1975,




At 275 MHz this distance is about 7 inches. Thus, at the reflector, the induction

field is only" 15 dB down from the radiation field. An exact analysis becomes |
formidable since analysis based on geometric optics does not apply anymore.

The second design difficulty comes from the fact that the 4/6 GHz feed horns
have already occupied the focal region. It is estimated that the size of the

4/6 GHz feed at 39 inches is a rectangular aperture approximately 9.2" x 4.7",
The UHF feed structures will have to be displaced from the focal region to clear
the 4/6 GHz feed horns, Such o displacement results in beam deviation
(minimum about 7, 5°) which in furn means a loss of gain, The remedy for this
situation is to use two UHF feeds on either'side of the 4/6 GHz homs ( an ortho-

. gonal pair will provide the circular polarization needed). This pair of feed

structures forms a broadside array feeding the reflector. It appears that af this
point the problem is under control. However, on closer examination, it is dis~
covered that the array factor has undesirable influence on the primary pattern
thrown on the reflectors. A computer program was written to analyse the primary
pattern with emphasis on the array factor. It is now known that nulls can appear
on the reflector if the spacing of the two UHF feed structures are spaced above a
certain distance, The minimum spacing of the UHF feed structures is dictated by
the size of the 4/6 GHz horns, In this particular aspect, the 880 ~ 890 MHz
band presents a problem, A computer program (GLORL2) was written to calculate
the array factor for a two element array (on the focal plane) taking the space
attenuation factor info account, The output of this program multiplied by the
element pattern gives the distribution on the reflector from which the far field
pattern can then be calculated. A second. computer program (GLOFL2) calcu-
lated the array edge taper versus various focal lengths and its output for three
UHF frequencies of 275 MHz, 420 MHz and 890 MHz are shown respectively

in Figures 1, 2 and 3. From these parameiric curves, the focal length for any
one of the three frequencies can be optimized. The obvious choice is to optimize
the gain for the lowest frequency while maintaining a feasible physical separation
of the array elements for the higher frequencies. It is observed that at 890 MHz,
the 4/6 GHz horns will always be in the way of the array and it is also impossible
to place the 890 MHz elements in front of the 4/6 GHz feeds without inferfering
with the 4/6 GHz horn patterns. The conclusions from such calculations indicated
that two possible feed configurations can be used for the 880 — 890 MHz bands:

a) o third (separate) array structure not utilizing the available reflector, b) «

slot array feed illuminating the reflector,

Looking at Figure 1, the near optimum focal length for 275 MHz is approximately
45 inches, With this focal length, the array factor together with the space
attenuation factor resulis in an edge taper of 8 dB if the spacing is kept around

11 or 12 inches, The final edge faper would be higher than this value since the
element pattermn has to be taken into account. The actual value will depend on the
type of structure used. This brings about the discussion of the UHF feed structures.
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With all the available information so far gathered, it is obvious that three feed
sfructures are necessary, one for the 4/6 GHz bands of which a design is readily
available and two for the UHF frequencies, It has been mentioned that the 880 -
890 MHz band should have its own separate antenna or Feez:l A compact antenna
at such a frequency is a 6 - helix array, Past experiences 2) have shown that a-
boresight gain of about 25 dB is available from such a structure if the helices are
positioned at the corners of squares of sides 1.4 in length. The remaining
structure will have to cover the frequency band of 275 MHz to 420 MHz, For
such a wide bandwidth, the favourable candidate at UHF frequencies is the log
periodic structure, in particular the type proposed by Isbell®), Figure 4 shows
the approximate physical configuration and the type of patterns from this confi~ .
guration for the band of 275 MHz to 420 MHz. . [ can be seen that the E-plane
pattern has an appreciable taper while the H-plane pattern is much broader.

This assymetry in E and H-plane patterns is actually favourable since the log
periodic arrays are stacked in the H-plane and the array factors calculated above
are multiplied by the H~plane pattern to form the H-plane: illumination pattern
on the reflector,

The preferred arrangement would be a combination of four such log periodic arrays
in a turnstile fashion to produce the required circular polarization. The entire
feed reflector arrangement is shown in-Figure 5, A side view sketch of the feeds
and part of the 880 MHz antenna is shown in Figure 6.

Because of the blockage in the focal region, it is necessary to off-set the 4/6 GHz
portion of the reflector to clear the blockage caused by the 6 - helix array and

the 4/6 GHz feed horns (See Figure 5), With the 4/6 GHz portion of the reflector
extending info the deployable section, if is necessary to improve the rms surface
accuracy in that area so that there is a minimum loss of gain in the 4/6 GHz
communication bands. This may require additional ribs in that area to form a more
accurate surface, - '

GAIN & PATTERN ;CALCULATIONS FOR SYSTEM CONFIGURATIONS
USING SEPARATE 885 MHz ARRAY

The preferred focal length for the reflector was chosen to be 45 inches. The gain

‘and the far field pattern are then calculated for several frequencies to check the

design. The feed configuration is as shown in Figure 6. In these computations, the
reflector is assumed to be perfect and that blockage is ignored. With the log
periodic arrays, there is a certain amount of backward radiation (about = 17 dB)

(2) See for example, J.D. Kraus "Helical Beam Antennas for Wide Band Application”
Proc. IRE, Oct. 1948, pp. 1236 - 1242,

(3) "Log Periodic Dipole Arrays", D.E, Isbell, IRE Trans, AP~8, May 1960,
P Y Y
pp. 260 - 267,



not intercepted by the reflector, All these secondary effects are taken care
of in the gain table in a separate calculation. Figures 7, 8, 9, 10, 11 and 12
show the gain and pattern calculation of the frequencies 275 MHz, 420 MHz,
3720 MHz, 3950 MHz, 4200 MHz and 6175 MHz, these calculations have
already included the aperiure efficiency and the spillover loss.

The gain of the 6=helix array has been established by previous RCA
Limited experience, It is known that a single eight~turn helix
produces approximately 17 dB gain and each doubling of helices spaced the

optimum spacing will increase the gain by 3 dB. Based on measured results

(see Figure 13) it can be shown that the boresight gain of a 6~helix array is
24,95 dB. The gain can be further increased by additional helices, only at
the expense of the guin of the lower frequencies. Since the gain at 275 MHz-

“is already below expectations, additional helices with the associated ground

plane can only cause more blockage and scatter. Thus, the 885 MHz anfenna

is also somewhat short of the design goal of 25 dB. It should be mentioned that -
the  ground planes of the top four helices are actually used to reduce the back
radiation of the log periodic turnstile, At the same fime, the six-helix array

is acfually placed independently of the focus of the main reflector to achieve
minimum or zero blockage of the 4/6 GHz. The final location of the 6-helix
array can be chosen such that the 4/6 GHz elliptical reflecting area of the
reflector can be shifted towards the center of the reflecfor to minimize mecha-
nical problems,

In conclusion, there are several important comments regarding this particular
design. Firstly, the N-S dimension of 4/6 GHz elliptical reflecting area can
be reduced and compensated for by an equivalent increase of the E~W dimen-
sion, The loss is insignificant, but the mechanical problem becomes easier.

In the above analyses, the scattering of the energy at 400 MHz due to the

4/6 GHz feed horns has not been analyzed, The increase in the E-W dimension
of the 4/6 GHz reflecting area results in o smaller E~W dimension of the

4/6 GHz feed horns, Qualitatively, this will reduce the scattering problem,
However, it requires further study or even experimentation to defermine the

magnitude of the problem,

From the gain Table 1, it is obvious that there is no sacrifice in the 4/6 GHz
performance. However, the gains are below expectations at 275 MHz and

885 MHz. The margin available in the 420 MHz gain will probably disappear
once scattering is accounted for, In conclusion, the feed design has been

fairly difficult and the gain expectation of 19 dB from 275 MHz to 420 MHz

and also the gain of 25 dB af 880 MHz are somewhat optimistic with this approach.
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' _Table 1.
I Characteristics For Various Frequency Bands
l (885 MHz Band is Covered by Separate Array)
] | 275 MHz | 420 MHz | 885 MHz | 3720 MHz {6175 MHz
l Boresight Gain 19.03 21.93 24, 95 29.85 31.09
| Computed (3°x9°) | (3x9°) | (°x8%) | 2°x8%) |(@2°x8°)
_ Edge Gain E-W 1.18.78 21.2 22.82 28,55 31.12
l Edge Gain N=S 18,98 21.8 22,82 28,55 28.95
Phase Error and
I Surface Error Loss - 0. 60 0.57 N/A 0.40 0.45
I : Blockage - 0. 36 0.41 0.0 0.0 0.0
i Back Radiation 0.17 0.11 N/A N/A N/A
I Thermal and Pointing 0.10 0.12 0.05 0,32 0.35
l N Cable and Feed Loss 0.12 0.15 0.22 0,30 0.35
L Mismatch 0.20 0.20 0.10 0.05 0.05
l - Reflector Loss 0.08 ~ 0.10 N/A 0.18 0.20
l Total Loss 1.63 1.66 0,37 1.25 1.50
After Loss (3°x9°) | (©x9°) | @°x8%) | (2°x8%) |(2°x87)
I Edge Gain E-W 17.15 19.54 22,45 27,30 29,62
I _ ' Edge Gain N-S 17,35 19,60 22.45 27._ 30 27,45




The gain at.275 MHz cannot be increased much further, but the gain af 880 MHz

can be increased at the expense of the gains af the lower frequencies. A varia-
tion of the arrangement discussed in this section is shown in Figure 14, where the

4/6 GHz is fed offset in the E~W direction,

In this case, the outer part of the reflector is contributing less or at the extreme
nothing to the 4/6 GHz band reflector. This greatly reduces the mechanical
design problems associated with the improved accuracy requirements of the

4/6 GHz band part of this reflector section, The mechanical simplification is
achieved at the expense of some frequency dependency in the EW pointing of
the 4/6 GHz band patterns, Although no detailed computer analysis was done
for this case withing the limited scope of this program, RCA Limited's past ex~
perience indicates that the frequency dependent EW squint of the pattern may
amount to about .15, causing an edge gain variation for the given Canadian

- coverage in the order of .5 dB. (Note that the N-S offset described earlier has

only about half of this squint. Furthermore, the squint has no practical effect
on the edge gain for the given Canadian contour since the edge gain limitation
is presented by the E~W plane,) -

A subalternative for the location at the 4/6 GHz aperture is o kéep the N-S

offset configuration, but pull it back further towards the middle of the reflector.

In this case, the compromise is between mechanical complexity of the reflector
design and the blockage caused by the corporate feed. For a compromise location,
when the 4/6 GHz aperture is offset fed by quarter of the N=-S aperture dimension,
the center of the corporate feed is at the =3 dB point of 4/6 GHz aperture distri-
bution, For this case, a 10% geometrical optical blockage will cause approximately
.5 dB reduction of edge gain relative to the figures given for the 3720 MHz column
and approximately .4 dB reduction for the 6175 MHz column in Table 1.

The feed horn configuration for the 4/6 GHz frequency band is assuming a 3 horn

~design. This is a slightly different feed from the one previously investigated 1

but it has slightly better edge gain performance and its central horn can be readily
used for the generation of a C~band spot beam. (More detailed performance
characteristics for this feed configuration are presently being computer analyzed -
by RCA Limited for another program and the results will be available shortly.)

The feed network of this 3 horn configuration for one frequency band consists of
two hybrids and two branchline couplers.
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CHARAC1‘ER!STICS OF A CONFlGURATlON.USlNG THE AVAILABLE
REFLECTOR’AT 885 MHz

This configuration offers a solution to improve the gain at 885 MHz for a small
sacrifice in gain of the 4/6 GHz, Only an approximate analysis will be given
for this case. Figure 15 shows: a) the 4/6 GHz horn array and b) the developed
version of the 4/6 GHz horn array to incorporate a slot radiator 885 MHz feed.

The three stacked horns of the 4/6 GHz array are now moved slightly apart to
allow a slot or folded dipole to be inserted in place. An orthogonal pair is

placed at the top and the bottom of the horns to provide a near circular polari--
zation, If LP is preferred, the orthogonal pair of dipoles is not necessary. The
individual folded or slot dipoles must be cavity backed to provide an almost
hemispherical pattern in the H~plane. The stacking provides the edge taper in

the H-plane, The E~plane paitern is that of a normal N/2 dipole., The unequal
stacking distances of the orthogonal pair of dipoles will result in slightly unequal
E oind H-plane beamwidths which in turn will give rise to a non~perfect axial
ratio. The feasibility of such an arrangement is totally dependent on the perfor~
mance of the cavity backed dipoles, This problem cannot be adequately analyzed
analytically. The best proof of the validity of the design assumptions is by actual
experiments, If such an arrangement is successful, the far field paftern is a nearly
symmetrical pencil beam without shaping, The required 42 x 8° shaped beam is
still not achieved, however, the edge gain atf 8° beamwidth is calculated to be
about 25 dB assuming an overall efficiency factor of 55%. An extension of such
an arrangement fo achieve a partially shaped beam is to incorporate two additional
slot folded dipoles at the edge of the horns in Figure 16.

The power dividing nefwork now becomes a little more complicated and a good
axial ratio of the CP wave is hard to maintain over the entire beamwidth,
However, the E-W edge gain is better with such a feed, for the 885 MHz band.
At the same time, the blockage for the lower frequencies (275 ~ 420 MHz) are
reduced, The gain for these frequencies improves by about 0,25 dB.

The present blockage and weight calculations assume that no antenna coverage is
provided for the 420 ~ 880 MHz band. However, there is no inherent limitation
in the investigated log periodic anfenna structure which excludes the extension
of frequency band into the 420 - 880 MHz region. Such extension increases the
blockage caused by the feed thus a gain reduction in the order of .3 dB occurs

on that account. Furthermore, this part of the feed will be somewhat defocussed,
Assuming that the extended feed covers the 420 = 800 MHz band, the antenna
efficiency will be about .5 dB lower at 800 MHz than at 420 MH=,

" The 4/6 GHz antenna configuration is essentially unchanged relative to the situa-
~ tion described in Section 4. One minor modification is the slight separation among

horns in order to allow the presence of the 885 MHz slot radiators, This has the
effect of slightly widening the E-W beamwidth in the 4/6 GHz band and reducing
the gain at the saddle point in the middle of the coverage.
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6.0 WEIGHT ESTIMATES (For the separate 835 MHz array described in Section 4) *

Table 2 summarizes the estimated weight oF the anfenna components required in
the overall antenna system,

TABLE 2

Summary of Estimated Antenna Weight

1) 4and 6 GHz Subsystem ‘Lbs.
Main reflector 22
Support tower and brackef . 12
Feed horns . 2
Coax cables ‘ 2
Orthocouplers (2 off) 2
- Underdeck waveguide components 6
Thermal hardware - 3
49 Subtotal
2)  UHF Subsystem . / Lbs,

Extendible booms 4
Reflecting mesh 3
Feed system and wiring 4
Support bracket af tower 3
6~helix array 4
Springs, hinges and shock absorbers 3
Pyrotechnics controls and strings - 3

24 Subtotal |

Grand Total 73 Lbs,

* The weight is approximately .5 lbs. less for the conflguruhon
described in Section 5,
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CONCLUSION

1.

It is feasible fo incorporate the desired additional frequency bands
info one single paraboloid anfenna design with some reduction of
efficiency in the UHF frequency bands.

No compromise is necessary in the 4/6 GHz frequency band per-
formance but a part of the reflector has to be constructed more
~accurately which causes some increase of weight and deployment
complexity., Over 27 dB edge gain is feasible for this band.

When the 4/6 GHz band aperture is located closer to the center of
the paraboloid, the edge gain may drop to 26,5 dB,

An edge gain of 17 dB is feasible at 275 MHz,

An edge gain of approximately 25 dB seems to be possible at 885 MHz,
but final verification of this performance requires some experimental
work on an integrated 885 MHz and 4/6 GHz feed. If this approach
fails, an edge gain of 22,5 dB is feasible with a separate 6 helix array
which can be mounted in the focal plane of the paraboloid.

An additional frequency band coverage between 420 MHz and 800 MHz
can also be provided at the expensé of some reduction of the 275 -~ 420 MHz
band edge gain and some increase in the antenna weight,
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