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{571 ABSTRACT

A microwave antenna having a parabolic reflector with

{gﬂ :ins(gl ................................. 343/8411{061343/98/3 a confocal parabolic radome. The coincident foci of
(58] Fieid ofSearch """""""""" 343/840 87g 873 the reflector and radome cause reflections from the lat-
s DR e ’ 34:3/91’5 ter to be incident upon the reflector in the same direc-
tion as the energy directly incident thereon from the
. feed. The antenna is integrally formed in nestable seg-
(561 References Cited ments each comprising portions of the reflector, the ra-
UNITED STATES PATENTS dome and any interconnecting shroud.
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1
MICROWAVE ANTENNA WITH RADOME

BRIEF SUMMARY OF THE INVENTION

This invention relates generally to microwave anten-
nas, and more particularly to antennas having radomes.
For protection of the parabolic electrically conductive
inner surface of the reflector against damage including
icing and other weather effects, it is customary to pro-
vide an electrically nonconductive radome of curved
shape to form an enclosure with the reflector. Radomes
in common use are frequently of conical shape with

.rounded noses. Antennas having radomes are con-
structed with or without shrouds, which are usually of
cylindrical shape and having electrically conductive
inner surfaces. A shroud is useful to prevent stray re-
flections and leakage of energy at the annular rim of
the reflector, including diffraction effects and “cross-
talk” between closely adjacent antennas having sub-
stantially the same directions of transmission.

Reflector-type antennas in common use frequently
have a focal length which is approximately four-tenths
of the diameter measured at the annular peripheral rim
of the reflector. The aperture size ‘of the antenna,
which in the case of a paraboloidal reflector corre-
sponds to its diameter, determines the radiating area of
the antenna which in turn determines its gain. With
large antennas equipped with radomes, difficulties arise
from problems of fabrication and shipping because of
the large volume of the assembled enclosure and the
necessity to provide structural rigidity and integrity
both in transit and in use.

Difficulties are also commonly encountered as a re-
sult of the fact that the radome is only imperfectly
transparent to incident microwave energy, and in prac-
tice it may reflect as much as 20 percent of such en-
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ergy. This results in' a reduction in transmission effi-

ciency. Moreover, the reflections from the radomes
commonly employed have destructive interference
with the signal in a manner which is a function of both
the geometry or shape of the randome and the fre-
quency of the signal. Therefore, as a practical matter,
the design of the antenna and radome is complicated
and the end use is restricted by reason of this destruc-
tive interference. In other words, while the reflector it-
self is an inherently broadband or frequency-
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independent device, its combination with the usual ra- -

dome results in making it more frequency-dependent.

The improved antenna embodying this invention is
characterized by a predetermined. structural relation-
ship between the inner reflector and radome surfaces.
In the preferred embodiment the reflector and radome
are both parabolic in shape with coincident foci, the
feed being located to radiate energy from the common
focal position.

As a means of fixing the reflector and radome ‘sur-
faces in accurate spacial relationship, these parts pref-
erably comprise portions of an integrally formed, seg-
mental structure, whereby-the segmental portions are
nestable for space conservation in shipping and the an-
tenna is assembled at the site of installation by joining
the segments to form a complete enclosure.

An antenna according to this invention may be con-
structed with or without a shroud, depending upon end
use considerations. If a shroud is employed, each inte-
gral antenna segment includes a shroud portion inter-
connecting corresponding reflector and randome por-
tions.
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2
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a back elevation of an antenna embodying
the invention.

FIG. 2 is a side elevation in section taken on line 2—2
of FIG. 1.

FIG. 3 is an elevation showing a number of antenna
segments nested for storage and shipment.

FIG. 4 is a schematic diagram corresponding to the
embodiment of FIGS. 1 and 2, for illustrating the spa-
cial relationship of the several parts.

FIG. 5 is a schematic diagram similar to FIG. 4 and

-illustrating .an alternative embodiment without a

shroud.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, a preferred embodiment
of the invention employing a shroud between a dish-
shaped reflector and randome is shown generally at 12.
The assembly comprises a number, of substantially -
identical segments 14, 16, 18 and 20, each of which is
an integrally formed rigid structure.

According to one form of fabrication each segment
is formed by a thermosetting resin saturated fiberglas
fabric draped over a rigid form and heated to set the
resin, thereby forming a rigid structure. The resin may
be of the polyester type or the epoxy type, or it may
consist of any other material that is substantially trans-
parent to microwave radiation. Alternatively, the struc-
ture may be vacuum formed or formed by other tech-
niques familiar to those in the art.

" Referring to FIG. 2, the detailed structure of the seg-
ment. 20 is described in furthe detail, the other seg-
ments being substantially identical thereto. As shown,
the segment 20 is a quarter segment but it will be obvi-
ous that the angle which it subtends may be greater or
less than 90°. The total of all of the angles subtended
by the segments equals 360° in the embodiment shown,
although it will be evident from this description that the
teachings of this invention are fully applicable to anten-
nas utilizing reflectors that are only fragmental or par-
tial paraboloids of revolution.

The segment 20 includes a reflector portion 22, a
shroud portion 24 and a radome portion 26, the por- .
tions 22 and 26 having parabolic shaped interior sur-
faces 28 and 30, respectively. The foci of the surfaces
28 and 30 are coincident at a point P. The shroud por-
tion 24 is preferably of generally cylindrical shape hav-
ing a diameter equal to or slightly greater than that of
the reflector and radome portions at the respective cir-
cular lines of intersection therewith. An integral flange
32 extends around the segment along the lines abutting
contiguous segments, and holes 34 are formed in the
flange for receiving bolts 36 or other equivalent fasten-
ers. Suitable brackets 38 or other hardware for mount-
ing the antenna may be bolted or otherwise secured to °
the flanges of the segments or to other convenient parts
of the assembly.

A microwave antenna feed, desngnated generally at
40, is mounted in position to direct energy against the
parabolic surface 28 of the reflector from the point P.
To this end, any known type of feed, microwave emit-
ter or radiator may be employed and positioned so that
the apparent point source of radiation is coincident
with the point P. In the illustrated embodiment a micro-
wave conductor 42 is led in through a flanged sleeve 44
and terminates in a horn 46. A support 48 is preferably
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attached to the conductor 42 and secured to a sleeve
50 similar in configuration to the sleeve 44. If desired,
other alternative forms of feed may be employed and
may be supported at positions other than those defined
by the axial sleeves 44 and 50.

The surface 28 of the reflector is made electrically
conductive by any one of a number of known tech-
niques such as metallic spraying or securing thereto a
screen, metallic foil or sheet metal. Similarly, an inte-
rior surface 52 of the shroud portion 24 is made electri-
cally conductive, the conducting surfaces 28 and 52
being electrically continuous and electrically intercon-
nected along the circular line 54 defined by the periph-
eral rim of the reflector portion 22. The surface 52 is
preferably undulating so as to cause diffusion of stray
reflections impinging thereon. In the illustrated em-
bodiment the shroud portion 24 is fabricated over a
corrugated form, but other alternative types of nobby
surfaces may be substituted, if desired. Therefore, as
used herein the word ‘‘undulating” is intended to in-
clude any irregular, corrugated, nobby or otherwise
shaped or deformed surface having an equivalent prop-
erty. The corrugated shape has the further advantage
of imparting mechanical stiffness to the structure,
thereby permitting it to be formed of lighter materials
without loss of dimensional integrity. In any case, there
is no gap at the peripheral edge of the reflector portion
22 and shroud 24 where energy might leak and cause
diffraction or back radiation.

As shown in FIG. 3, the segments 14, 16, 18 and 20
may be conveniently nested, thereby materially reduc-
ing the volume of the components for purpose of stor-
age and shipment. It is also apparent that, since the re-
flector, shroud and radome portions of each segment
are formed as parts of an integral structure under fac-
tory conditions, it is assured that the foci of the reflec-
tor and radome portions are precisely coincident.

The foregoing structural features and advantages
readily permit the construction of large antennas hav-
ing high gain and performance. This can be attributed
to the novel segmental construction which affords
structural strength, dimensional integrity and precision,
and provision for reducing the shipping volume of the
antenna.

Further features of the above-described antenna aris-
ing from from the confocal geometry may be under-
stood by reference to the schematic diagram of FIG. 4,
wherein the parabolic reflector surface 28 is shown as
having a focal length f, and the parabolic radome sur-
face 30 is shown as having a focal length f,. The overall
diameter has the value D, and the axial length of the
shroud surface 52 is L. The point P lies at the intersec-
tion of the common axis 58 of the two parabolic sur-
faces and a common focal plane 60 normal to this axis.

Typically, the value of D is determined preliminarily
according to the gain required of the antenna. The
value f; is also given and it is usually in the vicinity of
four-tenths of the value D, although the invention is in
no way limited to this precise relationship. With given
values of D and f;, it will be apparent that the depth d,
of the reflector surface 28 is defined by the parabolic
equation

(D[2)? = 4f,d,.
m

20

30

35

40

45

50

55

60

65

4

The length L of the shroud may then be determined
by the expression

L=f, + H-d,,
(2)

where the value H is arbitrarily assigned on the basis of
tests and is sufficient in magnitude to prevent apprecia-
ble stray radiation by the feed from leaking around the
shroud. ‘

The focal length f; and the depth d, of the radome are
then readily calculated, as follows. Since

(D?]2) = 4fxd,
3)

and d, = f,—H, the following quadratic equation may be
derived:

f2* — Hf, — (D*/16) = 0,
4

for which the quadratic formula provides the solution

2
w2

fa= 5

(5)

Once the value f, is determined the value 4, is readily
found from equation (3). '

In some applications a shroud is not required, in
which case the structure defined with reference to
FIGS. 1 to 3 may be simplified as illustrated in the sche-
matic diagram of FIG. 5. In this figure, since

dytdy=fo+fo
‘ (6)

and since equations (1) and (3) above also hold for this
figure, it may be shown that

d, = f; and f, = d,.
(@3]

By reason of the foregoing relationships, it will be ap-
parent that any energy from the focus P that is reflected
from the parabolic surface 28 will impinge on the sur-
face 30 in a direction parallel to the axis 58 and that
any energy reflected from the latter surface will be di-
rected through the focus P, and that this energy will
again impinge upon the surface 28 for a second reflec-
tion from the latter in the same direction as the first re-
flection. In fact, this relationship holds for any number
of reflections and for any frequency of transmission.

Further, it may be shown that the total path length
from the focus P to the reflector surface 28, thence to
the radome surface 30 and back to the point P, is given
by the expression

S=2(i + 1),
(8)
and therefore reflection from all portions of the ra-
dome surface return to the point P in phase with each

other and with the original signal. This results from a
fundamental property of a parabola, namely, that the
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path length of a beam from the focus to any point on
the curve and thence by reflection to. the focal plane,
is always equal totwice the focal length. This property
maintains the coherency of the signal regardless of fre-
quency, and radome-equipped antennas will have this
property only if configured and spatially related in ac-
cordance with the foregoing equations and diagrams.

Also, in considering these equations and diagrams, it
will be recognized that, although they are described
above with reference to paraboloids of revolution, the
.confocal relationships can be realized in alternative
practical configurations, for example parabolic cylin-

- ders. Thus the reflector may be illuminated by a feed .

radiating from a lirie ot other locus rather than from a
point, and the reflector and radome may have para-
bolic cross sections which are uniform along all sec-
tions transverse to such radiating line or locus, and
FIGS. 4 and 5 are illustrative of such cross sections. For
this reason the word ‘““‘parabolic” as used herein refers

only to a cross sectional configuration of the parts and’

20

does not necessarily imply any limitations in the dimen- °

sion normal to such cross section.

I claim: -

1. A microwave antenna having, in combination,

a reflector having a parabolic inner electrxcally con-
ductive surface,

a microwave feed inl position to radiate energy to and
from the focus of said electrically conductive sur-
face, ‘

and a radome having a parabohc inner electrlcally
nonconductive surface connected with the reflec-
tor in a position with its focus coincident with that
of said electrically conductive surface.

2. An antenna according to claim 1, in which the re-

flector and radome are dish shaped and connected by
means of their peripheral rims.
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3. An antenna according to claim- 2, including a

shroud spacing and interconnecting the reflector and
radome at their peripheral rims.
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4. An antenna according to claim 2, in which said co-
incident foci are spaced from the plane defined by the
rim of the reflector and on the side of said plane oppo-
site to the reflector.

5. An antenna according to claim 2, in which said co-
incident foci are located in the plane defined by the rim
of the reflector.

6. An antenna according to claim 3 in which said co-
incident foci are spaced from the plane defined by the
rim of the reflector and on the side or said plane oppo-
site to the reflector.

7. A microwave antenna having, in combination,

a plurality of segments, each segment including a
fragmental parabolic reflector portion and a frag-
mental radome portion, said portions of each seg-
ment being integrally formed, said segments having
provision for interconnection at thelr perlphery to
form an enclosure.

8. An'antenna according to claim 7, in which the ra-

dome portion is of fragmental parabolic shape.

9. An antenna according to claim 8, in which the foci
of the reflector and radome portions are coincident.

10. An antenna according to claim 7, in which each
segment includes a fragmental shroud portion inte-
grally formed with and interconnecting the reflector
and radome portions.

11. An antenna according to claim 10, which is elec-
trically continuous at the line of intersection between
the shroud and the parabolic periphery of the reflector
portion.

12. An antenna accordmg to claim 11, in which the
surfaces of the reflector and shroud portions have elec-
trically conducting surfaces. _

13. An antenna according to claim 10, in which the
shroud portion has-an undulating surface.

14, An antenna-according to claim 9, including a feed
supported . for radiation reclprocally in relation. to a

pomt located at said coincident foci. -
* * * * *



