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() Multibeam antenna.

@ A muitibeam antenna capable of communicating
with a plurality of satellites on stationary orbits at the
same time includes a single main reflector, and a
plurality of primary radiators for radiating electro-
magnetic waves toward the main reflector. The main
reflector is constituted by the same number of partial
reflectors as the primary radiators, the partial reflec-
tors being joined to each other. Each of the partial
reflectors is defined by a part of a different one of
paraboloids which are different in the position of
focus from each other. The primary reflectors are
located at the positions of individual focuses. A sub-
reflector is disposed between the main reflector and
the positions of focuses and made up of a plurality
of curved portions and a single flat portion.
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MULTIBEAM ANTENNA

BACKGROUND OF THE INVENTION

The present invention relates to a multibeam
antenna capable of communicating with a plurality
of satellites which are positioned on stationary or-
bits at the same time.

A prior art multibeam antenna is constituted by
a plurality of primary radiators and a single para-
bolic reflector for reflecting an electomagnetic wave
radiating from each primary radiator in a different
direction. The primary radiators are located in the
vicinity of the focus of the parabolic reflector, or
paraboloid, at a suitable distance from each other.
A feeder section and a low-noise amplifier are
associated with each of the primary radiators in
such a manner as to extend along the axis of the
antenna.

In the above-described prior art antenna, the
deviation of the beams radiating from the parabolic
reflector cannot be increased without increasing the
distance between the primary radiators. However,
an increase in the distance between the nearby
primary radiators necessarily results in the shift of
the primary radiators away from the focus of the
parabolic reflector, whereby the wavefront in the
aperture plane of the parabolic reflector is dis-
turbed to lower antenna gain. Another problem with
the prior art antenna is that the feeder section and
ampilifier section directly connected to each of the
primary reflectors increase the length of antenna
axis because they are arranged along the antenna
axis.

For details of such a prior art multibeam an-
tenna, a reference may be made to U.S. Patent
3.852,763 by way of example.

SUMMARY OF THE INVENTION

It is an object of the present invention to pro-
vide a muitibeam antenna having improved antenna
efficiency.

It is another object of the present invention to
provide a muitibeam antenna which eliminates the
distubance to the wavefront in an aperture plane to
thereby allow the deviation of beams radiating to
be increased. )

It is another object of the present invention to
provide a multibeam antenna which allows the
length of an antenna axis reduced.

It is another object of the present invention to
provide a multibeam antenna which supresses the
decrease in the phase performance in an aperture
plane.
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it is another object of the present invention to
provide a multibeam antenna which allows the lat-
eral dimension of a main reflector to be reduced.

It is another object of the present invention to
provide a generally improved multibeam antenna.

A multibeam antenna of the present invention
comprises a main reflector constituted by at least a
first and a second partial reflector, the first partial
reflector being defined by a part of a first para-
boloid which has a first focus and a first axis or
rotation, the second partial reflector being defined
by a part of a second paraboloid which has a
second focus and a second axis of rotation, the
first and second partial reflectors being joined to
each other with the first and second axis oriented
in different directions from each other, a first pri-
mary radiator -adiating an electomagnetic wave to-
ward the ma - .eflector to irradiate the first partial
reflector and a part of the second reflector, and a
second primary radiator for radiating an electro-
magnetic wave toward the main reflector to irra-
diate the second partial reflector and a part of the
first partial reflector.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and ad-
vantages of the present invention will become more
apparent from the following detailed description
taken with the accompanying drawings in which:

Fig. 1 is a shcmeatic view showing a prior
art multibeam antenna;

Figs. 2A and 2B are views showing a first
embodiment of the multibeam antenna in accor-
dance with the present invention;

Figs. 3A and 3B are views showing a second
embodiment of the present invention;

Figs. 4A and 4B are views showing a third
embodiment of the present invention;

Figs. 5A and 5B are views showing a fourth
embodiment of the present invention;

Fig. 6 is a view showing a fifth embodiment
of the present invention;

Fig. 7 is an external view of a subreflector of
the multibeam antenna as shown in Fig. 8; and

Figs. 8 and 9 are schematic diagrams show-
ing how the curved configuration of the subreflector
shown in Fig. 6 is designed.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

To facilitate an understanding of the present
invention, a brief reference will be made to a prior
art muitibeam antenna. shown in Fig. 1. As shown,
an exemplary multibeam anenna 10 includes a
plurality of, three for example, primary radiators 12,
14 and 16, and a single parabolic reflector 18
which reflects each of electromagnetic waves radi-
ated from the primary radiators in a different direc-
tion. The primary radiators 12, 14 and 16 are
located in the vicinity of the focus F of the para-
bolic reflector 18 at a suitable distance from each
other. A feeder section 12a and a low-noise am-
plifier 12b are associated with each of the primary
radiators, as represented by the radiator 12 in the
figure, and so arranged as to extend along the axis
of the antenna.

As previously discussed, a problem with the
prior art antenns 10 is that an increase in the
distance between the primary radiators 12, 14 and
16 causes them to be shifted away from the focus
F, disturbing the wavefront in the aperture plane of
the parabolic reflector 18 and, thereby, lowering
antenna gain. Further, the feeder section and low-
noise amplifier directly connected to each of the
primary radiators extend in the axial direction of the
antenna, increasing the overall length of the an-
tenna axis.

Referring to Figs. 2A and 2B, a multibeam
antenna embodying the present invention is shown
and generally designated by the reference numeral
20. In this particular embodiment, the antenna 20
comprises two-beam antenna which is made up of
a main reflector 22 and two main radiators 24 and
26. The main reflector 22 is constituted by two
partial reflectors 22A and 22B which are defined
by, respectively, a part of a paraboloid A and a part
of a paraboloid. The partial reflectors 22A and 228
are joined to each other along a boundary line 32
such that the axis or rotation 28 of the paraboloid A
and the axis of rotation 30 of the paraboloid B
intersect each other. Each of the axes of rotation
28 and 30 is inclined by an angle of &2 relative to
the center axis 34 of the antenna. The foci Fa and
Fb of the paraboloids A and B, respectively, which
are located on the individual axes are spaced apart
by a distance of 2d from each other.

The primary radiator 24 is positioned at the
focus Fa on the axis 28 while the primary radiator
26 is positioned at the focus Fb on the axis 30. In
this configuration, the primary radiator 26 mainly
irradiates a region 22b of the partial reflector 22A,
and the primary reflector 26 mainly irradiates a
region 22b of the partial reflector 22B. As shown,
the regions 22a and 22b overlap each other as at
22c along the boundary line 22. Specifically, the
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region 22a is constituted by the partial reflector
22A and a part of the partial reflector 22B while the
region 22b is constituted by the partial reflector
22B and a part of the partial reflector 22A. The
surface curve of the region 22a and that of the
region 22b can be approximately equalized to the
paraboloids A and B, respectively, by adequately
selecting the distance 2d between the primary ra-
diators 24 and 26.

in the above arrangement, rays radiating from
the focus Fa are reflected by the region 22a of the
main reflector 22 to become rays which are sub-
stantially parallel to the center axis 28 of the para-
boloid A (radiation direction of beam A). Likewise,
rays radiating from the focus Fb are reflected by
the region 22b of the main reflector 22 to become
rays which are substantially parallel to the center
axis 30 of the paraboloid B (radiation directicn of
beam B). Specifically, electromagnetic waves com-
ing out of the primary radiators 24 and 26 are
radiated in different directions from each other, i.e.,
in the direction of the axis 28 and that of the axis
30.

The construction described above constitutes a
two-beam antenna.

Referring to Figs. 3A and 3B, a second em-
bodiment of the multibeam antenna in accordance
with the present invention is shown. While in the
first embodiment the primary radiators 24 and 26
and their associated partial reflectors 22A and 22B
are located on the same side with respect to the
center axis 34 of the antenna 20, in the second
embodiment the radiators 24 and 26 and their
associated partial reflectors 22A and 22B are lo-
cated at the opposite sides. Specifically, as shown
in Figs. 3A and 3B, the partial reflector 22A asso-
ciated with the primary reflector 24 is constituted
by a part of the paraboloid B while the partial
reflector 22B associated with the primary radiator
26 is constituted by a part of the paraboloid A. The
rest of the second embodiment is identical in con-
struction as the first embodiment.

Referring to Figs. 4A nd 4B, a third embodi-
ment of the multibeam antenna in accordance with
the present invention is shown. As shown, the
multibeam antenna 50 includes a flat reflector 52
which is located between the main reflector 22 and
the two foci Fa and Fb. The primary radiators 24
and 26 are located at, respectively, the invervied
image points fa and fb of the foci Fa and Fb as
defined by the flat reflector 52, the radiators 24 and
26 each facing the flat reflector 52. In this construc-
tion, electromagnetic waves radiating from the pri-
mary radiators 24 and 26 are individually reflected
by the flat reflector 52 and, then, by the main
reflector 22 to be radiated in two different direc-
tions. The flat reflector 52 simply serves to bend
the paths of electomagnetic waves and, therefore,
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the antenna 50 per se shares the same principle of
operation as the antenna 20 of the first embodi-
ment. An advantage attainable with the flat reflector
52 is the reduction of the axial length of the an-
tenna.

Referring to Figs. 5A and 5B, a fourth embodi-
ment of the multibeam antenna in accordance with
the present invention is shown. In the figures, a
multibeam antenna 60 is constructed to function as
a three-beam antenna. As shown, the main reflector
22 includes three partial reflectors 22A, 22B and
22C. The partial reflectors 22A and 22B join each
other along the boundary line 32, and the partial
relectors 22B and 22C join each other along a
boundary line 62. The reflectors 22A, 22B and 22C

are constituted by, respectively, a part of the para- .

boloid A, a part of the paraboloid B, and a part of a
parabolic plane C. The parabolic planes A, B and C
have, respectively, foci Fa, Fb and Fc which are
different from each other and axes of rotation 28,
30 and 64 which are different in direction from
each other. The primary radiators 24 and 26 and a
primary radiator 66 are located at, respectively, the
foci Fa, Fb and Fc of the axes 28, 30 and 64. The
principle of operation of the antenna 60 is the same
as that of the first embodiment and, therefore, will
not be described to avoid redundancy.

The overlapping portion 22¢ of the radiation
regions on the main reflector in any of the first to
fourth embodiments will be described in more de-
tail. As previously stated, the regions 22a and 22b
can be aligned with the paraboloids A and B,
respectively, by adequately selecting the distance
2d between, for example, the primary radiators 24
and 26 of Figs. 3A and 3B. However, the alignment
is only approximate and not precise. Specifically,
that part of the region 22b which lies in the ovelap-
ping portion 22¢ has a surface curve which is
defined by the paraboloid B, and that part of the
region 22a which lies in the overlapping portion 22¢
has a surface curve which is defined by the para-
boloid A. In this condition, since the focus Fa is not
coincident with the focus of the partial reflector 228
(paraboloid B), that part of rays radiating from the
focus Fa which are incident to the partial reflector
22B in the overlapping portion 22¢ become sub-
stantially and not precisely parallel to the center
axis 28 after being reflected by the reflector 22B. it
follows that the optical path which interconnects the
focus Fa, the reflector 22B and a plane which is
perpendicular fo the axis 28 in this order is not
constant in length and has some error, i.e., phase
error.

No doubt, such a phase error does not affect
the usefulness of the first to fourth embodiments at
all because the phase error is not noticeable, be-
cause the curve of the major part of the region 22b
is defined by the paraboloid A, and because the
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curve of the region 22a is defined by the para-
boloid B. Specifically, for such reasons. the de-
crease in the phase efficiency in the aperture plane
which is ascribable to the phase error is lower than
that ascribable to a phase error which wouid be
caused if any of the primary radiators of the prior
art multibeam antenna shown in Fig. 1 were de-
viated from the focus.

In order to allow a minimum of decrease to
occur in the phase efficency in the aperture plane,
it is a prerequisite that the regions 22b and 22a
mainly use the partial reflectors 22A and 22B,
respectively, i.e., the overlapping portion 22c be
reduced. This, however, brings about another
drawback that the lateral dimension of the main

_reflector 22 is increased.

Referring to Fig. 6, a fifth embodiment of the
present invention is shown which solves the above
dilemmatic situation. As shown, a multibeam an-
tenna 70 of Fig. 6 includes the main reflector 22,
two primary radiators 24 and 26, and a single
subreflector 72. The main reflector 22 is constituted
by the partial reflectors 22A and 22B which con-
stitute, respectively, a part of the paraboloid A and
a part of the paraboloid B. The partial reflectors
22A and 22B are joined to each other along the
boundary line 32 such that their center axes 28 and
30 intersect each other.- The subreflector 72 is
located between the focus Fa of the paraboloid A
which is positioned on the axis 28 and the focus Fb
of the paraboloid B which is located on the axis 30.

As shown in Fig. 7, the subreflector 72 is made
up of three portions, i.e., a curved portion 72A
close to the partial reflector 22A, a curved portion
72B close to the partial reflector 228, and a flat
intermediate portion 72C which interconnect the
two curved portions 72A and 72B. The surface
curves of the curved portions 72A and B are in-
dividually determined as will be describe later.

The primary reflectors 24 and 26 are located
at, respectively, inverted image points Fa and Fb
which are symmetrical to the foci Fa and Fb with
respect to the subreflector 72, each radiating an
electromagnetic wave toward the subreflector 72.

How the curves of the subreflector 72 are de-
termined will be explained with reference to Figs. 8
and 9. In Fig. 8, assuming that the subreflector 72
is absent, those of the numerous rays radiating
from the focus Fa which are incident to the partial

" reflector (paraboloid A) 22A are reflected by the

paraboloid A without exception to become rays
which are parallel to the center axis 28; the dis-
tances measured from the focus Fa to a plane
which is perpendicular to the axis 28 by way of the
paraboloid A are equal to each other. It follows that
if that portion of subreflector 72 which is associated
with the paraboloid A, i.e., the intermediate portion
72¢ is flat, those of the rays radiating from the
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point F'a which are incident to the intermediate
portion 72C are reflected by the portion 72C and,
then, by the paraboloid A to be thereby turned into
rays which are parallel to the axis 28.

On the other hand, when the subreflector 72 is
absent, among rays radiating from the focus Fa,
those which are incident to the partial reflector
(paraloloid B) 22B are reflected by the paraboloid
B to become generally parallel to the axis 28.
However, the distances measured from the focus
Fa to the plane which is parallel to the axis 28 by
way of the paraboloid B are not the same as each
other and involve some error. In light of this, that
part (curved portion 72A) of the subreflector 72
which is associated with the paraboloid is provided
with a predetermined curve which is slightly de-
viated from a plane. In this condition, the lengths of
the optical paths along which rays are radiated
from Fa, then reflected by the curved portion 72A,
and then incident to the plane which is perpendicu-
lar to the axis 28 become equal to each other. This
reduces the decrease in efficiency due to phase
errors which are ascribable to the paraboloid B.

Fig. 9 is a view similar to Fig. 8, showing rays
which are radiating from the other point F'b toward
the axis 30. Details of Fig. 9 will be understood by
analogy from Fig. 8.

The gist is that the surface curves of the
curved portions 72A and 72B of the subreflector 72
are so selected as to compensate for or reduce the
phase error in the event when electromagnetic
waves reflected by the curved portions are radiated
by their associated partial reflectors.

It will be seen from the above that the size of
the curved portion 72A and that of the curved
portion 72B are dependent upon the sizes and
focuses of their associated partial reftectors and the
location of the subreflector 72. While the intermedi-
ate portion 72¢ is shown as being sized substan-
tially the same size as the curved portions 72A and
72B, its size is variable depending upon, for exam-
ple. the difference in focal length between the two
paraboloids. By comparing Figs. 8 and 9, it will be
understood that that area of the subreflector 72 to
which the rays radiating from the point F'a and
those radiating from the point F'b are incident is
included in the intermediate portion 72C. This,
coupled with the fact that the intermediate portion
72C is flat, allows the intermediate portion 72C to
be shared by those two different groups of rays
without entrailing any phase error. In this manner,
the subreflector 24 is capable of simultaneously
compensating for phase errors which occur on the
main reflector 22 with respect to the two different
directions of radiations. Consequently, since that
part of an electromagnetic wave radiating from the
primary radiator 24 which is incident to the partial
reflector 22B is compensated for in phase error,
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the limitation that, for example, the wave from the
radiator 24 should mainly use the partial reflector
22A is eliminated. Hence, as shown in Figs. 8 and
9, the same region of the main reflector 22 can be
shared by two different beams, promoting the de-
crease in the lateral dimension of the main reflector
22.

While the present invention has been shown
and described in relation to a two-beam and a
three-beam antenna, it will be apparent that it is
similarly applicable to an antenna of the type using
four or more beams.

Further, although the foregoing description has
concentrated on a situation wherein a plurality of
focuses and the axes of rotation of a plurality of
paraboloids are positioned in the same plane, such
is only illustrative and may be replaced with a
situation wherein, for example, the axes 28 and 30
of the paraboloids A and B, respectively, are in a
distorted relationship. Specifically, the axes 28 and
30 may each be extended in any desired direction
other than the same plane.

It is not necessary that angles between the
individual axes of rotation and the associated pri-
mary reflectors be equal to each other.

In addition, the focal lengths of the paraboloids
may not be equal to each other, and the contour of
the main reflector is open to choice.

In summary, it will be seen that the present
invention provides a highly efficient multibeam an-
tenna despite that nearby ones of a plurality of
radiation regions which are defined on a single
main reflector overlap each other. This is because
the curve of each radiation region is provided with
substantially the same paraboloid as the surface
curve of a radiation region which is defined on a
single main reflector and, hence, each of the radi-
ation regions can be regarded as a parabolic re-
flector which is independent of the others. Another
advantage attainable with the present invention is
that the length of antenna axis can be reduced by
transmitting electromagnetic radiations from a plu-
rality of primary radiators indirectly to a main re-
flector by way of a single flat reflector.

Further, in accordance with the present inven-
tion, a subreflector capable of compensating for
phase errors particular to the radiation of elec-
tromagnetic waves by a main reflector is inter-
posed between the main reflector and primary ra-
diators, whereby the decrease in the phase effi-
ciency in the aperture plane is suppressed. Since
phase errors are compensated for by the subreflec-
tor as stated, it is not necessary to accurately
match the primary reflectors with partial reflectors
which constitute the main reflector and, therefore,
the lateral dimension of the main reflector can be
reduced.
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Claims

1. A multibeam antenna comprising:

a main reflector constituted by af least a first and a
second partial reflector, said first partial reflector
being defined by a part of a first paraboloid which
has a first focus and a first axis of rotation, said
second partial reflector being defined by a part of a
second paraboloid which has a second focus and a
second axis of rotation, said first and second partial
reflectors being joined to each other with said first
and second axes oriented in different directions
from each other;

a first primary radiator radiating an electromagnetic
wave foward said main reflector to irradiate said
first partial reflector and a part of said second
reflector; and

a second primary radiator for radiating an elec-
tromagnetic wave toward said main reflector to
irradiate said second partial reflector and a part of
said first partial reflector.

2. A multibeam antenna as claimed in claim 1,
wherein said first and second focuses are different
in position from each other.

3. A multibeam antenna as claimed in claim 1
or 2, wherein said first and second primary reflec-
tors are located at said first focus and said said
second focus, respectively.

4, A multibean antenna as claimed in any of
claims 1 to 3,wherein said first primary radiator and
said first partial reflector are located on one side
with respect to a center axis of said antenna, and
said second primary radiator and said second par-
tial reflector are located on the other side with
respect to said center axis.

5. A multibeam antenna as claimed in any of
claims 1 to 3, wherein said first primary radiator
and said second partial reflector are located on one
side with respect to a center axis of said antenna,
and said second primary radiator and said first
partial reflector are located on the other side with
respect to said center axis.

6. A multibeam antenna as claimed in any of
claims 1 to 5, further comprising a subreflector
located between said main reflector and said first
and second focuses.

7. A multibsam antenna as claimed in claim 6,
wherein said first and second primary radiators are
located at, respectively, a first and a second in-
verted image point which are symmetrical to, re-
spectively, said first and second focuses with re-
spect to said subreflector, said first and second
primary reflectors each radiating an eleciromag-
netic wave indirectly toward said main reflector
through said subreflector.

8. A multibeam antenna as claimed in claim 7,
wherein said subreflector comprises a flat reflector.
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9. A multibeam antenna as claimed in claim 7
or 8, wherein said subreflector comprises a first
curved portion located on the same side as said
first partial reflector which is located on one side
with respect to a center axis of said antenna, a
second curved portion located on the same side as
said second partial reflector which is located on the
other side with respect to said center axis, and an
intermediate portion interconnecting said first and
second curved portions.

10. A multibeam antenna as claimed in claim 9,
wherein said intermediate portion has a flat surface.

11. A multibeam antenna as claimed in claim
10, wherein said first and second curved portions
have surface curves each being so selected as to
compensate for a phase error which occurs when
an electromagnetic wave reflected by said first or
second curved portion is radiated via said first or
second partial reflector.
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FIG. 3B
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