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1 Introduction

Antennas with a diameter larger than
100m,
method, have been discussed for microwave

which needs a new construction

power transmission in spacel'l. An array
antenua with circular element apertures
of about 10m in diameter was formerly
reported by the authors?. This type of
array antenna suffers grating lobes caused
by the periodicity of the element aperture
allocation, and has difficulty in mechani-
cal steering of the main beam. This paper
presents the numerical analisis of an ar-
ray antenna of 100m in diameter whose
element is a regular hexagonal aperture?!
with a diameter of approximately 10m.
The study to steer the main beam by phas-
ing will be also described.

2 Structure of the pro-
posed antenna

The structure of the antenna composed
of 61 regular hexagonal apertures is shown
in Fig.1. The element apertures are iden-
tical and placed on the vertices of the

regular triangles inside the outer cirele in
the way that the sides of the hexagons
are parallel to each other. In the follow-
ing analysis, the radius of the outer circle
is fixed to be 30m. and the frequency is
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Figure 1: Structure of the antenna with

hexagonal apertures (1st quadrant)

3 Expression of the far
field

The far field diffraction pattern of an
aperture anteuna is given by
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where 4 : the aperture avea. F : the field

over the aperture, and & : propagation

constant. The gain function is
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where A is the wavelength of the beam.

(2)

For an array antenna whose element aper-
tures are identical, the terms dependent
on the allocation of element apertures can
be extracted from the function Up. There-
fore, Up is expressed by the product of the
single antenna pattern and the remaining
term as follows:

UP,mlal = f (0 é) UP,(I(")("I (3)

where f(8.d) is the function called array
factor which depends on the arrangement
of the element antennas, and Up gemcnr 18
the diffraction pattern of a single element

antenna.
The diffraction pattern of a hexagonal
aperture is given by
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where k, = ksinf cos ¢,and k, = ksinf sin ¢.

The array factor f (8, ) for this antenna
is given by
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where [ = (50 — «a;)/4,
and the gain function is
A7 (£ (8.0) Upicsagonat)”
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4 Numerical analysis

The diffraction pattern of the anteuna
with the in-phased elements is shown in
Fig.2. The element size a; is 5.56m. The
 [d8i)
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Figure 2: Radiation pattern (ay = 5.56n)

main beam, the highest level. is at the
center. Some of the nulls form two hexagous
in this angle range, the vertices of which
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lie at 0.9deg. and 1.6deg. from the cen-
ter. respectively. Comparatively higher
points lie in lines from the center to the
middle points of the sides or the vertices
of the hexagons.

The two thick curves in Fig.3 show the
diffraction pattern in X-direction and Y-
direction. The antenna gain is 63dBi. In
the X-scan the grating lobes are seen in
the vicinity of 0.6deg. and 1.2deg.. which
will be called GL X1 and X2, respectively,
in the later sentences. The first grating
lobe in the Y-scan, which will be called
GL Y. is seen at 0.7deg..
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Figure 3: Radiation pattern (a;=5.56m)

The directive gain of the main beam,
the 1st sidelobes. and the grating lobes
change according to «¢;. Figure 4 shows
the results: (1)The main beam level in-
creases in accordance with a;. (2)Wheun
a; <€ 5.6m, GL Y is greater than the
1st sidelobe. (3)One of the zeros of the
single antenna pattern causes the mini-
mum value of GL X2 in the vicinity of
(;=3.9m. (4)The difference in the ele-

ment apertures arrangement in X-direction

and Y-direction causes the different grat-
ing lobes.
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Figure 4: Directive gain vs. side length
of a hexagonal clement aperture

In the case of an array antenna with
circular element apertures. the directive
gain of those lobes is shown in Fig.5l!.
Note that “a;” of the cirenlar element
is the radius of the element. Therefore,
wlhen the elements are allocated without
any gap hetween them, n; in Fig.5 takes
the value of 5.36m while «; of the hiexag-
onal element,in Fig.4, is 6.42m. The side
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Figure 5: Directive gain vs. radius of a
circular element aperture
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lobes of the antenna with hexagonal aper-
tures decreases more drastically with a
larger element size than those of the an-
tenna with circular apertures.

5 Beam steering by phas-

ing
If the element apertures are fed with
phase difference between adjacent ones,
the beam may be steered. The thin curve
in Fig.3 shows the pattern of the antenna,
when the adjacent apertures have a phase
difference of 90deg. in Y-direction. The
main beam is shifted by approximately
0.2deg. from that of in-phase feeding. Fig-
ure 6 shows the direction of the main beam
versus the phase difference between the
two adjacent element apertures. The di-
rection of the main beam changes linearly
from Odeg. to 0.35deg.. by 180deg. phase

difference.
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Figure 6: Angle of the main beam vs.
phase difference

The directive gain of the steered an-
tenna versus the phase difference is shown
in Fig.7. Because the gain of the ele-
ment aperture gets lower as the diffrac-
tion angle increases. the total gain of the
shifted main beam decreases according to

the phase difference or the steering angle.
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Figure 7: Directive gain vs. phase differ-
ence

6 Conclusion

The aperture array antenna of tle fixed
radius of 50m with hexagonal element aper-
tures is proposed and analysed. The grat-
ing lobes can be made smaller than the
first sidelobes when the side length of the
elenient aperture is larger than 5.6m, which
neans 1.3m space between the elements.
By phasing the main beam direction can
he changed by 0.1deq. with the penalty of
the gain decrease of 0.2dB.
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