Design of a radial waveguide feed network for a
pin-fed array antenna
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Abstract: An efﬁcient design procedure for a radial waveguide feed network for an array antenna,
whose radiating elements are pin-fed, is presented. A model of the feed network is considered and
relevant design parameters are expressed by simple analytic terms. To facilitate the design of the
feed, a useful coupling chart for a pin-loaded radial waveguide is suggested. It shows graphically
the dependence of the coupling coefﬁcients between the radially outward-travelling wave and the
feeding pins on the length of their protrusion inside the waveguide. To render the model more
realistic, the mutual coupling occurring between the pins within the waveguide is not neglected.
Instead, it is taken into account by use of the known expressions for the mutual resistance and
reactance between two equal-length and side-by-side parallel monopoles. Results are veriﬁed by
experimental data available in the literature.

1

Introduction

Over the last years, several types of the radial-waveguide-fed
(radial-line-fed) circular array antennas (RWAAs) with
different radiating elements have been suggested. Antennas
of this kind are attractive for modern terrestrial and satellite
communication systems due to their low proﬁle, low cost
and high efﬁciency. A RWAA with slot radiating elements
was ﬁrst suggested in 1961 by Goebels and Kelly [1]. Since
then, various types of RWAAs have been considered, with
either slot radiators or pin-fed radiating elements both in
resonant (short circuit termination) and in nonresonant
(matched-load termination) RWAAs.
The ﬁrst RWAA with pin-fed radiating elements
(RWPFAA) was proposed by Kraus in 1964 and studied
thereafter by Carver [2]. In this RWPFAA, the pin-fed
radiating elements were long helices. In the beginning of the
1990 s, similar RWPFAAs , but with low-proﬁle helical and
curl radiating elements, were suggested by Nakano et al.
[3, 4]. At about that time, Haneishi and Saito described a
new RWPFAA with microstrip-radiating elements [5]. More
recent designs of RWPFAAs with special radiating
characteristics that have been suggested can be found in
[6–9]. Reference [6] also presents an analytic expression for
the coupling between the input feeding probe of the radial
waveguide and a feeding pin of a radiating element.
However, the inﬂuence of the neighbouring pins on the
coupling is neglected. In [10], the inﬂuence of neighbouring
pins on the coupling is taken into account. However, only
the adjacent pins belonging to the same circle are
considered. An analytic method to determine the pin
lengths, which takes into account the mutual coupling
between all the adjacent pins, is presented in [11, 12]. In
these two latter papers the optimal pin length distribution is
r IEE, 2006
IEE Proceedings online no. 20050066
doi:10.1049/ip-map:20050066
Paper ﬁrst received 30th March and in revised form 10th August 2005
The authors are with the Department of Electrical Engineering, TechnionF
Israel Institute of Technology, Haifa 32000, Israel
E-mail: leviatan@ee.technion.ac.il

38

derived based on the amplitude distribution needed to meet
the given antenna radiation pattern speciﬁcations. In [11],
the theory is applied with a view to achieve a uniform
aperture distribution, while the case of a tapered aperture
distribution is treated in [12].
In the present paper, we build upon the method presented
in [11, 12] and develop a detailed design procedure for
a circular nonresonant RWPFAA feed network. A parametric coupling chart for the pin-loaded radial waveguide
is used to render the design procedure more simple and
effective.
2

RWPFAA feed network design parameters

The generalised nonresonant RWPFAA model suggested
in [12] is shown schematically in Fig. 1. It consists of an airﬁlled waveguide radial waveguide feed network, a coaxial
feed line connected to its centre and an array of pin-fed
radiating elements. The array is made up of N identical
elements arranged in M concentric circles. The pin
arrangement within the radial waveguide is assumed to be
nonresonant. This implies that the radiating elements are
weakly coupled to the waveguide and, assuming further that
the waveguide is terminated by a matched circular load, it
follows that the wave propagating inside the waveguide is a
radially outward-travelling wave. For broadside radiation,
the radiating elements, and hence the pins, can be arranged
in a hexagonal lattice in which case the number of pins is
Ni ¼ 6i, 1  i  M [5].
The antenna speciﬁcations, namely, the operating
frequency f, aperture diameter Da and desired radiation
pattern characteristics, such as gain and sidelobe level,
dictate the required ﬁeld distribution in the aperture plane
of the antenna. This aperture distribution, in turn,
determines the required excitation coefﬁcient ai of the array
elements in each of the circles. To attain the required
excitation coefﬁcients parameters, the following parameters
of the RWPFAA feed network must be determined. The
parameters are the number of circles M, the radial
waveguide interior diameter Dw and interior height Sw,
the radial spacing in the array Srad, the pin length li for each
ith circle and the pin wire radius a. It should be remarked
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