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Dual frequency coaxial rotary joint with

multi-stepped transition

SOUMYABRATA CHAKRABARTY, VIJAY KUMAR SINGH AND SHASHI BHUSAN SHARMA

The present paper presents the design and development of a dual-channel microwave rotary joint using coaxial waveguide as
primary waveguide and rectangular waveguide as the secondary waveguide. Design is presented at 5.85-7.02 GHz with 20%
bandwidth and at 14-14.5 GHz bands with 3.6% bandwidth using dual channel mode transducers exciting transverse elec-
tromagnetic (TEM) mode in the coaxial waveguide. Rectangular to coaxial waveguide transitions employing multi-stepped
doorknob transitions are used to excite the TEM mode from the rectangular waveguide. The measured results for electrical
parameters such as return loss, insertion loss of the dual-channel rotary joint are presented with 360° rotation of the rotary

part with respect to the stator part.
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. INTRODUCTION

Microwave rotary joints are used in scanning type of antennas
for uninterrupted transmission of microwave energy from the
fixed part to the revolving part of the antenna. In practical
applications, it is required that the RF rotary joint should
incorporate different channels with specified isolation
between the channels. Design and development of rotary
joints have been reported in the literature [1-14]. Single
channel rotary joint presented in [1] consists of two septum
polarizers that are connected in series. This rotary joint was
designed to provide worst-case insertion loss of 0.8 dB,
return loss of —15 dB, and the isolation of —17 dB in the fre-
quency range 35-41 GHz. This paper does not elaborate the
transition and matching sections used to realize the hardware.
A rotary joint operating at 35.0 GHz is presented in [2]. This
consists of two identical TE,, mode converters, clasping each
other by a bearing. The measured transmission was 97% with
a 3 dB bandwidth of 8.5 GHz. The rotary joint operated up to
a peak input power of 210 W with a duty of 18%. The rotary
joint presented in [2] is a single channel rotary joint and this
paper does not include any design details. The authors in [3]
describe a U-style single channel waveguide rotary joint con-
taining a rectangular waveguide TE,, mode to circular wave-
guide TM,, mode converter. This consists of a right-angle
E-plane junction between two waveguides. For this rotary
joint good return loss and insertions loss performance was
obtained over wide bandwidth. In [4], single channel rotary
joint is described in which ridged waveguide sections have
been used for phase adjustment. In [5], full wave analysis of
non-contacting rotary joint choke section is presented. In
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order to allow rotation of the rotating part with respect to
the stationary part, suitable choke joints are required in the
central section of the rotary joint. Although these choke
joints provide a mechanical gap between rotor and stator
parts, they also provide electrical short to the signal so that
it is not leaked from the gap. In the work of McNamara and
Hildbrand [5], different types of possible waveguide modes
suitable for rotary joints are described with expression for
internal surface currents for different modes. A simple exper-
imental procedure to match and tune the microwave transdu-
cer exciting TM,, mode in circular waveguide from a
rectangular waveguide through a doorknob transducer has
been presented in [6]. A dual-channel rotary joint for high
average power operation is described by Woodward [7],
where a new type of dual-channel rotary joint combining
the TM,, mode and the circularly polarized TE,, modes in
circular waveguide has been developed for an X-band
antenna employed in a satellite communication link. In [7],
low loss and a decoupling of 35-40 dB were achieved
between two channels. A multi-channel waveguide rotary
joint is described by Boronski [8], where the joint consists
of three E-plane waveguide rings of equal diameter,
mounted coaxially with the narrow walls in contact, the
middle ring being cut along its electrically neutral axis to
allow rotation. A broad-band coaxial-to ridged waveguide
transition is presented in [9]. A high-power single channel
waveguide rotary joint is described by Smith and Mongold
[10], where 1:16 waveguide power divider is used to generate
TE,, mode in the circular waveguide. The rotary joints based
on coaxial waveguides are presented in [11]. However, this
paper [11] does not elaborate much about the design details.
Tomiyasu [12] built an annular rotating joint that permits
multiple stacking to provide a number of channels with the
help of directional couplers and E-plane joints. This dual
channel rotary joint based on the excitation of circularly sym-
metric TM,, and TE,, modes in a circular waveguide is
described in [13]. In [14], single and dual channels rotary
joints using circular as well as coaxial waveguide are described.
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Fig. 1. (a) Schematic of dual frequency rotary joint with doorknob transition, choke region, and bearing region. (b)Rectangular to coaxial waveguide doorknob

transitions with design dimensions.

All the papers as described above do not elaborate any design ~ channel waveguide/coaxial rotary joint is very much limited.
details of the matching sections or mode transducers. Thus it is worthwhile to present the design and realization
Moreover, literature elaborating the design details of dual of a dual channel coaxial waveguide rotary joint.

Door-knob transition at C-band Door-knob transition at Ku-band

Rotation

Concentric Coaxial
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Ku-bands
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Fig. 2. Solid model (HFSS) of the dual channel coaxial rotary joint.
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Fig. 3. Measured return loss C-band channel.

In the present paper, the design of dual channel coaxial
rotary joint is presented which gives optimum return loss,
insertion loss, and isolation between channels. In addition, it
offers minimum variation of the electrical parameters with
360° rotation. The main challenge of a multi-channel or
multi-frequency band rotary joints is to control and select
dimensions in such a way that the waveguide sections at all
the frequency bands do not couple or support higher-order
modes. In the present design, dimensions of waveguides and
transitions have been chosen to control maximum power in
the desired transverse electromagnetic (TEM) mode of
coaxial waveguide and minimum power in higher-order
modes. Ansoft HESS has been used for the simulation and
modeling of the coaxial rotary joint. The measured results
are presented for return loss, insertion loss, isolation
between channels, variation of return, and insertion loss
with 360° rotation. Simulated results for return loss are also
presented along with the measured results.

. DESIGN

The design goals for this rotary joint are to achieve 17 dB
return loss, 0.5 dB insertion loss, 30 dB isolation between
channels with 360° rotation for two channels at 5.85-
7.02 GHz (20% bandwidth) and at 14-14.5 GHz (3.6% band-
width), respectively. The rotary joint should offer negligible
variation of electrical parameters with 360° rotations and it
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Fig. 4. Measured insertion loss of C-band channel.
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Fig. 5. Measured return loss of Ku-band channel.

should handle 400 W of power with sufficient margin.
WR-75 and WR-159 rectangular waveguide have been used
at input and output ports for the channels at Ku- and
C-bands, respectively. Multi-stepped doorknob transitions
have been used to convert TE,, mode of the rectangular wave-
guide into the coaxial TEM mode of the coaxial waveguide as
shown in Fig. 1(a). Two concentric coaxial waveguides are
used to support the two channels. The outer conductor of
coaxial waveguide at Ku-band is taken as the inner conductor
of the coaxial waveguide at C-band. The diameters of the inner
and outer conductors of the coaxial waveguide at Ku-band
have been taken as 4.0 and 7.6 mm (i.e. characteristic impe-
dance 38.2 )°), respectively. The diameters of the inner and
outer conductors of the coaxial waveguide at C-band have
been taken as 10.8 and 15.2 mm (i.e. characteristic impedance
20.3 {)°) near the doorknob transition and then these diam-
eters have been increased to 16.2 and 23.8 mm near central
region, using tapered section of small flare angle. This
flaring section has been provided to increase the dimensions
to have more thickness in the conductors to incorporate rea-
lizable choke dimensions. The dimensions of the inner and
outer conductors of coaxial waveguides have been selected
such that higher-order modes of the coaxial waveguide are
not supported in the desired bands of operation. For the
chosen dimensions of coaxial waveguide radii, the cut-off fre-
quency (from cut-off wavelength A, = 7 (a 4 b); where a and
b are inner and outer radii of coaxial line) for the next higher-
order TE,, mode is 7.3 GHz at C-band and 16.46 GHz at
Ku-band, respectively. Rectangular to coaxial waveguide
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Fig. 6. Measured insertion loss of Ku-band channel.
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Fig. 7. Measured isolation at Ku-band between channel-1 and channel-2.

== = 180 Degree
===== 270 Degree

U -
ok
B —— 0 Degree
E - - - 90 Degree
20

-30

Isolation (dB)

-40

[T T
: ]
: 7
)
)
)
(1
F rl

Lisselassalsasaalasalasinbissabusabinsulasaalesaslas
B 58 B0 B1 62 B3 B4 B5 BE B7 BE B9 70
Frequency (GHz)

=

Fig. 8. Measured isolation at C-band between channel-1 and channel-2.

mode transducers have been designed using stepped door-
knob transitions (see Figs 1(a) and 1(b)). The transition in
the form of steps provides more degrees of freedom for match-
ing two waveguides than a smooth transition. These tran-
sitions match rectangular waveguides having characteristic
impedances of 361.3 and 347.93 )° with coaxial waveguides
having characteristic impedances of 20.3 and 38.2 {)° at C-
and Ku- bands, respectively. The doorknob transitions with
design dimensions are shown in Fig. 1(b). Two rectangular
to coaxial waveguide mode transducers are connected back
to back to make the dual channel rotary joint as shown in

Fig. 2. Rounded rectangular waveguide shorts at C-band and
perfect shorts at Ku-band have been used at a quarter wave-
guide distance from the doorknob transition to couple effi-
ciently the input signals from rectangular waveguide ports
to coaxial waveguides. Teflon spacers have been used to
support and align the central and outer conductors of the
coaxial section. The complete geometry of rotary joint (see
Fig. 2) has been modeled on HESS to compute return loss, iso-
lation, and insertion loss of the modeled device.

In order to allow rotation of the rotating part with respect
to stationary part, suitable choke joints have been designed in
the central region as shown in Fig. 1(a). The choke joints on
all the four inner and outer conductors of the coaxial section
have been realized with half wavelength shorted section at
each frequency band, which provides an electrical short
across the mechanical gap between the stationary and rotat-
ing parts of the joint. In other words, the choke joints provide
electrical short to the propagating wave between inner and
outer conductors of the coaxial waveguide to avoid RF
leakage from the gap. Total length of the rotary joint is
225 mm and maximum width is 110 mm including
waveguide bends and bearing section. The weight of the
rotary joint is around 1kg and was developed for earth
station antennas.

A solid model (HFSS) of the dual channel rectangular to
coaxial waveguide rotary joint is shown in Fig. 2. This figure
shows the model from HFSS which consists of back to back
rectangular waveguide to coaxial waveguide mode transducers
with multi-stepped doorknob transitions at C- and Ku-bands.
The simulated isolation is better than 45 dB between
channel-1 and channel-2 and return loss is better than
17 dB for both the channels over the desired frequency
bands. The simulated insertion loss is less than o.1 dB for
both the bands.

. MEASURED AND SIMULATED
RESULTS

The electrical parameters of the rotary joint should be invar-
iant with 360° rotation. The measured return loss for the
channel at C-band is shown in Fig. 3.

The measured insertion loss for the channel at C-band is
shown in Fig. 4. The measured return loss and insertion loss
for the channel at Ku-band are shown in Figs 5 and 6,

Bearing housing

Stationary part

Ku-band inout C-band input

Fig. 9. Photograph of the dual channel coaxial rotary joint.
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Fig. 10. Photograph of the different parts of the dual channel coaxial rotary
joint.

respectively. The simulated results on HFSS are also shown
along with the measured results. It was observed from the
simulation that the transmitted power variation in the two
channels was within 0.05 dB and the return loss variation
was within 1 dB with rotation. Measured isolation for both
the bands is shown in Figs 7 and 8 respectively. The measured
results have been taken with respect to 360° rotation of the
rotary joint for both the channels. The rotary joint has been
designed to handle 400 W of power. The gaps between
inner and outer conductors are selected to handle this speci-
fied power with sufficient margin. Computations have been
made to find out the margins for breakdown for the selected
gaps. From the computed gap voltage and the breakdown
voltage, it has been found that the power handling margin is
more than 7 dB.

The photograph of the developed hardware of the dual
channel rotary joint with different views is shown in Fig. 9.
The photograph of the different parts of the developed dual
channel coaxial rotary is shown in Fig. 10.

V. CONCLUSION

A dual channel rotary joint was presented using rectangular
waveguide TE,, mode to coaxial waveguide TEM mode
transducer using multi-stepped doorknob transition. The
measured insertion loss of the order of 0.7 dB was obtained
at Ku- and C-bands. Satisfactory performance for return
loss was obtained foe both the channels. The measured iso-
lation better than 25 dB was achieved between the two
channels for both the frequency bands. It has been com-
puted that the rotary joint can handle the specified power
of 400 W with the margin better than 7 dB. Small variation
of measured return loss, insertion loss, and isolation par-
ameters with 360° rotation indicates that the purity of

https://doi.org/10.1017/51759078710000127 Published online by Cambridge University Press

TEM mode in the coaxial waveguide has been achieved.
Slightly more variation in measured performance with
rotation as compared to simulated performance may be
attributed to fabrication, alignment, and assembly errors as
the device was assembled from many parts. The measured
performance was satisfactorily closed to the simulated
performance.
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