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Abstract: This paper investigates the impact of strut geometry, location and number of struts on gain
and radiation pattern of parabolic reflector antenna at Ku band. The analysis has been carried out
using GRASP software and is valid for perfectly conducting circular struts. The choice of optimal
focal length was decided before carrying out any analysis. Judicious choice for position and radius
of struts can lead to good Side Lobe Level (SLL) and gain. The choice of inside single strut leads
to SLL of 29.5 dB below the peak with gain reduction of 0.07 dB (Gain & SLL of reflector without
struts is 37.77 dB & 31 dB), while outside four struts resulted in SLL of 20.5 dB below the peak
with gain reduction of 2 dB. Struts are required to support antenna feed or sub-reflector and have a
serious impact on antenna radiation pattern if the geometry and placement are not optimally selected.
The analysis suggests that outside single strut can be used for antenna operating in conditions not
requiring high mechanical strength e.g. static platform with radom without significant effect on gain
and 1.5 dB rise in SLL, while inside four struts geometry is suitable for harsh environment (high wind
velocity/pressure) like that on aerodynamic mobile platform application where high mechanical strength
is essential due to severe loading and vibration but noticeable loss in gain (2 dB) and significant rise
in SLL (10.5 dB) occurs.
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INTRODUCTION

Struts are the part of many reflector antennas and are used to support feed in the centre feed reflector
antenna or  for supporting sub-reflector in dual reflector configuration.  Struts are usually made up of metal
and are connected between feed and reflector rim or on the surface of the reflector. Struts thus cause blockage
and scattering, which in turn result in deviation in the mathematical properties of parabolic reflector antenna
and deterioration in the far field radiation pattern of the antenna (efficiency and cross-polarization is degraded
and the sidelobe level is degraded). Judicious choice of strut parameters (no. of struts, radius of struts and
location of the struts on the reflector), thus play vital role in designing of good reflector antenna from radiation
as well as structural  stability’s point of view. The analysis has been carried out for 0.6 m centre feed
parabolic reflector antenna with focal length of 0.3 m at Ku band using GRASP (General Reflector Antenna
Software Package), with PO/PTD (Physical Optics Theory) chosen for analysis. The analysis has been
performed for various geometries of struts structure and for different radii of the struts.

Strut Scattering Mechanism:
The three most important mechanisms by which the strut scattering influences the antenna radiation are

described below and shown in Figure 1.1:
1. Illumination of the struts by the reflected field from the main reflector.
2. Shadowing and changes of the main reflector currents caused by direct feed illumination of the struts.
3. Reflection in the main reflector of the scattered field from the struts, where the incident field on the strut
comes from the main reflector.

The degradation of the peak gain (efficiency) is mainly due to the effects (1) and (2) of which (2) is only
important in a system where the struts are not supported by the outer edge of the main reflector as in Figure
1.1:

The side-lobes will mainly be affected by the strut scattering (1') and (3) where (3) is only important in
a configuration as shown in Figure 1.2. Although these scattering effects are illustrated for a single reflector
system they will also be the dominant effects in a dual reflector system where the feed is replaced by the sub-
reflector. [1]
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Fig. 1.1: Strut scattering of type 1 and 2

Fig. 1.2: Strut scattering of type 3

Strut Calculation Steps:
Below are the steps respectively in which struts calculations are carried out in GRASP software:

Flow Chart 1.1

Strut Scattering:
Scattering and blockage of the radiation field can be easily seen in blow picture, which has been simulated

in GRASP for symmetrical arrangement (1200 separated) of three strut on the rim of the reflector for 00 -450

in theta with 10 rays.
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Fig. 1.3: Blockage and Scattering from Struts

Radiation Pattern Analysis:
The nominal radiation pattern (radiation pattern for the reflector without struts) depicts a gain of 37.77

dBi and a Side Lobe Level (SLL) of 31.02 dBi as shown in the graph below.

Fig. 1.4: Nominal Radiation Pattern

The analysis has been carried out for circular struts for two different radii (0.535 cm, quarter wave length
and 1.07 cm, half wave length). The analysis has been carried out for single strut and three struts with two
different locations (on rim and on surface of  the reflector at half of the radius), results of which are given
as under:

Table 1.1: Comparing Single Strut Scattering Effects
Comparing Single Strut Scattering Effects

Geometry Nominal Inside Single Strut (0.535) InSingleStrut1.07 OutSingleStrut0.535 OutSingleStrut1.07
Gain (dB) 37.77 37.71 37.53 37.70 37.58
SLL Below Peak (dB) 31.02 29.46 26.78 28.70 25.98

Table 1.2: Comparing Three Struts Scattering Effects
Comparing Three Struts Scattering Effects

Geometry Nominal In3Struts0.535 In3Struts1.07 Out3Struts0.535 Out3Struts1.07
Gain (dB) 37.77 37.14 36.36 37.36 36.87
SLL Below Peak (dB) 31.02 21.14 17.86 25.61 19.07
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Table 1.3: Comparing Four Struts Scattering Effects
Comparing Four Struts Scattering Effects

Geometry Nominal In4Struts0.535 In4Struts1.07 Out4Struts0.535 Out4Struts1.07
Gain (dB) 37.77 36.94 35.76 37.20 36.45
SLL Below Peak (dB) 31.02 24.14 18.46 24.95 22.70

Fig. 1.5: Comparing Single Strut Scattering Effects

Fig. 1.6: Comparing Three Strut Scattering Effects

Conclusion:
It can be concluded on the basis of the above analysis that increasing the thickness of the struts results

in over all increase in the side lobe level with the reduction in peak gain. It can also be concluded that inside
arrangement of the struts result in more blockage of the radiated field than the struts on the rim of the reflector
for the same struts of same radius.
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Fig. 1.7: Comparing Four Struts Scattering Effects

Future Work:
The analysis has been carried out for struts, made of metal (perfectly conducting) and for circular struts.

The analysis should be carried out for polygonal struts, with dielectric as the material of the struts. 
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