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Abstract:

The popular electronic systems like Satellite transponders, Radars, jammers, trackers, communication
systems, etc., were designed with phased array antennas in their transmitter and or receiver sections, to provide
electronically steered beams through passive and active beam steering techniques. In this paper, the performance
of eight elements linear array of sectoral horns, is studied, simulated and results are presented. The design of the
array with eight sectoral horn elements is carried out with changes in the parameters and configurations to
obtain the improvements in the specifications. The comparison of the simulation results are presented in this
paper.

Indexed Terms: Band Width Ratio (BWR), Impedance, Jammer, Matching Networks, Rotman Lens & Ultra
Wide Band (UWB)
1. Introduction:

The present Electronic Counter Measures (E.C.M) systems are configured with high power transmitters
consisting of Digital Radio Frequency Memory (D.R.F.M), high power microwave amplifiers and highly
directive and electronically steerable antenna [1-2]. The active V.S.W.R of the array is very critical parameter
in these applications and depends on V.S.W.R of each element in the array. The scientists and engineers have
suggested different techniques to improve V.SW.R of pyramidal horns, such as dielectric loading, stub
matching, etc., [3 — 5]. But these techniques reduce the gain to some extent and hence results in low E.R.P. In
this paper, the design and simulation of various configurations of Rotman lens fed 2-6 GHz linear array of H-
plane sectoral horns is presented with improved performance for V.S.W.R, gain, side lobe levels, etc.,.
Comparison of these different techniques is presented in the paper.

2. Design Equations:
2.1 Design Equation: The geometry of H-plane sectoral horn antenna is shown at “Fig. 1”7 [3 - 4] along with
design parameters.

Figure 1: Geometry of H-plane sectoral horn
Where, IH _ Slant length of the horn, RO = Straight length of the horn, A = Aperture, apy =Flare angle,

Ry =Flare length and @ =Waveguide height

2.2 Field Equations: The derivations of E and H field equations of H-plane sectoral horn are given in [6]. These
equations are extracted and shown at Equ. (1) and Equ. (2) for ready reference.

_(L+cos@ )| sin(0.5pb.sind.sing)
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Where
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2.3 Directivity: The directivity of H-plane sectoral horn antennas is calculated using following procedure [6 -7,
9].
Step-1: Calculation of X using the formula

®3)

Step-2: Using the value of X , we have calculated Gy from “Fig. 27, since X > 2. For X <2, we need to
calculate G using Equ. (4).
32

Gy ==X (4)
T

O T T S T S S S R SO T S A S|
4 6 8 10 2 14 16 18 20

Figure 2: Gy as a function of X

Step-3: Now we have calculated Dyy and gain using the following equations

(5a)
Gain in dB = 10log(D,, ) (5b)
2.4 Array Gain: The array gain with N elements is given [5, 14] by
Garray = Gelement +1010g(N) (6)
2.5 V.S.\W.R: The V.S.W.R of the waveguide fed horn element is given [7] by
yozoe@z) ; Ry 1Ry 0]
Z(z;) = Zpe ) Zj o R In(ZO)

Where © Zj ’ the impedance of each section of the horn and ‘n’ is the total number of sections of the horn.

3. Design Calculations & Simulations:
3.1 Specifications of Array: The specifications of linear array of H-plane sectoral horns with 8 elements are
tabulated at Table-1.

Table 1: Design Specifications of Array

S.No Parameter Linear array of H-
plane sectoral horns
1. Frequency range 2-6 GHz
2. No of elements 8
3. V.S.W.R Max. 31
4. Gain (Min.) 14.3 dBi
5. 3-dB beam width (Az & El) 5-20°
6. Power handling of element 100 Watts CW
7. Impedance 50Q
8. Connectors N type or SMA
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3.2 Design Calculations of the Element: Based on the above requirements, the design parameters of H-plane
sectoral horn element at 2 GHz are calculated and given at Table-2 [12].
Table 2: Design Calculations of the Element

D, (@Bi) | D, G, X A R, I,
5.7 3.7 95 134 mm | 494.9mm 450 mm 450 mm
3.3 Simulation of Array: The arrangement of the array of H-plane sectoral horns is shown at “Fig. 3”.

'A L'

< »|

Length of the array = 228 mm, N=8

Figure 3: Arrangement of elements ot linear array of H-plane sectoral horns
The elements of the array are arranged symmetrically on both sides of the center line without loss of
generality to meet the spacing requirement of the elements of the array (i.e. 25 mm which is <A/2 @ 6 GHz) to
avoid grating lobes. The simulations have been carried out in the following ways.
v with Linear array of eight sectoral horns (Model-1)
v with Linear array of eight sectoral horns with hybrid tapering and dual wire loadingon aperture (Model-
2)
v/ with Linear array of eight sectoral horns with hybrid tapering, dual wire laoding and insertion of
parabolic lens(Model-3)
v/ with Linear array of eight sectoral horns with hybrid tapering, dual wire laoding andinsertion of
dielectric slabs (Model-4)
The above models are simulated in solid works software and shown below at “Fig. 4” to “Fig. 7”.

Figure 5: Solid-Model of 2-6GHz H-plane 8-element array with hybrid tapering and dual wire loading
(Model-2)

Figure 6: Simulated Model with hybrid tapering, dual wire loading on aperture and insertion of parabolic
dielectric lens of linear array of H-plane sectoral horns (Model-3)
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Figure 7: Simulated Model with hybrid tapering, dual wire loading on aperture and insertion of dielectric slabs
of linear array of H-plane sectoral horns
In “Figure 47, the aperture of horn is flared as per standard design procedures.
In “Figure 57, the linear array of horns is simulated with hybrid tapering [9, 11] and dual wire loading
on the aperture. A pair of brass wires of 1.4 mm diameter with A/2 apart at the center on the aperture have
created a large wave front and exhibited improvement in matching impedance of the waveguide impedance

(Zg) at low frequencies. The separation between these wires on the aperture is optimized in the simulation. The

improvement in V.S.W.R is observed in the simulation with this configuration.

In “Figure 67, the linear array of horns with hybrid tapering, dual wire loading and insertion of
parabolic dielectric lens in the aperture is simulated. The improvement in gain is observed in the simulation in
this configuration.

In “Figure 77, the linear array of horns with hybrid tapering, dual wire loading and insertion of
dielectric slabs in the horn body is simulated. The insertion of dielectric slabs has improved the side lobe levels
in the radiation patterns.

3.4 Simulated results of V.S.W.R: The simulated V.S.W.R of 5" element of the array for the above four cases
are plotted below at “Fig. 8” to “Fig. 11" respectively.
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Figure 8: Simulated V.S.W.R of 2-6GHz H-plane 8-
element array with linear tapering (Model-1)
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Figure 9: Simulated VSWR of 2-6GHz H-plane 8-
element array with hybrid tapering and dual wire
loading (Model-2)
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Figure 10: Simulated VV.S.W.R of hybrid tapering, dual

wire loading on aperture and insertion of parabolic

dielectric lens of linear array of H-plane sectoral horns

(Model-3)
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Figure 11: Simulated V.S.W.R of hybrid tapering, dual

wire loading on aperture and insertion of dielectric
slabs in the linear array of H-plane sectoral horns
(Model-4)
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3.5 Simulated Results of Radiation Diagrams: The radiation pattern is simulated for the center port of the

array, with phase difference between all the ports of the elements is equal, so that maximum radiation is

occurred at bore-sight. However, if the phase difference is varied by connecting Rotman lens, then the beam

scans between the scan angles of £45 degrees. The simulated radiation patterns of Model-1 array are shown
from “Fig. 12” to “Fig. 20”.
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Figure 12: Simulated radiation pattern (Az ) at 2 GHz ~ Figure 13: Simulated Radiation Pattern (Az) at 2.5GHz
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Figure 19: Simulated Radiation Pattern (Az) at 5.5
GHz
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Figure 20: Simulated Radiation Pattern (Az) at 6 GHz
The simulated radiation patterns of Model-2 are shown from “Fig. 21” to “Fig. 29”.
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Figure 21: Simulated radiation pattern (Az ) at2 GHz  Figure 22: Simulated Radiation Pattern (Az) at 2.5GHz
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Figure 23: Simulated Radiation Pattern (Az) at 3GHz  Figure 24: Simulated Radiation Pattern (Az) at 3.5GHz
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Figure 25: Simulated Radiation Pattern (Az) at 4GHz  Figure 26: Simulated Radiation Pattern (Az) at 4.5GHz

Figure 27: Simulated Radiation Pattern (Az) at 5GHz Figure 28: Simulated Radiation Pattern (Az) at 5.5
GHz
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Figure 29: Simulated Radiation Pattern (Az) at 6 GHz
The simulated radiation patterns of Model-3 are shown from “Fig. 30” to “Fig. 38”.
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Figure 30: Simulated radiation pattern (Az ) at 2 GHz  Figure 31: Simulated Radiation Pattern (Az) at 2.5GHz
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Figure 32: Simulated Radiation Pattern (Az) at 3GHz  Figure 33: Simulated Radiation Pattern (Az) at 3.5GHz
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Figure 34: Simulated Radiation Pattern (Az) at 4GHz  Figure 35: Simulated Radiation Pattern (Az) at 4.5GHz
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Fig. 36: Simulated Radiation Pattern (Az) at 5GHz Fig. 37: Simulated Radiation Pattern (Az) at 5.5 GHz
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Figure 38: Simulated Radiation Pattern (Az) at 6 GHz
The simulated radiation patterns of Model-4 are shown at “Fig. 39” to “Fig. 47”.
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Figure 39: Simulated Radiation Pattern (Az) at 2 GHz
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Figure 40: Simulated Radiation Pattern (Az) at 2.5 GHz
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Figure 41: Simulated Radiation Pattern (Az) at 3.0 GHz
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Figure 42: Simulated Radiation Pattern (Az) at 3.5 GHz
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Figure 43: Simulated Radiation Pattern (Az) at 4.0 GHz
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Figure 44: Simulated Radiation Pattern (Az) at 4.5 GHz
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Figure 45: Simulated Radiation Pattern (Az) at 5.0 GHz
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Figure 47: Simulated Radiation Pattern (Az) at 6.0 GHz
3.6 Simulated Results of Gain: The simulated gain plot for Model-1is shown in” Fig. 48”.
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Figure 48: Simulated gain for Model-1
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The simulated gain plot for Model-2 is shown in “Fig. 49”
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Figure 49: Simulated gain for Model-2
The simulated gain plot for Model-3 is shown in “Fig. 50”

Realzd Gan is10, M, Vit

H 5 3 35 4 45 § 55 §
Faguiney | Gz

Figure 50: Simulated gain for Model-3
The simulated gain plot for Model-4 is shown in “Fig. 51”
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Figure 50: Simulated gain for Model-4

3.7 Summary of Simulation Results: The summary of the simulation results of four models are given below

from Table-3 to 5.
Table 3: Summary of V.S.W.R of Model 1 to 4

S.No Type V.S.W.R Max
1. Model-1 80% of the band <1.6:1 and Max 3.5:1
2. Model-2 80% of the band <1.8:1 and Max 2.8:1
3. Model-3 80% of the band <1.4:1 and Max 3.5:1
4, Model-4 80% of the band <1.4:1 and Max 3.5:1
Table 4: Summary of Gain of Model 1 to 4
S.No | Freq.in Gainin dBi
GHz Model-1 | Model-2 | Model-3 | Model-4
1. 2.0 8.64 12.1 14.7 5.0
2. 2.5 115 16.5 18.0 18.0
3. 3.0 17.2 19.7 19.7 16.5
4, 35 17.6 19.3 20.8 20.0
5. 40 18.1 19.7 21.3 19.0

238



International Journal of Applied and Advanced Scientific Research (IJAASR)
Impact Factor: 5.655, ISSN (Online): 2456 - 3080
(www.dvpublication.com) Volume 2, Issue 2, 2017

6. 4.5 18.5 18.5 21.5 19.5
7. 5.0 19.2 21.3 22.1 20.0
8. 5.5 18.9 21.7 22.6 20.2
9. 6.0 20.0 21.7 23.3 21.0
Table 5: Summary of S.L.L of Model 1 to 4
S.No | Freq.in S.L.LindB
GHz Model-1 | Model-2 | Model-3 | Model-4
1. 2.0 -11.0 -4.3 -3.2 -19.6
2. 2.5 -18.5 -8.3 -18.5 -18.7
3. 3.0 -16.9 -8.3 -14.8 -17.8
4, 3.5 -19.1 -2.8 -13.3 -18.4
5. 4.0 -21.7 -11.8 -13.5 -18.2
6. 4.5 -19.9 -19.9 -14.0 -18.9
7. 5.0 -19.6 -12.0 -11.2 -17.4
8. 5.5 -35.8 -12.8 -11.8 -18.2
9, 6.0 -17.3 -17.2 -6.3 -16.9

4. Conclusion:

A 2-6 GHz linear array of eight sectoral horn elements using linear tapering, hybrid taper, dual wire
loading, insertion of parabolic dielectric lens and insertion of dielectric slabs is simulated and compared for their
performance and the results have been presented, which are useful for selection of the configuration for a
particular applications.
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