Array Feeding Cassegrain with GRASP

Start with dual reflector wizard and enter a SO\ diameter main reflector and a 10\ diameter
subreflector. The main reflector f/D = 0.4 and effective f/D = 1.5 of the equivalent parabola.

"Il

(€) B GRASP- Reflector Wizard

Dual Reflector

Frequency: 0.3
Main reflector aperture -
diameter (D): 50.0

Main reflector ffD: 0.4

Angle between main
reflector axis and 0.0
subreflector axis:

Distance between foci

relative to main reflector 0.851

focal length:

Subreflector eccentricity: 1.7273

Satisfy Mizuguchi condition: Mo - T

Angle between subreflector
axis and feed axis:

Use absolute or relative
Relative -
values:

Info

0.0

Equivalent focal length: 74.997938 m ~
Equivalent offset angle: 0°

Half-angle subtended by subreflector at the
feed: 18.93°

Focal length: 20.0 m v

Prefix on object created by

the wizard: dual_

Restore default values

Generate Frame‘ |Generate Db]ects| | Cancel

Add coordinate system for array feed.
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Name Electrical Objects » Surface » = | =] ‘ &3
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dual_main_reflector Derived Geometry Data  * Coordinate System, Euler Angles
dual_sub_reflector Maovement Definition Coordinate System, GRASP Angles
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- E 4 Paraboloid
dual_main_surface
4 Hyperboloid
dual_sub_surface
4 Rim

4 Elliptical Rim
dual_main_rim
dual_sub_rim

4 Coordinate Systems

'— 1 4 Coordinate System
dual_cut_coor
dual_feed_coor
dual_global_coor
dual_sub_coor
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An array coordinate system is created with its coordinate system base: dual_feed coor which the
wizard created to locate the Gaussian Beam Feed.

Object Editor: array_coor_sys (of class ‘Coordinate System’) H
Coordinate System
Name |arra1,r_coor_sys
Origin
b4 | 0.0 |m - |
¥ | 0.0 |m A |
z | 0.0 |m A |
hid
Base |dua|_feed_coor v| »
Orientation
Cartesian GRASP Euler
X ¥ z Orthogonalize Mormalize
¥-Axis | 1.0 ‘ ‘ 0.0 | | 0.0 ‘ X-Axis x%-Axis
y-Axis | 0.0 ‘ ‘ 1.0 | | 0.0 ‘ y-Axis y-Axis
Z-Axis | 0.0 ‘ ‘ 0.0 | | 1.0 ‘ Z-Axis Z-Axis
| Show Advanced Settings | oK | | Cancel | | Help |

The array consists of four elements spaced at 1.42A with 14 dB gain so that combination has 20
dB gain (38.8° beamwidth). The element as 70° 10 dB beamwidth to produce 14 dB gain. The
spacing was chosen to allow insert of square horn elements.

Add a 14 dB gain Gaussian beam feed.
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[ Object Editor: gaussian_70 (of class ‘Gaussian Beam, Pattern ...

L:]J Gaussian Beam, Pattern Def. Frequency

MName gaussian_70

Coordinate System

Frequency

Coordinate System

Taper Angle

Taper

Polarisation

Far-Field Forced
Factor
Amplitude in dB

Phase in degrees

Frequency Index for Plot

dual_frequencies

<Mone=

Linear x

off

Show Advanced Settings

Cancel Apply Help

Generate the *.isp file of the array element position and orientation using gaussian_70 array
elements.

Sqfeed.isp

Square array 1.42 m spacing using 70 deg 10 dB beamwidth gau
++++

m

1-7.100000E-01 -7.100000E-01 0.000000E+00 0.000 0.000 0.000 gaussian_70
2 7.100000E-01 -7.100000E-01 0.000000E+00 0.000 0.000 0.000 gaussian_70
3-7.100000E-01 7.100000E-01 0.000000E+00 0.000 0.000 0.000 gaussian_70
4 7.100000E-01 7.100000E-01 0.000000E+00 0.000 0.000 0.000 gaussian_70

Associated with the array element position and orientation angles is the array excitation file:
sqfeed.exi

Square array 1.42 m spacing using 70 deg 10 dB beamwidth gau

++++
1 -6.021 0.000
2 -6.021 0.000
3 -6.021 0.000
4 -6.021 0.000



Store the *.isp array geometry file and *.exi array excitation in the “working” directory of the
GRASP project.

File Edit View Wizards Tools | Create | Window Help
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Geometrical Objects 4
Name | Electrical Objects v FEaen) N
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4 Elliptical Rim
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dual_sub_rim
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E] Frequency

| E] Coordinate System

General Array

Tabulated General Array

MName

‘ tabulated_general_array

Frequency

|dua|_frequencies

Coordinate System

| array_coor_sys

Elements File

|5qfeed.isp

Element or Composite | Composite

Excitation Coef. File

' sqfeed.exi

Factor

Amplitude in dB

Phase in degrees

Ray Output

Show Advanced Settings

Planar Grid Array
Tabulated Planar Grid Array




The object uses the dual_frequencies list. The array elements are located in the array_coor_sys
whose coordinate base: dual_feed_coor was written by the wizard. The location and orientation
of the elements are contained in “sqfeed.isp”, pattern calculations use the sum of the array

elements: “Composite.”

Duplicate the output pattern specification to allow storage of single element and composite array
feed patterns. Highlight the spherical cut and right click to select duplicate.

4 Frequency List

dual_frequ
4 Feed
4 Pattern

[# Edit Selected...
@ View References...

4 (Gaussian B %

Duplicate Selected... ‘

dual_fe

4 PO Analysis
4 PO, Single-Fa
dual_main
dual_sub_g By
[> Other Sources
4 Field Storage =

4 Cut

4 Spherical

X

gaussia T‘?

Rename Selected
Edit Comment...
List Selected...

Copy aggregate to clipboard
Copy single to clipboard

Paste from clipboard

Delete Selected

Add “dual_cut array” spherical cut output object by dupllicating and renaming.

Add main reflector center hole as an approximation to the subreflector blockage.
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Array (composite) computations are added to the command list so that both patterns with an
array feed and the single feed element are stored.

A TICRA - GRASP 10.5.0 - Project: (
File Edit View Wizards Tools Create Window Help

DZER-9QC > Fh@EDO X

4 Add Command Type Objects
B
& up

4 Down

M Add Field ral_array + dual_sub_po

Source : dual_feed
Target : dual_sub_po

5 Get Currents

Source : dual_sub_po
Target : dual_main_po

6 Get Currents

Source : dual_main_po

7 Get Field Target : dual_cut

Source : dual_feed + dual_sub_po

8 Add Field Target : dual_cut

Array fed Cassegrain array —black & blue, Single Feed: red & green

W03 GHz — E_co — 0.0 deg [Amplivice]
W03 GHz — E_cx — 0.0 deg [Amplitude]

40.0 4

0.3 GHz — E_ro — 0.0 deg [Amplitude]

W03 GHz — E_co — 45.0 deg [Amplituce]

0.3 GHz — E_to — 45.0 deg [Amplivce]

30.0 4

20.0 4

Amplitude [dB]

10.0 4

0.0+

0.0
0 [deg]



The array fed subreflector Cassegrain has lower gain than a single Gaussian beam fed antenna.
The composite array feed pattern is computed:

Square array of 70 degree 10 dB beamwidth elements spaced 1.42 wavel.

Freq: 0.300 aqi42-4.arr Beamwidths: 38.80 38.80

Step Angle: 0.00 .« _0 -15
Great Circle

The array pattern has same beamwidth as the single element. The large sidelobes are caused by
grating lobes that have been reduced by the element pattern. GRASP computes excessive gain
for the array because the 14 dB gain Gaussian beam elements have overlapping equivalent areas
at 1.42\ element spacing. This produces 0.3 dB excessive gain in the array-fed Cassegrain.

The gain of the four element array is reduced by 0.3 dB due to sidelobes computed by the
normalized mutual resistance method using the array element beamwidths and spacing. GRASP
computes the difference between a single feed and the array feed as 0.84 dB. The GRASP job
computes spillover losses for both the sub- and main-reflectors but they are not used in the

PO/PTD calculation.



————— TASKE NHo. 1 —-——-- Started at 21:00:25 on November 10, 2016

dual sub po get_currents ( source @ sequence (ref(tabulated general array)),
auto_convergence of po : on, COnvergence on_ Scatterer

sequence (ref (dual main reflector)), convergence on output grid
sequence (ref (dual cut_array)))

BO1 1g P22 = 42 Face = 1, Final PO-wvalues from auto-convergence
FID = 123 Edge = 1, Final PTD-wvalue from auto-convergence.

Calculating currents.

Ho. of PCO-points (target): 549
No. of PTD points (target): 123
Eelative power hitting scatterer: 0.81e312
Spill-owver: 0.8814 dB

Total task time: 0.23 s=ec

————— TASKE NHo. 2 ————- Started at 21:00:25 on November 10, 2016

dual main po get currents ( source @ seguence (ref (dual sub po)),
auto_convergence of po @ on, convergence on output grid
sequence (ref (dual cut_array)))

POl = 1le POZ = 37 Face = 1, Final PO-values from auto-convergence
PTID = 33 Edge = 1, Final PTD-wvalue from auto—-convergence.
FID = 11 Edge = 2, Final PTD-wvalue from auto-convergence.

Calculating currents.

Ho. of PCO-points (target): 486
No. of PO points (source): 549
Ho. of PTD points (source): 123
Ho. of edges with PTD (target): 2

PTD points at edge 1: 33
Ho. of PC points (source): 549
Ho. of PTID points (source): 123

PTD points at edge 2: 11
Ho. of PC points (source): 549
Ho. of PTID points (source): 123
REelative power hitting scatterer: 0.704481
Spill-owver: 1.5213 dB

Total task time: 0.50 =sec




————— TASE Ho. 5 ————— Started at 21:00:26 on November 10, 2016

dual sub po get_currents | fource : seguence (ref (dual feed)),
auto_convergence of po @ on, CONVErgence On Scatterer

sequence (ref (dual main reflector)), convergence on output grid :
sequence (ref (dual cut)))

POl = 18 POZ = 40 Face = 1, Final PO-wvalue=s from auto-convergence
BPTD = 130 Edge 1, Final PTD-wvalue from auto-convergence.

Calculating currents.

No. of PO-points (target): 524

HNo. of PID points (targetc): 130

Relative power hitting scatterer: 0.924%64 ST lees e aulbie et
Spill-over: 0.3388 dB P

Total task time: 0.19 sec using single feed

————— TASE Ho. & ————— Started at 21:00:26 on November 10, 2016
dual main po get_currents ( Source ! segquence (ref(dual sub po)),

auto_convergence of po : on, convergence on output grid :
sequence (ref (dual_cut)))

POl = 21 FPoZ2 = 36 Face = 1, Final PO-wvalues from auto-convergence
PTD = 33 Edge = 1, Final PTD-wvalue from auto-convergence.
PTID = 10 Edge = 2, Final PTD-wvalue from auto-convergence.

Calculating currents.

No. of PO-points (target): 621
HNo. of PO points (source): 524
No. of PID points (source): 130
No. of edges with PTD (target): 2
PTD points at edge 1: 33
No. of PO points (source): 524
No. of PID points (source): 130
PTD points at edge 2: 10
No. of PO points (source): 524
No. of PID points (source): 130
Relative power hitting =scatterer: 0.804615 q
Spill-over: 0 9441 4m Spillover loss on main
Total task time: 0.56 sec reflector using single feed

The difference between the sum of spillover losses with an array feed and a single feed of
approximately the same pattern (same gain) is 1.12 dB. The difference between the spillover
losses of 1.12 for the two cases and that computed by GRASP 0.84 dB has a difference of 0.28
dB. This is very close to the difference predicted by the normalized mutual resistance method of
0.30 dB. Of course, if we were using GRASP with an array, we would not have these spillover
terms for comparison.



