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The problem...

~

1.6 GHz
4.5m

features:
1T mm
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A Range of Solvers...

CST MWS solver choice

Volumetric Mesh Surface Mesh
Full Wave Ray Tracing

>

a e

Time Domain Frequency Domain Integral Equation Asymptotic Solver
FIT, TLM FEM MOM, MLFMM SBR
Hexahedral Mesh Tetrahedral Mesh Surface Mesh Surface Mesh
Conformal (PBA) Curved Curved Curved
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...for a Range of Applications
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1. Installed Antenna Scenario

2 GHz blade antenna positioned on aircraft

2 GHz
17.4x4.5x16.2 m
116 x 30 x 108 A
375,840 A3

660 million cells
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1. "Brute Force" Simulation

2 GHz blade antenna positioned on aircraft

2 GHz
17.4x4.5x16.2 m
116 x 30 x 108 A
375,840 A3

660 million cells

Single workstation with 2 Kx80
Total memory: < 100 GB

Broadband calculation time ~ few hours
—




2. What if the challenge increases?

element: fine geometry

array(s): 100s of elements

aircraft length™= 4
(>2000 A @ 14.5 GHz)
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Hybrid: swaLL > BIG

near field source
(equivalence principle)

=
farfield source

(
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CST MWS Solver " Coupling’

Coupling
1. Combination of different solvers. [. . via field
interfaces

H{\
-l«-»l Foud  Fs
UH

2. Loop over the same solver.
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Antenna Placement Workflow

Antenna Antenna Antenna
choice/synthesis simulation placement

Of interest: Of interest: Of interest:

= AntennaSpecifications = Integration with » |Installed farfield
= Operating frequency other antennas = Coupling with other
" Fartield =  Matchingcircuit antennas
i = Radome = Nearfield calculation

= Suitable topologies
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Antenna Placement Workflow

Antenna Antenna Antenna
choice/synthesis simulation placement

D1fferent tool/solvers available at each stage...

)

AntennaMagus

e
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Three Installed Antenna Examples

N\

1. UAV

2. Satellite

3. Aircraft
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UAYV Possible Scenarios

a) Antenna placement @ lower frequencies
+ Simple antenna topologies (easy to build from scratch).
+ EM problem not electrically large.

b) Antenna placement @ higher frequencies

— More complex antenna topologies (more difficult to build
from scratch).

— EM problem electrically large.




a) Lower Frequencies

IFF1 monopole
1020-1100 MHz

VHF blade
30-100 MHz
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IFF2 monopole
1020-1100 MHz




Brodband Analysis using FIT B

{

o . . S-Parameters [Magnitude in dB]
Calculation time ~ 7min N ——
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0 01 02 03 04 05 06 07 08 09 1 11
Frequency / GHz

Polar plot with
structure overlay Frequency = 106

Main lobe magnitude =  5.04

Main lobe direction = 1.0 deg.
Angular width (3dB) = 60.8 deg.

Farfield @ 1.06 GHz (IFF1) oot Aogular wilth (398) = ¢
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b) Higher Frequencies

Antenna specification

1| TACAN

GPS

Communication

Nl W DN

SATCOM (UHF)

Frequency [GHz]
1.08
1.575
placement
1.8
2.3

Antennas from 3rd party - CAD of the antennas not available!

Solution 1 II# A%Magus (extract representative antennas)

Solution 2
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Use antenna measured data (i.e from MVG).




Specification Library DDs:

Filter Properties

MName 4
lAeronautical]

Specification
Browse and capture new Specifications.

Aeronautical - VHF Omnidirectional Range/Localizer (Airborne)

Distance Measuring Equipment (Aercnautical - Airborne)

Distance Measuring Equipment (Aeronautical - Ground Station)

Aeronautical - VHF Omnidire: 113 MHz 108 MHz 118 MHz
Glide Slope {Aeronautical - Airborne) Glide Slope (Aeronautical - A 332 MHz 329 MHz 335 MHz
Glide slope (Aeronautical - Ground Station) GRS 11 (Aeranaytical - Airbor 1575 GH 1564 GH 1587 GH
GPS L1 (AE ranautical - n‘r-'(II"bOI'I'IE) lSATCOM EHEI .antq_:nna !ﬁurt 2.3 GHz 2.2 GHz 24 GHz I
Localizer (Aeronautical - Ground Station) Tactical Air Mavigation Syster 1L.088 GHz 950 MHz 1.215 GHz
WHF communications (Aeron: 127.5 MHz 118 MHz 137 MHz

Marker Beacon (Aeronautical - Airborne)

Marker Beacon (Aeronautical - Ground Station)

Tactical Air Navigation System (Aeronautical - Airborne)
WHF communications (Aeronautical - Airborne)

WHF communications (Aeronautical - Ground Station)
Weather Radar (Aeronautical - Airborne)

= Alot of predefined "Aeronautical” antenna specifications.

= Specifications can be used to look for suitable antenna topologies
inside Antenna Magus database.
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SATCOM Antenna Topologies O,

& Antenna Magus 550 (Professional) g - - SN — |= 2 |
&
@ M4 Home Libraries Toolbox
el i B Q£ Q& 2 @
ok, "
Copy 2 i o o X
Find | Design Array Openinfo Addtolnfo = Begin New Addto Export New E Delete Import Export
Paste Synthesis Browser  Browser Search  Collection Mode = Template Template Template ' Templates Templates
Edit Magus Reference Find Export Custom Templates
5 -
Find
Enter keywords to order the templates .

Eg. High gain Eg. GSM

Al keywo(dg
Ee b .
‘. Planar '
| uwr

‘[Q Low gain
| @@ Linear polarisation

‘|j Isotropic in a plane

Enter more keywords to add to this list

L-probe proximity-fed
circular suspended
plate antenna (SPA)
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4 Parametric Antenna Models + UAVY

1| TACAN

2| GPS

Extra requirements:

= Keep geometrical parameters of each single
project.

= Place the antennas on predefined
(parametric) positions.

3 | Communication
(1.8 GHz)

4| SATCOM (UHF)

T
<
RN
B
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System Assembly and Modelling .

Schematic 3D Layout
Sl $ml ; (aligned antennas using anchor points)
PS_L)| .

3D Layout
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Setup of Simulation Projects

Create Simulation Project
@ Select Block Representation R

J >
|[@ All Blocks as 3D Model | MLFMM

All Blocks as Schematic Model

3 Phased Array Antenna

: : Opy.
I Field Source Couplin I ,O[
Multiphysics {EM’TThirmaI] IOK
Field decomposition approach
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Installed Antennas using SAM FSC

-

-
Monitor u
s o ]
1 . P l atfo r m () EField () Surface current (TLM only)
() H-Field and Surface current () Power flow
(") Farfield/RCS () Current density -
© poner ossdensty So%
() Electric energy density
() Magnetic energy density
Help
2. Source(s) Labe
MName: field-source (f=0.8..2.4(17}) [¥] Automatic
. . L % -
(including part of the platform) Speciicaton
@) Frequency Time
i 1
(@ e e s - Samples (inear) h ] 7
— Frequency minimunn: 0.8
F i - 24
Include platform geometry » requency maximum
; = 1
Additional space around sourcs Use Subvolume
Umin: Umax: Coordinates: Offset type:
100 100 [|Pid<s v] [Fracﬁon of wavelength v]
Vimin: Wmax: " E
100 100 XMin: -14.7561 - 10 XMax: 14.7561: + 10
Wnin Wnax: ¥ Min: -14.7561 - 10 ¥ Max: 1475612 + 10
10 1o cST STUDIO SUITE@ ZMin: -11.0268 - 10 ZMax: 27.5671: + 10
N ew Featu re 2016 Use same offset in all direcﬁons] At frequency: 1.6
Replace exterior
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=-E3 Tasks
El-ﬁﬁ[:'l 1 (TACAN) 1(Blade_1_8 GHz)
(@3] TACAN B | R
: -5 GPS_L1 bt
{5 SATCOM UHF 1
SR . 1(GPE_L1) . ]

= .

Field sources installed on platform
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£

Surface based meshing
Curved Tri+Quad Meshing

Quad - Less memory
CST STUDIO SUITE®

= Curved > Higher accuracy ‘o—c2e




Available outputs

S-Parameters [Magnitude in dB]
] : 3 i i 3 : : — Sfs2 fal
| ' i i i i i i —m— Sfs3,fsl
| —¥— Sfe4 fsl
—8— Sfg4 fs2

) )
E-Field @ 1.575 GHz (GPS) i ’
) —¥— Sfsl,fs3

] ] i i ] ’ —&— Sfs3,fs2
L ” y —— Sfs2,fs3
4'/ ; —i— Sfs4,fs3
-100 i i i i i i ; Lo
08 1 12 14 16 18 2 22 24
Frequency / GHz
Broadband antenna to antenna coupling

GPS (fs3) > SATCOM (fs4)

E-Field @ 2.3 GHz (SATCOM)
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Installed farfield @ 1.8 GHz
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Three Installed Antenna examples

2. Satellite
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Design Issues = Simulation Issues

Electromagnetic Coexistence of
design multiple antennas

Installed Thermal / Mechanical
performance issues
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Construction of Model

i 1+ anchor
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Reflector Installed Performance

Ku band offset Gregorian reflector (14.6 GHz)

Reflections

directivity = ray visualisation

11 m “wingspan”
535A @ 14.6 GHz filtered to
show rays
with only

3 reflections

> CST STUDIO SUITE®
JJ New Feature 2016
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Three Installed Antenna Examples

3. Aircraft
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Example: Airborne SATCOM

Ku-band SATCOM:
= linear polarization
= Uplink: 14.0 - 14.5 GHz
= Downlink: 12.25 - 12.75 GHz
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Required:
beam steering and
polarization tracking

Additional antenna constraints:
form factor, mechanical stability,
aerodynamics, weight



Installed Performance of Phased Array

=G T
- weep SCAMTHETA,

Phazed Amray Antennal
F5C

E
&

IEII E_I
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Advantages of Hybrid Approach

©

= Decomposition of a big volume into subvolumes :

SMALLER (Source) - fine features can be accurately simulated (e.g details of radiating source)

SIMPLIFIED (Platform) - mesh can be relaxed for the full model containing the imported source (e.g. increase
time step, speed-up method convergence).

= Simulate source with appropriate mesh and solver.
= |mport external (measured) fields.
= No knowledge of antenna structure necessary (IP).




Summary

Antenna synthesis Antenna /Array design

| All antenna design stages with the
best solver in one User Interface

Antenna Installed performance
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Thank you for your time!
We’d be happy to answer any questions.
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