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2021 A&D Industry Business Drivers

DEVELOP AGILE ACHIEVE
TECHNOLOGY & SUSTAINABILITY DRIVE CosTS DOWN
SERVICES PORTFOLIO THROUGH INNOVATIONS
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Aerospace Communication & Detection System Performance | Challenges

Safely and profitably introduce innovative new solutions in a complex system of
systems environment

Manage increasing production rates efficiently, from concept to production to
recycling

Facilitate knowledge transfer and intellectual property protection within the
workforce and with the partners
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Reduce certification and testing costs while ensuring highest level of quality and
security
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Aerospace Communication & Detection System Performance | Challenges
Demand for more data bandwidth extends the use of frequency spectrum

increasing system complexity

Increasing number of antennas on aircraft increases the probability of co-site
interference events

Greater dependence on automated flight requires highly reliable
communication and detection system performance

Increasing use of lightweight composite materials presents new challenges for
antenna integration
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Aerospace Communication & Detection System Performance | Solution Description

s caTiAa [S] €ST Studio Suite

3DEXPERIENCE

Digital continuity
Versioning
Seamless collaboration
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Aerospace Communication & Detection System Performance | Context

How do we reduce physical testing? Testing is costly, time-consuming and difficult.

Virtual prototyping can drastically reduce the effort required and the risks of finding
problems late in the design stage.
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SIMULIA CST Studio Suite Solution

Network Coverage Electromagnetic
Dosimetry
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Aerospace Communication & Detection System Performance | Context

Number of antennas on aircrafts is increasing. How do we make sure they work in the proposed locations
and with all possible satellite and ground systems that they need to be communicating with?

L

Weather rada_r
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Aerospace Communication & Detection System Performance | Context

How do we reduce physical testing? Testing is costly, time-consuming and difficult.

Virtual prototyping can drastically reduce the effort required and the risks of finding
problems late in the design stage.

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Document_2021

. .

>
3 DS SIMULIA D&-E&STSE%JELST



© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Document_2021

14

Aerospace Communication & Detection System Performance | Challenges

Safely and profitably introduce innovative new solutions in a complex system of
systems environment

Manage increasing production rates efficiently, from concept to production to
recycling

Facilitate knowledge transfer and intellectual property protection within the
workforce and with the partners

Reduce certification and testing costs while ensuring highest level of quality and
security
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Aerospace Communication & Detection System Performance | Challenges

Demand for more data bandwidth extends the use of frequency spectrum
increasing system complexity

Increasing number of antennas on aircraft increases the probability of co-site
interference events

Greater dependence on automated flight requires highly reliable
communication and detection system performance
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Increasing use of lightweight composite materials presents new challenges for
antenna integration
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Aerospace Communication & Detection System Performance | Solution Description

SIMULIA offers the most complete electromagnetics
solver technology for antenna simulation

nt_2021

TTC: 2 GHz C Communication datalink 1:

] Ku-band 12 GHz splashplate
reflector
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Aerospace Communication & Detection System Performance | Solution Description

Communication antenna
reflectors be affected by the
GPS antenna radiation field

/775 SiIMmuLIA

Communication antenna
reflectors be affected by the
GPS antenna radiation field

Field and surface current visualization
shows how the satellite geometry
affects the antenna performance

Visualization of installed
radiation pattern
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Aerospace Communication & Detection System Performance | Solution Description

Specialized tools for antenna array design
allow engineers to quickly estimate,
optimize and validate array performance

EEEEEEEEEN
Finite array design tool used to define array
size, shape and active/passive elements

Infinite array analysis based on unit Automatic array geometry construction
cell model, rapid design of element Automatic amplitude/phasing for beam-steering
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Beam-steering
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Aerospace Communication & Detection System Performance | Solution Description

i i Antenna to antenna coupling
RF interference analysis made et
simple — define and simulate -
radio system coupling /
performance, analyze results at a ; / N ]
glance through violation matrix. / —
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F’c:s;ible , ,J/ ranscelve:~\ / Receiver
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Aerospace Communication & Detection System Performance | Solution Description

High power communication systems feed system design can be made easier by divide-and-conquer
approach by splitting the problem into smaller pieces and using the best solution technology for each part

Horn antenna

I//////////// il

Reflector Transition

Diplexers

Feed system

&‘
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Aerospace Communication & Detection System Performance | Solution Description

Specialized tools for filter design and tuning provide optimized solutions in shorter time than generic
simulations.
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Aerospace Communication & Detection System Performance | Solution Description

Electric field magnitude at 90 GHz
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Aerospace Communication & Detection System Performance | Benefits

Rapid development and validation of
communication systems

Reduction of physical testing through
realistic simulation

Reduce time to market by virtual
compliance testing

Improve product quality by effective
collaboration

/775 SiIMmuLIA

v Automated robust meshing or import of validated mesh
of source design geometry

v" Accurate and fast multi-scale simulation of antennas on
aircraft at physical and system level

v Efficient design, positioning and performance
optimization of multiple antenna systems

v" Use of simulation throughout design cycle reduces risk
of physical test failure and need for redesign

v’ Confidence in realistic multi-scale simulation reduces
number of measurement iterations

v" Achieve certification in shorter time-frame due to
confidence in validated simulation results

v Integrated solution from antenna design to placement
and system interference

v’ Effective communication between multi-disciplinary
teams facilitated by 3DEXPERIENCE platform

v' Single source of truth for all data

D?g DASSAULT

SYSTEMES



Document_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

24

Aerospace Communication & Detection System Performance | Benefits
Rapid development and validation of communication systems

v' Automated robust meshing or import of validated mesh of source design

geometry

v" Accurate and fast multi-scale simulation of antennas on aircraft at physical and

system level

v Efficient design, positioning and performance optimization of multiple

antenna systems
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Aerospace Communication & Detection System Performance | Benefits

Reduction of physical testing through realistic simulation

v" Use of simulation throughout design cycle reduces risk of physical test failure and need for redesign

v" Confidence in realistic multi-scale simulation reduces number of measurement iterations

v" Specialized solutions for space applications for e.g. breakdown and corona discharge analysis reduce the risk of
problems and over-engineering solutions

Document_2021
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Multipaction in a waveguide Electric field in a waveguide
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Aerospace Communication & Detection System Performance | Benefits

e Reduce time to market by virtual compliance testing

v" Achieve certification in shorter time-frame due to confidence in validated simulation results
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Aerospace Communication & Detection System Performance | Benefits
Improve product quality by effective collaboration

v Integrated solution from antenna design to placement and system interference

v’ Effective communication between multi-disciplinary teams facilitated by 3DEXPERIENCE
platform

v" Single source of truth for all data

Ok, | will move it.
Please update the
results once the new
simulation is done.

We need to change the
antenna housing position
forward a bit. There is

too much reflection from
the rotors.

3DEXPERIENCE
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Aerospace Communication & Detection System Performance | KPls

Reduce development time

Rapid and virtual antenna design and validation - simulate antenna concepts and validate performance
within minutes. Antenna placement study feedback potentially reduced from weeks to hours when
compared to other simulation and build-test-build approaches.

Reduce cost of physical testing

Minimize in-flight and ground-based testing and unnecessary prototypes and measurements with
rapid and accurate electromagnetic simulations.

Improve safety and product performance

(@9} Ensure performance and reliability of co-existing communication systems

Reduce risk of failing certification tests

ﬁ& High accuracy simulations ensure compliance with measurement results and required
2 certification tests.
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Thermal Simulation

E-CAD

EDA Import
IR-Drop

Simulation
Calculation of system power
losses,
heat sources and equivalent
thermal models of PCBs with PCB
Studio solver.

1.5V
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M-CAD

3D Import

enclosure ,displa
Li-lon battery
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USB port
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Thermal Simulation: IR-Drop

Power loss of PDN and

| ]
MNavigation Tree X
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VRM STAGE

CONNECTOR
H3
Net Selection
<V|N7 Auto-Tagging
BATTERY
MNGT Components Info
SYSTEM
VSY
VOLTAGE DC Path Definition:
REGULATO > DC source
Rs > VRM stage
> Load: ICs
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H Thermal Simulation: IR-Drop

ﬁ Heat Sources and Losses Calculation

POWER SUPPLY AND 10

Document_2021
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Index Component PowerPin Power Net Ground Pin Ground Net| Voltages[V] Dropat... | Drop atG... | Currents[A]
VOLTAGES & 0 h3 h3_36 VIN h3_35 GND 499981 | 0.00019 0.0 0.928709
ClbEgesla Qurrents 1 h1 h1_17 |NETH1_17| hi1_21 GND 3.21983 | 0.07938 | 0.0007878 | -0.08
%= Power Supply and IO (8) 2 hi hi_ 18 |NETH1_17| hi_21 GND 3.21981 | 0.0794 | 0.0007878 0.08
.4 Additional Components (9) 3 h2 h2_18 |NETH2_18 | h2_17 GND 3.21996 | 0.07922 | 0.0008211 0.06
- 3% Vias (3316) 4 h2 h2_19 |[NETHZ_i8 | h2_17 GND 3.21998 | 0.0792 | 0.0008211 0.06
5 h2 h2_20 |[NETH2_18 | h2_17 GND 3.22 0.07918 | 0.0008211 0.06
6 h2 h2_ 21 |NETHZ 21| h2_1 GND 1.46957 | 0.0297 | 0.000732% .02
7 h2 h2_22 |[NETH2_21| h2_1 GND 146957 | 0.0297 | 0.0007329 0.02
8 h2 h2 23 |[NETH2 23| h2_27 GND 3.22055 | 0.07867 | 0.0007816 0.06
g h2 h2_24 |NETH2_23| h2_27 GND 3.22055 | 0.07867 | 0.0007816 0.06
10 ul ul_bs V3 ul b7 GND 3.26599 | 0.03324 | 0.0007664 | -0.015
POWER LOSSES 11 ul ui_bs 3 ui_b7 GND 3.26604 | 0.03319 | 0.0007664 | -0.015
P—p— 12 ul ul_bi13 33 ul_cl4 GND 3.26614 | 0.03315 | 0.0007082 | -0.015
iy NETS LAYERS COMPONENTS
sk Components () Index  Net Power loss[W] Index Layer Power loss[W] Index Component | Power bss[W]I
3 Nets (5) 0 w2 0.000255 0 GND_1 0.0000829 14 ui 1.12402
1 78 0.0003734 1 GND_2 0.00005 15 u2 125755
- ofem Vias (1010) = T R u4 0.257603
Detailed (21) 2 s 0.0001248 ="= . 17 us 0.184088
| 38 3 5_ 0.0002171 3 GND_3 0.000124 = e
4 V3 0.0001433 4 | PWR_PLANEL | 0.0059435 :
5 N3_ 0.0002918 5 |PWR_PLANEZ 0.0074253
6 3_AF 9.6E-7 6 SIGNAL_1 0.0006373
7 N3P 0.0022739 7 SIGNAL_2 0.0025727
/775 SIMULIA 3 W3_P_ 0.0018856 8 | SIGNAL Hs 1 | 0.0000315 |
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l Thermal Simulation

i
—ema|  Thermal Models Phone Components — 3D
Loscas r A1)

« layers

* vias

« traces LpEe
.+ areas | e,

> Materials with thermal proper{i

> Anisotropic thermal conductivity
> Diffusivity > Specific heat
> Material density » Emissivity

» Contact properties

enclosure ,displa
Li-lon battery

camera module

fillers, support components

o

Heat
Source

Components Heat

CAlivrAac

=

» WCS

Bringing CAD data together in 3D:

» Anchors > Pick tools > Align tool
Heat Sources automatically placed on the PCBs
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A\

Conjugate Hea

Thermal Simulation
tTransfer

T e ——
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" (behind the screer
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46°

42°C
(on the screen surface)

A

DASSAULT
SYSTEMES



nt_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Docume!

34

hermal Simulation
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Simulation vs. Measurement
Thermal Analysis: Workflow overview

IS
Comparison with Measure

||.-|
Elnl
EJI- : >

Import and preparatlon of:

» CAD data » Heat Sources
pS < 1AAEPFSE > Thermal Losses

Data

oo ) L
2 % ke Altium > Mentor Graphic:
- — » Cadence> Zuken
SOLIDWORKS CATIA
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Thermal Analysis: Simulation workflow

N[

G B

DC - Thermal Analysis with PCBS

DC current LA

| ui
! I -
,._ o @ o0

g | -
| D1t
ﬁ - ) § v o
h

v Getting Started Analysis

v Automatic calculation of PCB’s equivalent
thermal model

Automatic calculation of DC power losses
Automatic setup of heat sources

Quick in terms of model setup and simulation
time

/775 s IREF NS require a lot of computing power to

ANANEN

run)

DC+AC - Thermal Analysis with PCBS
+ 3D

In addition to DC — Thermal Analysis:

v Calculation of AC (HF) power losses

v View of DUT'’s functionality

v "What if” analysis, optimization process
v' EMC/EMI analysis

DS SESrENES
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Thermal Analysis: Import and preparation of

Input data

p?S ¥» Altium
SOLIDWORKS ¥» Cadence
Ol » Mentor Graphics
¥» Zuken
. >
CATIR
[ SWITCHING LOOP LOAD
- P
i 4 |:LI 055-:. 1
| e I
- Pross m‘ ' .
4 :
T - - T
- L I =
PCB and CAD components import Import of the device schematics |
Automatic thermal components definition Automatic calculation of power losses and heat sources | Losses || source
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Thermal Analysis: Model simplification

Loading condition: 1.5W

Loading condition;: 5W

N

Model A

Model B

"oy, S0
"olar -.m

Model C

el

2
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Thermal Analysis: Model simplification

Components power losses

Index Component Power loss(W]

0 D3 0.0384093
1 F1 0.0035122
2 5} 0.0050471
3 L4 0.0010094
4 R4 0.527101
5 RS 0.527131
6 RS 0.0
7 SW1 0.0000245
8 sw2 0.0000245
9 SW3 0.000101
10 2 1.83622
11 3 0.527108

12 ul 0.205454

S

PCB power losses

Index Net Power loss[W]
0 GO 0.000159%
1 NO4615 0.0000627
2 NO47971 0.0
3 R_LOAD 0.000147
Bl VIN 0.0001637
5 VINF_A 0,0000245
6 V¥ _B 0.0000138
7 VINF_C 0000413
8 vouT 0001951
9 VOUTN 0.0001201
10 VSW 0.0003625

R

) lumped (thermal resistance/capagitance)

- b

Contact properties: PCB <> Comppnents

>
f ”n)gerial-based (air gap)
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Thermal Analysis: Measurement setup

camera probe 1 probe 2

< |48.7°C| Nz 48
¢ 76.1°C DEa Eaias)
4 27.0°C IE 27

116 I Probe placement
(thermal paste used 6W/mK)

74.2 4 < 40.8°C

Measurement interval: 5-10min.
Additional waiting time of 50min
before measuring, adds ~0.5°C
Measurement tolerance: -+3% (2°C)

Thermal image: Flir C5
€ =0.95
temp.=20°C

dist. =(0-1)m

Probe 1:

Habor Thermometer (0.1°)

Probe 2:

Extech MA445 + K-type probe (1°)

Image processed using FLIR Systems technology - 2021 © FLIR® Systems, Inc. All rights reserved.
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Thermal Analysis: 1.5W load, Comparison

(+-4)/°C | MEAS. | ModelA | Model B
R3 74 4 722 73.2
U1 479 49.0 471
L1 415 334 33.0
J1 (usb) | 41.1 37.9 37.3
J2 27.0 273 26.7
D3 ~32.0 324 31.8

ﬁ Monitors at Points

Simulation time:
Model A: ~2h45min, 1.36M cells, i7-6820hq (4-cores)
Model B: ~40min, 640k cells, 17-6820hq (4-cores)

MERS. - measurement results _ 40.0°C

7 . i S reserved.
35 simuLIa S BossauT
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(+-4)/°C | MEAS. | Model C
U1 63.3 61.3
C1 50.0 39.6
F1 48 4 44.3
D1 48.0 38.8
L1 454 34.8
D3 449 39.5
pch 37D 314

ﬁ Monitors at Points

Simulation time:

Model C: ~40min, 570k cells, i7-6820hq (4-cores)

43 /775 SiIMmuLIA

Thermal Analysis: 5W load, Comparison

Image processed using FLIR Systems technology - 2021 © FLIR® Systems, Inc. All rights reserved. 7 DASSAULT
DS SYSTEMES



Thermal Analysis: 3D co-simulation model

Calculation of DC and AC losses ﬁ#

sz

8|

H

3 0 ogo ogo
3 O 3

Ups
LOAD
3
ot ®
I3
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Thermal Analysis: 3D co-simulation model

Calculation of DC and AC losses ﬁ#

100

Document_2021

Voltage / V

0.1

0.01
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Current / A

0.0001
1e-05

le-06

45
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FD Voltages [Magnitude]

o 1 2 3 4 5 6 7 8 9 10
FD Currents [Magnitude] Real C1 [Magnitude]
0.009 . . ; . : : ‘ .
0008111 Real Power = X Real [ U¢q x (I4;T)
0.007 1--1-- , : ‘ : : : ‘ —
0.006 -t
0.005 f--f--ieeernie b
0.004 1--4--
0.003 i b
0.002 {--
0.001 1-- |
N L.a 0 | H
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

Frequency / MHz
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Thermal Analysis: DC vs. DC+AC losses

Loading condition: 1.5W

Loading condition: 5W

NG N
2 |[carc [MEAS. | ModelA | Model B Model A | Model B
% R3 744 122 732 720 733
P ]| 479  a0| a1 510 491
: | M5 34| 330 74| 370
f J1(usb) | 411 37.9 373 39.0 38.4
% J2 27.0 273 26.7 28.5 28.2
’ D3 ~32.0 324 31.8 344 33.9

NE NG

(+-4)/°C | MEAS. | Model C Model C
U1 63.3 61.3 64.4
C1 50.0 39.6 52.4
F1 484 443 46.8
D1 48.0 38.8 50.1
L1 454 348 40.0
D3 449 395 429
pcb 37.5 314 341

46 /775 SiIMmuLIA
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Agenda

SIMULIA CST Studio Suite: industry focused solutions

Satellite antennas

Communication systems in aircrafts

Land-based RF and MW communications

Conclusion

/775 SiIMmuLIA
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Reliable communication is crucial for
safe and efficient operation of aircraft

At any given moment there are on average 10000 aircraft in
the sky and it is expected that the airspace will get even
denser.

» In addition to increasing number of regular airplanes, the
evolving technology is bringing new types of aircrafts to
the sky, drones, air taxis etc.

- ghly autonomous flight means aircraft
communlcatlon and detection system performance is more
important than ever.

Passengers are demanding faster communication speeds
and more bandwidth for their own devices while in flight.

» With increased demand for communication, evolving
technology and autonomous aircrafts, the number of
antennas and sensors on aircraft is expected to increase,
which also increases the probability of interference events.




Will the antennas
work in their
proposed locations?

structure affect
antenna
performance?
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Antenna element design with

Communications Antennas

2,
258 simuLIA

2
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Antenna design with Antenna Magus®

» Antenna design is a specialized workflow \
requiring domain expertise, however... R
AntennaMagus

Explore.Design.Deliver.

» Antenna Magus is a software tool to help
accelerate the antenna design and -~
modelling process. ; %

» Antenna Magus increases efficiency by
helping the engineer to make a more
informed choice of antenna element and
obtain a good starting design.

2
3 simuLia S BossauT
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Antenna Magus workflow

Finding antennas

* Specification chooser
* Extensive library of

EIEIES

st )

/775 SiIMmuLIA
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Finding antennas

Specification based workflow

Bt

Aeronautical

Automotive 1SM

="

Inmarsat Nautical

Document_2021

Public Broadcast

N )
\ ﬂ!rA

Smart Devices and
Mobile Comms

Radar Bands Custom Specification

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS
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AV4

x Asronalrtical

Simplifies antenna
selection!

Name

Marker Beacon (Aeronautical -
Airborne)

Radar Altimeter (Asronautical -
Airborne)

Radar Warning Receiver (RWR)
(Aeronautical - Airborne)

Tactical Air Navigation System
(Aeronautical - Airborne)

VHF Omnidirectional Range
(Aercnautical - Airborne)

Airborne Base Station

> @

About

Marker beacons form part of the Instrument
Landing System and provide an aircraft information
about its position along an established route, This
specification is set up to help find antennas for an
aircraft.

A radar altimeter measures the distance of the
aircraft above the immediate terrain beneath it.

A radar warning receiver on an aircraft detects and
warns an aircraft (pilot) about radar activity.

A TACAN (Tactical Air Mavigation) system is
essentially the millitary version of the VOR/ DME
system and provides an aircraft with bearing and
distance to a ground or ship-borne station.

The VOR {(VHF Omnidirectional Range) navigation
system allows an aircraft to determine its posisiton
via signals transmitted from fixed ground based
beacons.

VHF communications
(Aeronautical - Airborne)

Woice communication between an aircraft and the
ground station in the VHF band is achieved over the
frequency range of 118 - 137 MHz. This
specification is set up to help find these antennas
on an aircraft.

‘Weather Radar (Aeronautical -
Ajrborne)

A weather radar on an aircraft provides the pilot
with information about the upcoming weather
conditions on the flightpath.

SYSTEMES

D?g DASSAULT



: 3DS_Document_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.

54

Finding antennas

Select VHF blade antenna

Preset

Specification

Keywords

Home Libraries Toolbox

S £3)
1 5
Find Array Open Specfication  Edit B
Synthesss Ensbled  Specification Coe

Antenna Magus 20203 (Professional)

tennas  Planar Antennas  Wire An

Specification § |9 templotes matched 4 / 4 keywords

VHF communications (Aeronautical - Airborne) 2 = Dus! Tapered
B Monopole within 2 C.

Find

L]
Linear polansation \
"

Yagi-Uda monopole Monapole antenna
amay fed against gro.

|

21 Moderate banwidth N 176 somplotes matches 3 7 4 keyworts

I8 Monopole N I®  octedcome
reflector antenna

a [ ]

2 v N

Printed Vagi-Us
Dipose Array with 8al,

Cavity-backed siot
antenna array

4 Suggest Antenna \‘:x

Collection

/775 SiIMmuLIA

Dual Polarised Cross 4 Batwing anterna
Bow-tie Antenna

Log-penodic dipole Prnted Microstrp-fed
aray (LPDA) Yagi-Uda Dipole Array
Wire-grid array Cylindrical dipole in

infinite array

PN l

Template Groups

Reflector Antennas  Dielectric Antennas ~ Amays  Tr Other

Sieeve monopaie Top-lasded manapeie
antenna antenna
Wire biconical antenna £MC wire bicanical
antenna

Log-periodic dipole Dual-band log-
amay (LPDA) with as periodic dipole array.

Panel array of Ged reflector with 4
cylindrical dipoles wit. bow-tie phased array.

22

Blade antenns I

Planar Eowtie Array

Planar kog-periodic
dipole array (LPDA)

4

Wire log-periodic
ag antenns

tom Templat

Vertical ground-plane
antenna

Planar Bowtie
Automotive Array

Orthogonal
periodic dipole array.

-3 antenna

Dielectrically loaded

isc monopole anten

Monopole Dielectric
Resonator Antenna

]

%

Blade antenna

c

5
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Finding antennas

VHF antenna information

Build in antenna
knowledge base! —~ Q)

@
o}
‘ Blade antenna

/775 SiIMmuLIA

%
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Automatically design antenna and estimate perform.

Blad na

General

Design and Estimation

RV

Enable/disable
in settings

Lice

/775 SiIMmuLIA

Design
Estimate Performance for all new Reference Designs (Specifications based workflow)
Enable out of range extrapolation
Select extrapolation method Linear Spline -

A

DASSAULT
SYSTEMES



Document_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

57

Initial performance evaluation

X:4.612 mm

/775 SiIMmuLIA

Reflection coefficient (dB)

1
2
3

-5
-E
-7
-8
-9
-10

Smart performance
evaluation!

11
12
13
14
EE
-16
7
18
19
20
21
22
23
24

\0

N\
N\
\
\
N\

2700

115

120

~ Objectives

Primary Design

. VHF communications (&

125 130
Frequency (MHz)

Centre frequency

127.5 MHz

135 140

Design 180°

impedance
|A 50 Ohm design |

[ Design 1

130 MHz

A 50 Ohm design

D?S DASSAULT
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Export and simulate the blade antenna

0 AntennaMagus
Explore. Design. Deliver,

Maodel
Export

/775 SiIMmuLIA
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Near field source export

Improves the antenna
placement workflow

Enable/disable
in settings

General | Design and Estimation | Licensing | Host Info

Design
Estimate Performance for all new Reference Designs (Specifications based workflow)
Enable out of range extrapolation
Select extrapolation method .Linear Spline ';

Performance Estimation

0 Calculate near-fields

o MNear-field cache location ChUsers\MKET\AppData\Local\Antenna MagustNearFiel...

/775 SiIMmuLIA
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Weather radar

/775 SIMuLIA

SATCOM

Antenna array design with

CST Studio Suite Array task

ur_Tu]
ooo
Create Unit Cell Create Full Array

Simulation Project  Simulation Project
Simulation

2
DS SESrENE
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Layout creation

Array Layout

N

Active  Passive  Empty

5§£ﬂﬂﬂULﬂq

Excitations Taper

ANEEEEEEEEEEEEEEn
AEEEEEEEEEEEEEEEEEN
ANEEEENEEEEEEEEEEEEEn.
EEEEENEEEEEEEEEEE .
ANEEEEEEEEEEEEEEEEEEn
EEEEEEEEIOOOEEEEEEEEn
EREEEREOOOO000NNEEEEN
EEEEENOEEEENOEEEEEE
EREEROESEEERE(ENEEE.
EEEERCO N EEEEEROEENEn
EREERCNEEEEERCONEEEn
EEEERCO N EEEEER(CEEEE.
EEEEROOEEEEERRONEEEn
EREEENOEEEENIOEEEEE.
EREREERCOOO000NEEEEEE
EEEEEEEEIOOOENEEEEEEE
AEEEEESEEEEEEEEENEEEE
AEEEEEEEEEEEEEEEEE .
EEEEEEEEEEEEEENSEEEEn
AEEEEEEEEEEEEEEEEEN
ENEEEEEEEEEEEEEEN

Amplitude

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

5
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Array synthesis with Antenna Magus

Linear

Document_2021

TYYR| TYTR| TR

Rectangular (planar)

Circular

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

62 /775 SiIMmuLIA

Concentric circular rings

foilE T
v
)}{ T
Cylindrical
NhxNr

Triangular Other

M

N ﬁ/ ‘./ :/ i
}f/ﬂj{ ¥

AntennaMagus

Ele
11
21
22
23
24
25
26
27
31
32
33
34

Distribution Matrix Layout
||
w)
-
-
-
A :
" - s
:”r’_’» SRR e e e e
- e o - - e
I N Faread L o
-5 - - N .-
-5 Sy S N
T - A Y Y Y
- [ »® R o =
(ST - L
- » L e e e e
B e P e s
SO e S T Y e S
LS g T YT L e .
- .:Dn-’b’:.."

L L 3612e-3
3.095e-3
2.577e-3

Iz.osoe—s

1.542e-3

Layout can be
. . local 8 local W local

loaded directly into o 0t
0- 0°
the array task! or o
A1) ER 0* [/ 0
-166.7 mm 80.29 m| el2e-3 81.00° 0* ' '
-166.7 mm -80.29 mm 0 m 3612e-3 8100° 0- 0° 0
-41.18 mm -1804 mm 0 m 3612e-3 20037 0= 0- [
1154 mm -1447 mm 0 m 3612e-3 303.9° 0- 0° 0°
3701 mm Om 0m 3322e-3 180° 0* [ 0
3381 mm 1505 mm 0 m 3322e-3 1956° 0" o 0
2477 mm 275.0 mm 0 m 3322e-3 2306° 0* [ 0
1144 mm 3520 mm 0 m 3322e-3 3044° 0= 0- 0
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Project creation

Document_2021

[m[m|m]
(] _|m]
(m]m/m]

Create Unit Cell
Simulation Project

EEEEEEEN
EEEEEEEN

EEEEEEN
EEEEEEEN

EEEEEEEEEEEEEEN
EEEEEEEEEEEEEEN
EEEEEEEEEEEEEEN
EEEEEEEEEEEEEEN
EEEEEEEEEEEEEEN
EEEEEEEEEEEEEEN

Create Full Array

Simulation Project

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS
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Infinite array
(Active element pattern / impedance)

Finite array
(edge diffraction / surface waves)

5
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Simulation of Unit Cell E

Results automatically produced after parameter sweep of scan angles:

Active Input Impedance Active Element Pattern

dB(V/m)

S-Parameter [Magnitude in dB]

2 | SEEE = Observe the
N TR e scan blindness

BERRESL &

Scan Phi (deg.)

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Document_2021

farfield (f=3) [1(1)]
Type Active Element Pattern
Approximation enabled (kR >> 1)
Component Abs

k.

85 51 47 17 51 85 Output E-Field(r=1rm)
Frequency 3 GHz
Scan Theta (deg) Emax 21.82 dB(V/m)

2
w25 sIMmuLIA S BossauT
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Simulation of full array

Excitation options

1. Simultaneous excitation

> all the ports are excited together with the specified
weighting distribution.

2.  Sequential excitation

> each element port is sequentially excited and farfields
are combined in a result template with the specified
weighting distribution.

3.  Group sequential excitation

> same as the previous option except that only
reference elements of each group will be excited.

/775 SiIMmuLIA
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Simulation of large arrays

Simulation by groups

Task Parameter List (Amray)

? Mame

» Groupl (225 elements)
Group?2 (15 elements)
Group3 (1 elements)
Group4 (15 elements)
Group5 (1 elements)
Groupb (15 elements)
Group7 (1 elements)
Group8 (15 elements)
Group9 (1 elemenits)
Mot grouped (152 elements)

WO W W W W W W

5§SHWULM?

I nE
m

@B

HON

HON

Element Amplitude Phase

View View View | View
Change Vie

"K Fl

H 5o
3D

‘|."|EWv View

Reference

IEEEDEIBEEEEEEEEI element
ENEEEEEN
ENEEEEEEEEEEEEEEn
ENEEEEEEEEEEEEEEn

DS SESrENE
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Simulation of large arrays

Simulation by groups

> Elements excited according to the group references:

- farield F=12)[77]

- Farfield F=14) [93]

[:| farfield F=14) [109]

- farfield f=14) [413]

[:| farfield F=14) [429]

- Farfield F=14) [445] [ e

[:| farfield f=14) [749]

[:| farfield f=14) [765]
farfield F=14) [781

[i| farfield §=14) [aroup-comb-am-ph]

-3 farfield §=14.25) [77]

-F3 Farfield (PAA_FA_FREQ) [77]

[ farfield §=14.25) [393]

-F3 Farfield (PAA_FA_FREQ) [33]

-3 farfield f=14.25) [109]

-3 Farfield (PAA_FA_FREQ) [109]

- farfield §=14.25) [413]

-3 Farfield (PAA_FA_FREQ) [413]

-3 farfield f=14.25) [429]

-F3 Farfield (PAA_FA_FREQ) [429]

/775 SiIMmuLIA
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Simulation of large arrays

Simulation by groups

> Automated post-processing template:

&1 farield F=12) [77]

-3 farfield F=14) [93]

- farfield §=14) [109]

- farfield f=14) [413]

[ farfield §=14) [429]

- farfield f=14) [445] [ e

- farfield f=14) [749]

[:| farfield f=14) [765]
farfield F=14) [781

[i| farfield §=14) [aroup-comb-am-ph]

-3 farfield §=14.25) [77]

-F3 Farfield (PAA_FA_FREQ) [77]

[ farfield §=14.25) [393]

-F3 Farfield (PAA_FA_FREQ) [33]

-3 farfield f=14.25) [109]

-3 Farfield (PAA_FA_FREQ) [109]

- farfield §=14.25) [413]

-3 Farfield (PAA_FA_FREQ) [413]

-3 farfield f=14.25) [429]

-F3 Farfield (PAA_FA_FREQ) [429]

/775 SiIMmuLIA

HHHHHHHHHHH . 'H'"H"'H"'H"'H"'H'"H' . .@]

Ternplate Based Post-Processing X /-

General Results

Amplitude dlstrlbutlon

20 and 3D Field Results ~

Add new post-processing step... e
Result name | Type | Template name | Value | Active On,/Off |

I 1 | - Combing Results using amph 0D - Combine Results On (Parametric * | I

Phase distribution

360
320
280
240
200
160
120
80
40
0

A
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Simulation of large arrays

Simulation by groups

Document_2021

CRN e

H-~E3 farfield f=14) [77]
[+ farfield §=14) [53]
#-C3 farfield f=14) [109]
[-E3 farfield f=14) [413]
H-E3 farfield f=14) [425]
[3
[
[
[3

+-C3 farfield §=14) [445]
+-C fardield f=14) [745]
+-F farfield f=14) [765]
+-[g farfield f=14) [781]
i3 farfield §=14) bmup-cumb-am-ph]l—-—V
T Tamed =13.25 1771

+-F7 Farfield (PAA_FA_FREQ) [77]
+-F7 farfield f=14.25) [93]

+-F7 Farfield (PAA_FA_FREQ) [53]

[E
E
[
[
£ farfield f=14.25) [103]
E
[
[
E
E

]

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

+-Fy Farfield (PAA_FA_FREQ) [109]
+--Eg farfield f=14.25) [413]
+-Cg Farfield (PAA_FA_FREQ) [413]
+- farfield f=14.25) [429]
+-Cy Farfield (PAA_FA_FREQ) [423]

69 /775 SIMULIA

» Reconstructed farfield pattern of the full array:

Amplltude dlstrlbutlon

NN
LLLL LU L L L L L L]
SEEEEEEEEEEEEEEEE 0

Phase distribution

EEEEEEEEEEE 360
EENEEEEEEEEE

240

2
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Simulation of large arrays E

Comparison with all-ports simultaneously excited (for worst case scenarios)

Scanned to Scanned to
0=50’, $=0 0=50’, $=45"

0

-30
Full Array
Simulation by Groups

Ful Array
Simulation by Groups

180

I Good approximation!

270 180

2
3 simuLia 55 possauT
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Simulation of large arrays

KPI's over a solid angle of £ 50°:

Realized Gain; 25.6 - 28.5 dB

Frequency / GHz

14 14.05 141 1415 142 1425 143 1435 144 1445 145

14

Quick sweep over a high resolution

4

Cross-pol. Level < -12 dB

¥

of scan angles!

Sidelobe Level < -21.5 dB

14 1405 141 1415 142 1425 143 1435 144 1445 145
Frequency / GHz

-29

14 1405 141 1415 142 14.25 143 1435 144 1445 145
Frequency / GHz

/775 SiIMmuLIA
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Simulation of large arrays

Advantages of the simulation by groups

v" Useful if the required no. of scan angles > no. of element groups.
v" Allows for pattern synthesis with a large but finite antenna array.

v" Very fast post-processing step.

>
» PSS SIMULIA D?S-E@SSTSE%,ELST




Antenna radome analysis with

CST Studio Suite

Metallic Strips

7 - \_ o
n DS SIMmuULIA D?SE.?SSTSE%,ELST



Document_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

74

SATCOM antenna radome analysis

Multi-layer thin panel used to represent radome

I

Epoxy

,,,,,

Epoxy Honeycomb

2
3 simuLia S BossauT
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Radome KPIs

N 4
7]

BSE=7°

—— Without Radome
—— With Radome

-20

oy
=)

8

Directivity [dBi]

Ny

-30
-180

/775 SiIMmuLIA

Angle in Azimuth [°]

180

Directivity [dBi]

-150

arization

-60 0 60 120 180

Angle in Azimuth [°]

A
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SATCOM antenna radome analysis &E
L one i

20 . [}
BSE: 0.07 m, Side Lobe Degradation: 4 dB

0

-20

Directivity, [dBi]

AL E A
40 -1
i |

-60

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Document_2021

76 /775 SiIMmuLIA

2
DS SESrENE



nt_2021

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Docume!

7

Antenna placement analysis and optimization with

CST Studio Suite

Communication
Navigation

Glideslope

S _»
Weather radar | gcalizer

35 simuria  Detection S BossauT
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Antenna placement analysis and optimization

- Solver choice depends on antenna type, materials and electrical size
- Hybrid solution used to efficiently handle large electrical size
- Uni-directional hybrid approach sufficient for many cases

Most Complete EMAG Simulation technology

LF MF HF VHF

Electrical Size . O =) _
ADF  HF VHF ILS DME GPS RADAR  SATCOM

/775 SiIMmuLIA
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Antenna placement analysis and optimization

Hybrid solution used to efficiently handle large electrical size

Uni-directional .
 Uni-directional -

» When to use? 1
> Low reflection of energy
> Loosely coupled antennas
> Fast design exploration <99
» Unique Technology

> Time domain solver with PBA
» Complex CAD, broadband, dielectrics

Bi-directional
G
=

» \When to use? <9
> High reflection of energy
> Tightly coupled antennas
> Accurate impedance & farfield EE"

® > E
» Unique Technology 1

> Time domain solver with PBA
» Complex CAD, broadband, dielectrics

/775 SiIMmuLIA
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S
Installed VHF antenna performance analysis B E

VHF band: Radiation pattern performance @ 127.5 MHz

5 Installed on ideal ground plane Installed on open rotor aircraft
S simuLIA AN S
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Installed VHF antenna performance analysis ﬁ E

VHF band: Impedance performance

30 : 1 H
60 80 100 118120 137] 140 160 180 200
Fre Hz

2
DS SESrENE
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Installed VHF antenna performance optimization

VHF band: Induced surface current

Aircraft motors affect VHF

antenna performance \
\

Aircraft windows affect VHF
antenna performance

7S simuLIA PAY
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Installed VHF antenna performance optimization E
VHF band: VHF3 placement study

2
w25 SIMULIA S BossauT
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Installed VHF antenna performance

Antenna positioning with anchor sweep

Navigation Tree

ﬁ Schematic

g: Aszzembly

=~E3 Blocks

@ Open_rotor_Aircraft_1
@@ WHF_antenna_1
3 Extemnal Portz

-3 Probes

[ Results

/775 SiIMmuLIA

Anchor
Sweep
Assembly Constraint List
¥
~ anchorSweepParam
v 1 Comment:
“ Snaps:
~ Snap Anchor Points:vhf_2:anchor_vhfl
Auto Release:
Anchorl: Open_roter_Aircraft_1:Anchor Pointsivhf 2
Anchor2: VHF_antenna_l:anchor_vhfl
Raotation: 0
Distance: 0
Switched: O
w 2 Comment:
% Snaps:
v Snap Pararneter Sieep: Sweepl X
Auto Release:
Anchorl: Sequences Check
Anchor2: = Sequence 1
Rotation: Ao
Distance: Close
Switched:
w 3 Comment: Impark. ..
v Snaps:
~ Snap options. ..
Auto Release:
/ Anchorl: e
Anchor2:
Raotation:
Distance:
| ISwwtched:
e
|
) Mew Seq. Mews Par... Edit... Delete
=
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Installed DME antenna performance analysis
UHF band

Surface currents at 1.09 GHz

o

l Field source @1.09 GHz

>
s DS SIMULIA ;SEESSTSE%JELST



Installed radar antenna performance analysis
SHF band
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Installed SATCOM antenna performance analysis E

SHF band

Field source @ 14.125 GHz

Scan at theta 45 degrees
¢ 7S sIMuULIA D?gg@ng%Jé;r



Antenna placement analysis and optimization EE

Field of View Analysis

First order ray visualization of unblocked rays

30
40
50
60
70
80
90
100
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Theta / deg

0 50 100 150 200 250 300 360
Phi / deg

2
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Detection Analysis: Radar Cross Section

/775 SiIMmuLIA

Phi / Degree vs. dB(m~2)

dB(m~2)

B

' ' ' \
P (] [ et
5 B o o R @

b o e . |
= (=21 [ ¥] (v s X
i | FEEE TR ERR. i i

2
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Agenda

SIMULIA CST Studio Suite: industry focused solutions
Satellite antennas

Communication systems in aircrafts

Land-based RF and MW communications

Conclusion

/775 SiIMmuLIA
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5G Wireless Indoor Network Design

Smart Device

h .y

Network Coverage

Antenna
Placement

Electromagnetic _
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Antenna Array - Design Workflow

Identify PN

Evaluate

Antenna
Candidates ANTENNA MAGUS Candidates

/775 SiIMmuLIA

ANTENNADESIGN SOFTWARE

Antenna

Unit-cell
element

Active element
pattern for all
frequencies and
scan angles

Layout (2D/3D)
Amplitude
Phase

Construct

Full An

25

tenna
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https://www.3ds.com/products-services/simulia/products/antenna-magus/
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Domain Decomposition (D

Circularly Polarized Phased Array
(208 elements)

Narrowband (10.1 - 10.3 GHz)

Four repetition groups of model domains
Simultaneous excitation (array scanned
to 8=30", p=-45)

Phased Array FD-GP FD-DDM

+ 3 minutes + 1 minute

6x
-84%

34 GB

Document_2021

Solvertime per sample

Meshcells

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS

Speedup factor:

s \emory usage:

Memory (peak) 219 GB

* Note that due to the usage of repeated domains, the
Domain Decomposition method spends less time on
waveguide port calculations and mesh adaptation
than the General Purpose (GP) method.

95 /775 SiIMmuLIA

DM) Performance

Full PCB simulation
Narrowband (9-10 GHz)
82 ports

Hardware: 2 x Intel Xeon Gold 6248

(2 x 20 cores)

[ R T

Solvertime per sample * 33 minutes * 11 minutes

Meshcells

Speedup factor:

e Memory usage:

40 GB

Memory (peak)

2
DS SESREE
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Improved Support for Many Core Systems

Better simulation performance for open boundary problems (PML boundaries) with FIT- TD solver

Simulation speedup of V2021 vs v2020 (,x times faster)

o

s, AMD EPYC 7601
3 Vv

c% 2.2

z Intel Gold 6148

S 2

é 18 Intel E5-2620v2 E5-2697v4 l

@D 16 Intel E5-2660v3

14
1.2

0 10 20 30 40 50 60 70
Cores / Threads

—o— 4 Mio. -e— 5 Mio.

/775 SiIMmuLIA

Intel vs. AMD comparable performance

1.10

1.05

< 1.00

15)

1<5)

o3

n
) I I
0.90

2x Gold 6148  2x EPYC 7601

DS SESrENE
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Automated MPI-CPU Setup for Large Projects

» Simulations with mesh sizes greater than 2 billions:
> Automatic MPI setup without user interaction
> Previously only possible with manual MPI setup

» MPI will be enabled automatically if the limit of 2 billions is exceeded
> Local MPI in case of regular simulations
> Several simulations per compute node in case of MPI simulations

» Available for FIT-TD and Wakefield solver

/775 SiIMmuLIA
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SIMULIA Electromagnetics Cloud Compute

3DEXPERIENCE

R2021x FD04 as Controlled Availability and in R2021x FDOS5 as Global Availability

R s 5
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]

Ray Based Field Monitor (GO)

Obtain 2D near field results using Geometrical Optics (GO) which is much
faster compared to the Physical Optics analysis.

Electric field magnitude at 3.6 GHz
at height of 1 m above factory floor

/775 SiIMmuLIA



Indoor Network Coverage

2D Ray Based Field Monitor (Geometrical Optics much faster compared to the Physical Optics)

Electric field
magnitude at
3.6 GHz at
height of 1 m
above factory
floor

Document_2021
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5 @ Wireless Access Point location L _ _! Areas of potential poor coverage
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Electric field magnitude at 3.6 GHz at height of 1 m above factory floor

Indoor Network Coverage

5 @ \Wireless Access Point location >
01 2S SIMULIA DS eassaur

SUSTEMES



5G mm-Wave Antenna Postprocessing i

Simulate all mm-wave ports

© Dassault Systemes | Confidential Information | 8/4/2021 | ref.: 3DS_Document_2021

Three 4-element
\_ Mm-wave arrays )

>
102 2S5 SIMULIA

oG

oG

mmWave CDF+sPD

matiav || G T e et e
(" Element Codebook: Outputs: )
fields beam set-up TSP, CDF, EIRP
7GR [2ER EEnE e N E—— - A

= F00s VU
Power density )
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Human Simulation Models

The right choice of biological model is essential for the reliability of a medical simulation

Anatomical details:

Ve
: heterogeneous CAD %
models /s .
f homogeneous
2 models
CST Voxel
Family
\_

>
03 2S5 SIMULIA

Material properties:

Frequency dependent EM
properties (Cole-Cole)

Temperature dependent EM
properties

Temperature dependent
thermal properties

D?S DASSAULT
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Population Model Library

The Voxel Family

Nelly
(Female
Visible
Human)
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Surface bio-models of
children of different ages

2
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Female Visible Human — Breathing Sequence

Power loss density @300 MHz due to
plane wave front

/775 SiIMmuLIA
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Posable Ear for Tom Model & Cochlea

_ \

i

Hearing Aid Compatibility L
of Mobile Phone according «l forors e

C By 2.0)-

tO ANSl Standards v » ' orgllicenses/by/2.0/ -

original image

Hearing Aid [
simulations b
canal and defeme

>
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https://www.flickr.com/photos/78428166@N00/10178759354
https://creativecommons.org/licenses/by/2.0/

New Posed Homogenous Male Models

Arms Down Arms in Front o Body Scan  Right Hand Mobile Walking

>
w0 2S SIMULIA D?SE@S%;E%JELST



Voxel Model Posing
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Specific Absorption Rate (SAR) e

» Maximum local SAR located in left arm o]
> SAR limit (extremities) = 20 W/Kg o=
> Max. permissible input power P, = 103 W o0
> Input power scaled to SAR limit for subsequent temperature simulation 333333;

10g-averaged SAR in coronal and transversal slice

/775 SiIMmuLIA

Images courtesy of Erwin L. Hahn Institute of MRI and DKFZ (German Cancer Research Center)
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Simulation vs. Measurement

Simulated phase shims, |B1+|, in uT
Male, 1.85 m, 95 kg Male, 1.74 m, 70 kg Female, 1.6 m, 58 kg

Measured actual flip angle distribution in degrees
Male, 1.86 m, 100 kg Male, 1.83 m, 82 kg Female, 1.65 m, 64 kg

5 : :
7S simuLIA Images courtesy of Erwin L. Hahn Institute of MRI and DKFZ (German Cancer Research Center) D?Y
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Network Coverage

/775 SiIMmuLIA
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