EM-Twin Automotive Tutorial

Antenna placement on the Roof of a Truck
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Overview

* New project creation

» Using the automotive Wizard

« 3D CAD model import

» Antenna digital twin creation

» Field source placement & alignment

« Simulation set-up

* Model set-up
(material definition)

« Simulation

* Near- & Farfield
evaluation

T e YT
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Truck with antenna digital twin on roof
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Start

w Project Wizard

New Project
General

Structure Type

Jrawing Unit

Start EM-Twin
Select “New Project
Set unit: 1mm
Press OK

Press Save as &
create a storage folder and
enter file name, Fle Edit
e.g., “RoofAntenna_Truck”
Press Save

Fren!
”
End Frequency

Target Freguency
Iculation

Dielectrics

Conductors

EM-Twin 9.1.0 - draft 002.emt (New Project)

View Selection

Project

vEDIM®B
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Open Project

Standard
EM
1

lossless

lossless

2D Design

Examples Templates Tutorials

Application Notes

| beg Import 3D CAD data into Empire XPU
{MP‘E Open the Getting Started Manual

— be Export layout data from Empire XPU

{Mpﬁ Open the Full Manual beg Import layout data into Empire XPU
beg Calculate far field radiation patterns
our Empire Youtube Channel
be Far Field visualization
beg Meshing and Discretisation
b Parametric objects and values

beg Variation and optimization of parameterized models

Utilities Help b Distribute different simulation jobs to servers

3D DeSlg bes DFT: Signal Resonance Estimation

Simulation Ge i : X )
@ Project migration from CST to Empire XPU

beis Project migration from HFSS to Empire XPU
beg Filter Synthesis Template and full wave analysis
b Thermal simulation
bei Conformal Dielectric
b Multi PC Solver

Read-Protected Part



Wizard step 1. CAD Import

EM-Twin 9.1.0 - D:\2024-08-EMTwin\EMTWIN-tut1\RoofAntenna.emt
File Edit View Selection Utilities Help

2D Design 3D Design Simulation

Project Simulation General Edit

B EMB o @ <
/ {2 Groups

Y CAD Import

Select your preferred CAD Import Method:
CAD Import

+ Click on the icon “EM Twin Wizard” ([T ' Nes Sk e S

* Click on ‘CAD Import’ and locate the ‘ e
STEP flle G N General Faceting Options

“Volvo-Truck_and_Trailer 1.stp” " = weeRadus  OF

Surface Tolerance Auto

Healing Options

i Acce pt Defau ItS y O K Remove Sliver Faces

Stitch Faces

* Click Close once the import is o st s
finished and continue with Next y

Group depth As Original

Auto Close Log Window

Create Detailed Log Files

oK Cancel
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Wizard step 2: Conductor assignment

EM Twin Wizard

Assign Group Materials

Name
~ ® Groups
e B 2001

“ Objects Physical Property

0 conductor prio 200

r e - Volvo-Truck_and_Trailer 1 0 conductor prio 200

* Double click on Physical Property of Volvo-Truck... parent group

and change to Steel: |
* Select Database
* Select Steel-1010
*  Press OK

Property Editor - Conductor

~ Material Property Database Info

= Dielectric

= Absorber 4 A\on_
¥ Advanced Aluminum
{— Advanced Material Copper
=bye Material General
Metal

= Meta Material Steel

{— Gabriel Material — Cast-lron
— Conformal Dielectric Iron-Element

t— Metal Sheet Stack [— Steel-1008
Steel-1010

Steel-Stainless

Drude/Plasma Script VAC
» Circuit Property Wit

~ Material Scripts
— Material Script

The Physical property of the top group is inherited to all Sub-groups.
This property is changed from PEC (default) to steel.
B £ Toin Wizs

Assign Group

~ ® Groups
o B zom
)
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“ Conductivity (A/V/m) Thermal Conductivity User Dat

1.500e+06
1.030e+07
7.6900e+06
6.9930e+06
1.100e+06

Objects Physical Property

conductor prio 200




Assign Group Materials

« Open Group Volvo-Truck... Ml = .-

@ [ 2001

« Open Subgroup Volvo_Truck fj e =0 = 9 Il Yobo-Tuck ondToier

~ @ [l Volvo-Truck_and_Trailer

* Right click on the group ...Deflector ' 9 5 Vobo_Tailr

i . Volvo_Truck

« Choose ‘Edit property’ - N NN e
+  Select Dielectric | '
+  Enter 3 for permittivity*
*+ Press OK

Objects Physical Property

conductor prio 200
conductor name Steel-1010 prio 200 sigma 6993000.0 t autc

dielectric name Dielectric prio 100 epsr 3.0 tand 0.0 sigma 0.

L . Truck Seats

— @ Truck Wheels Rim
. . Truck Wheels Rubber
® B Truck Windshield Windows 3 dielectric name Corning-Glass prio 100 epsr 5.75 tand 0.004

B I - A T — T — T — Y -}

L Truck Interior Base
t ® W Truck Main Cap

» Right click on the group ...Windows
* Choose ‘Edit property’

Select Dielectric

° Se|eCt Database 'Pmpsrty Editor - l}ls;eclri(
+ Select ‘Common’ v Material Property General DatEbas8Y Info
° Select ‘Cornlg Glass’ Conductor Nam’b\eI “ Permittivity Loss Tangent, tan(§) Thermal Conductivity =User Database
b Arlon
— Absorber
¢ Press OK ~ Advanced T Comreron
{— Advanced Material 60 . HEERIEEED O
I Debye Material = Alumina 94 4.00E-04
e = Alumina-(99.5%) 9.90000 1.00000e-04
H — Drude/Plasma Material i ) i N )
« Switch off group ...Deflector - Veta Materi Aurmine-52-pe
Gabri . = Alumina-96-pct 94 6.00E-03
. I~ Gabriel Material o -
° P reSS next and CO nfl rm |- conformal Dielectric Aluminium-Nitride-AIN 8.8 3.00E-04
L m e | Bakelite 4.80000 0.00000e+00
. etal Sheet Stack ) )
Changed g rou p Settl ngs ~ Material Scripts Beryllia 6.5 ) 4.00E-04
5 5 [~ Bone 12.66100 0.00000e+00
= Material Script
- 3 = Brain 38.11100 0.00000e+00
Drude/Plasma Script
= CEM-1 4.40000 3.00000e-02
Circuit Property
* . Thermal Property = CEM-3 3.90000 2.50000e-02
To use e.g. Anyl as material f= Corning-Glass 575 470E-03

Mesh Property

Advanced Property [~ Diamond 5.68000 0.00000e+00
e — FR4 4.9 2.50E-02
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Wizard step 4: Create & place source

@) EM Twin Wizard ? X

« Select option Convert R+S Format . D Pl

* Locate folder “Source-data” and Comert Res Format (folder contaning NFFF_InputData and NFFF_OutputData)

left-click on folder name ﬂ@\\ S
(CarFin_1deg) '9!

» Choose 3500 MHz as import
frequency

« OK

» Click Close once the import is
finished

This way, the source file for the

antenna digital twin “3_5GHz.surf.dat”

is created in the project folder. Vy/ ——

The 3D radiation patternof the source [H. o

is shown in the Wizard o

 Click “Place and Setup Aritenna w
Field Source”

(@\\\

o Configure Antenna Field Source

- Rotate Antenna Field Source

Rotate Structure and Antenna Field Source for Simulation

< Back Next >

"AUT Directivity 3500.000000MHs, NoProbeCorr.cut” files to Empire Fa
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Wizard step 5: Field source placement

« Click on Top View (xy) - %

» Zoom to front

Left click on a x=1000, y=0

I
S
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Wizard step 6: Field source placement

The antenna was measured in the chamber with an

alignment where phi=0 (x-direction) was aligned with
the forward facing sharkfin antenna module (see
picture below)

Within the digital antenna twin field source placement, the u-
direction corresponds to the x-direction in the measurement (v
corresponds to y and w to z).

As the sharkfin module should also be facing forward when using
the antenna digital twin source, the u-direction must face forward.
By picking a point the w direction is pointing normal to the
surface while u and v are not fixed. If u is not parallel to x the
Antenna Field Source can-berotated.

: : ) |
f S
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Wizard step 7: Field source placement

« If u vector is not aligned with x:

« Select ‘Rotate Antenna Field
Source’

« Keep w as rotation axis

« Enter a rotation angle so that u is
pointing to front of truck

 Press OK

Library Editor - Antenna Field Source

Field Data

E+H-Field Surface File CarFin_1deg_3500MHz.surf.dat

Port
Port Number pl= 1
Port Excitation ple= On
Power Measurement Oversize osz= Tight
General
Relector Box Size Off
Disable Sides Zrmiin
Action

Rotate Structure and Antenna Field Source for Simulation
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EM Twin Wizard ? X
Place and set up Antenna Field Source
Convert R+S Format (folder containing NFFF_InputData and NFFF_OutputData)

Convert EMPIRE 2D-near-field Format (“Farfield_*" file)

Select Surf-Dat File: Carfin_1deg_3500MHz.surf.dat

18 Place and Setup Antenna Field Source

Remove Antenna Field Source

< Back Next > Cancel

« Select ‘Configure Antenna Field Source’
« — Choose General -> Disable Sides: zmin
« Press OK

The zmin side of the field source must be disabled as
the antenna was measured on a large metal ground
plane



Wizard step 8: Structure rotation for
simulation

Radiating field sources are box-shaped objects

that need to be properly aligned with the

Cartesian coordinate systems.

This is usually not the case as the field source : ————

is aligned with the normal vector of the roof = S ———
surface Ui 7% \ ' Convert EMPIRE 2D-near-field Format (*Farfield_~" fie)

Select Surf-Dat File: CarFin_1deg_3500MHz.surf.dat

EM Twin Wizard ? X

* Click on ‘Rotate Structure and-Antenna Field
Source for Simulation’

» Click OK if message “No Rotation is
required”

 The Field source is now
properly aligned with the car
and the mesh for simulation

* Click Next

11 Sep-24 © IMST GmbH - All rights reserved



Wizard step 9: Simulation set-up

EM Twin Wizard ? X

* The meSh Settlng has an Influence - — Setup and Configure Simulation, Mesh and Field Monitors
on the accuracy of the results Z S ovsew
® Optlon Coarse (10/3) |S a gOOd 7 i;rrt::r:e::zcy instenna Field Source

starting point for initial investigations 0
« Depending on the user’s available o

computing power, finer meshes can - = —
be Selected Iater > " \! All Conductors Meshing Setup | | Bounding Box only
2 =y = All Dielectrics Meshing Setup Il off

» Click Finish to terminate the Wizard ————
and return to 3D Design Dilctrcs )
« Switch on all groups v U — e
« Select Iso z view y R
() Save 3 Add Near-Field Monitor Planes: vX VY VvZ

Finish

12



Wizard step 10:

Open Group Volvo-Truck...

Open Subgroup Volvo-Truck...
Right click on Volvo_Trailer

Select Delete, Yes

Zoom extents

Click Simulation Setup — Mesh Tab
Checkmark “User Defined
Simulation Box” and enter values
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. (L ]
r @ ‘i | | #001 (conductor Prio 200)
~ ® I || Volvo-Truck_and_Trailer 1 (1) (cor
—ags Height: z
~@ Steel1010 (con
~ ® [ ‘= | | Volvo-Truck_and_Trailer (2)
 Height: z=0.0...1000.0
r® W 'l Volvo_Trailer (3)
~|® [ W | | Volvo_Truck (8) (conduct
g Height: z=0.08...1800.0

v User Defined Simulation Box
Xmin -1500.0
¥Tax 1500.0

WImin -1600.0

Yimax 1600.0

ZImin

Zmax 1000.0




Wizard step 11: Model discretization

Mesh
» Click on Create Mesh to discretize the model
« The 10/3 setting leads to hexahedral cells roughly 7 mm in size
* Model complexity is approx. 80 Mcells
» Switch to 2D Design mode and Select Front view

Fil.  Edit View Selecti.~ Utilitie:

2D Design
Advanced

L o0 LELELE S8 DI SFH @R & 8k

[9Iy+
i I | 2001 (
> [ [l i | | volvo-Ti
i | | AntField

»
+ Mesh Info (Cells: 79.8M)
+ Field Monitors

L variables

GmbH - All rights reserved



Ltilities  Help

Step 11: Simulation

PER AR @A o od
1. Press Icon Start Simulation R " """

I |4 #001 (conductor Prig

v (9l ‘W (14 72175_audi_Rs4_JREEEIE ) - ,
2 P reSS O K , B - starts the automatic meshing (if not disabled)

+ AntFieldSource (3c7] . .
- B - saves the current input file
¥ Mesh Info (Cells: 7.3M) : :
« Field Monitors - compiles the structure (pre-processing)
FIELDMON 1 (P FIRE, - starts the simulation

- generates results (post-processing)

onvergence (E-Fieid)
onvergence (H-field]

e (ds)

FDID Encrgy Convergens
|

Simulation log output at startup Energy convergence shown during simulation

Simulation stopped after 30 dB energy decay reached,
postprocessing started

—nZ -
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3D Results: Far-field pattern

1. Switch to 3D Results
2. Adjust Transparency
3. Open Field Monitors

File Edit Utilities Help EM-Twin 9.1.0 (buid 23212

2D Design 3D Design Simulation 2D Results 3D Results

LR Qe

4. Turn off planar ;
EM Fields :

Variables

: : |
r S
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3D Results: Near-field distribution

Turn off EM Farfield, turn off group Volvo-Truck...
Turn on Field Monitor 2
Edit Field Monitor 2
Animation Loop Type: Real
Front View

2D Design 3D Design Simulation 2D Results 3D Results

akwbhpE

Proect =3 Display

“ PEER 00 @OLLLELEY QXS W i@ o G [FEE

raups
9 001 (conductor Pri
9 Volvo-Truck_and_1
B volvo-Truck_and
9 Volvo_Truck (¢
= Truck Draft |
@Truck Interic |
ESTruck Interic
@ Truck Main C
@Truck Seats
@S Truck Wheek
il | @¥Truck Wheek
== Truck Winds!
sl ) @9 AntFieldSource
~ Field Monitors

FIELDMON 1 (Planar EM Field)
)

FIELDMON 3 (Planar EM Field)

» O B FIELDMON 4 (EM Farfield)
“Variables

i

"

\“\\- SRS S L L SSE NS | YAEA
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3D Results: Near-field distribution

Turn on Field Monitor 3 (Animation Type: Real)
Top View
Turn on Field Monitor 1 (Animation Type: Real)
Side View

WP

—

Top view -

Bt ev.—r'(""/
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