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WHAT IS ELECTROMAGNETIC COMPATIBILITY?

legal regulations legal regulations
E ((‘I’)) * Electromagnetic environment

legal, function safety

Emission
and quality reqgulations

lEmission
Immunity@/

Device 1

J

Device 2

Immunity
/bo\ /I

Coupling path

legal, function safety
Emission

and quality requlations

Emission
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EMC: SOURCE - PATH -RECEIVER MODEL.

a3 o

» Communication services The coupling path:

» Narrow band senders

> Intentional sources Mductim
> Capacitive

Emission
Not intentional sources: >0Uree
g POW(l?I’E!ECtI’OﬂICS strictly coupled to the
» HF circuits not intended parasitic
> |C circuits behavior of devices
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» Conducted broadcast

> Radiated Susceptible
receiver

Frequency range of interest:
» from 1 Hz (LF EMF exposure protection, ICNIRP)
» Up to 6 GHz (modern communication bands)

Usually low-power
circuits, logic and

il



EMC SIMULATION: SOURCE - PATH -RECEIVER MODEL (1/3).

1. Simulation of electromagnetic emission sources (example: electric powertrain)

> The devices operate at relatively low frequencies.

> The devices generate the emission up to several
hundreds MHz including (UKW and DAB bands).

> EMC model for power electronics:
« 3D model of interconnections;

* 3D or 2D model of PCBs;

 (ircuit-level model or MOR models for the ICs
and function schematics;

« 3D models for EMC filters.
» Domain

« Time domain: long scale simulation RN -

fEOC e —
o ood

«  Frequency domain: no functional simulation -
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EMC SIMULATION: SOURCE - PATH -RECEIVER MODEL (2/3).

Transfer impedance (Measure for shielding of cables)!

2. Simulation of the coupling path in a vehicle. 1

» Path though the harness: 2.5D
 Total length may be several km; TL models
« The cross-sections are electrically small;
 Large number of wires in a bundle;
 Shielded cables (i.e. HV System); 3D models

> Path though the chassis and package:

 The chassis has own eigenmodes and may
radiate;

 The chassis is usually exited though the
harness;

» Grounding connections.

3D models
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EMC SIMULATION: SOURCE - PATH -RECEIVER MODEL (3/3).

3. Simulation of the emission receivers.

~

R e e
TTIIT : R

Receiver = Device Receiver = Environment .

~Han |

innnna
innnna
i
i
§

intern extern

Receiver . .
Receiver is an immunity component models Typical EMC measurement equipment
according to legal requirements:

> Antennas for RE

> LISN for CE

> Magnetic field probes for ICNIRP

> Human body models for ICNIRP

» Simulation volume ~ 10-30 A (A = c/f)
> Mesh step: 1 /10

» 3D model of vehicle antennas

> 3D model of interconnections;

> 3D or 2D model of PCBs;

» Circuit-level model or MOR models for
> the ICs and function schematics;
> 3D models for EMC filters.
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THE CHALLENGES AND TRADE-OFF OF EMC SIMULATION.

» Wide-scale problems:
= Functional process may be about 1 Hz, while the EMC interest is up to 1GHz
= Trade-off: a functional EMC model up to 30 MHz vs. a pure EMC full-wave model

» Multiple method model:

= Hybridization of solvers (i.e. Design Studio, IDEM, Microwave Studio, (- ss-section of the FEM mesh for a vehicle
Cable Studio, PCB Studio) in the EMC chamber

» Mesh for EMC models:
= Trade-off 1: EFIE/MPIE methods vs. FEM/FIT/FDTD/TLM
EFIE/MPIE: full-filled matrix for only conductors
FEM/FIT/FDTD/TLM: sparse-matrix for total volume
= Trade-off 2: 3D model (CST MWS ) vs.
TL-theory based hybrid model (CST CS + CST MWS)

<1/10

Resume: EMC model may be built very different!
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APPLICATION OF THE EMC SIMULATION IN THE DEVELOPMENT.

Initial Early-phase Series

research development development

Analysis of EMC

(

Quick check Derivation of : Virtual
I problem
\

of ideas requirements EMC test

Reduction of the
test-vehicle number

Simulation of early prototypes or

of the prototypes from the old generation

Simulation of serial prototypes
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EXAMPLE 1: SIMULATION OF iXIN THE ECE-R10 SET-UP (1/2).

> Toolchain:

CST Cable Studio - CST Microwave Studio - CST Design Studio.

Mesh: hexahedral

Domain: time domain
> Goal of the Simulation: Understanding of a resonance at about 53 MHz,
» Components:

ANV AaATAT @

<

 Black-box models extracted from validated 3D models;
« HV battery: 3D model.
> Source of emission:

HV/12V DCDC converter.
> (Observations:

 E-Field corresponding to

ECE-R10 set-up.
« 3D Current distribution.
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EXAMPLE 1: SIMULATION OF iXIN THE ECE-R10 SET-UP (1/2).

3D Current distribution at 53 MHz E-field distribution at 53 MHz

dB(A/m)

-
i

€S

surface current (f=53) [cosim Tran1] &

Frequency 53 MHz
Phase 0°
Maximum (Solver) -35.6373 dB(A/m)

Frequency
Phase i
Maximum (Solver) 163298 V/im

Analysis:
» (M resonance in the component overlap with a resonance in the grounding system of the engine compartment.
» These resonances result in the radiation of E-field.
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EXAMPLE 2: SIMULATION OF iXIN THE SET-UP ECE-RTO0 RI (1/2).

Open boundary conditions

E-Feld

«—0

100 V/m
Horizontally polarized
CST model: plane wave

Open boundary conditions

Conductive ground

> Toolchain: only CST Microwave Studio.

» Mesh: tetrahedral.

» Domain: frequency domain.

> Goal of the Simulation: proof of the possibility that E-field may increase under the vehicle due to resonances.

> Components: Black-box models extracted from validated 3D models.
» QObservations: E-Field according ECE-R10 RI set-up.
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EXAMPLE 2: SIMULATION OF iXIN THE SET-UP ECE-RT0 RI (2/2).

Result of the simulation:
The E-field may increase up to three times.
This statement was validated with measurements.

e-field (f=1050) [pw]

Orientation Qutside
Component Abs
Frequency 1050 MHz
Phas: 0°

Cross sectio A
Cutplane at Y 0200 m
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EXAMPLE 3: SIMULATION OF iXIN THE SET-UP ECE-R10 RE (1/5).

> Toolchain:
CST Microwave Studio - CST Design Studio.
Mesh: tetrahedral
Domain: frequency domain

A
Vi
4

> Goal of the Simulation: Analysis of resonance behavior.

» Components:
 Black-box models extracted from validated 3D models;
« HV battery: full-wave 3D model;
 Rear HEAT: full-wave 3D model (including E-Drive);
 (ables: 3D models (see next page).

» Source of emission: Switching noise in the rear HEAT. Emission Source

-Jyg g

» Observations:
 E-Field corresponding to ECE-R10 RE set-up.
3D Current distribution.
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EXAMPLE 3: SIMULATION OF iXIN THE SET-UP ECE-R10 RE (2/5).
Explanation: 3D cable modeling in SIMULIA CST Studio Suite ab 2022 as Preview.

ACCESSING THE FEATURE (2)
CST Studio Suite 2022

W ONWY
< PRF{:\EE\O\\\P‘\'“\(
3D MODEL FROM

CABLE CROSS-SECTION [

Important tester information — CST Studio Suite 2022

» The exported cable can be found in the regular
Navigation tree

* Note that the materials were also assigned
» Shield information can be found in the

p’S DReREE D1 The 3DEXPERIENCE Company

N1- N2

@ Source: DS S passaur

Version 1.3 November 2021

> This simulation was done in 2019-2020 as outrunner of this functionality.

> This simulation example use the same method as in CST 2022, but with manually created cable models including
measured transfer impedance models for shielded cables.

SIMULIA Regional User Meeting, Hanau | 03-05.05.2022 | Dr. Sergey Kochetov -14-



EXAMPLE 3: SIMULATION OF iXIN THE SET-UP ECE-R10 RE (3/5).

In the example: transfer impedance model as a “tabulated surface impedance”:

Z-Parameters [Magnitude] Tabulated Surface Impedance x

Surface impedance
Fitting scheme:  nth order [[Juse data in frequency range

‘ | | Transfer Impedance (1)

Max, order: |1° | Error limit: |0-1 ‘
Used order: |U | Error: |0.01563 ‘

Transparent sheets Details, .,

Freq, [MHz] Resistance [Ohm/sq] | Reactance [Ohmfsq) | Weight ~
0 6,0606831573423e-05 2,9055317601070e-09 1.0
0.001 6,0602908276266e-05 -2,9253065483506e-07 1.0
0.0010115911122238  6,0602820293223e-05 -2,9595363043574e-07 1.0
0,0010233165783302  6,0602730299366e-05 -2,9941624015763e-07 1.0
0.0010351779556302  6.0602638248289e-05 -3.0291894214522e-07 1.0
0.0010471768194855  6,0602544092509e-05 -3.0646219981418e-07 1.0
S ,, R 0,0010593147635184  6,0602447783440e-05 -3,1004649191120e-07 1.0

0.1 0.2 0. 1 235 20 40 100 0.0010715933998227  6,0602349271373e-05 -3, 1367226257446e-07 1.0
Frequency / MHz 0,0010840143591783 | 6,0602248505442e-05 -3, 1734002139483-07 1.0

A ARIAAEETATALIETE £ AEATIAEATIEAES AE 2 TIAEATAZATIEAM AT 10

Impedance / Ohm

;omponent1:shield
Material surf

Type  Tabulated surfaceimpedance
Sheets  Transparent

v

Load File... Delete Clear List

Cancel Apply Help

» (ST2022: transfer impedance model as a "thin panel”.
> The "thin panel” material for 3D model is automatically generated from a CST Cable Studio model.
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Too much effort

Cross Viewer

+Q|s < 8@
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EXAMPLE 3: SIMULATION OF iXIN THE SET-UP ECE-R10 RE (4/5).

Result of the simulation: E-field radiation from power semiconductors to antenna.

1

0.1
0.01
0.001

0

e-field (f=40.738) [AC1]

Orientation Cutside

Component Abs

Frequency 40,738 MHz

Phase o=

Cross section A

Cutplane at'¥ 0.000 m - i
Maximurn on Plane (Plot) 440514 V/m e T . . (LEL "
Maxirnum (Plot) 362854 V/m 1 I © I | R | | .

e

L8

/A
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EXAMPLE 3: SIMULATION OF iXIN THE SET-UP ECE-R10 RE (5/5).

Result of the simulation: full distribution of the HF current:

> Current in the power module, E-drive windings, drive shaft, battery cells, cables;
> Validated CE and RE results.

Created using
SIMULIA CST Studio Suite®

surface current (f=40.738) [AC1] & ;
Frequency 40.738 MHz i
Phase 0° E

Maximum (Plot) 16.5078 A/m e
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CONCLUSION.

> Today, the EMC simulation becomes more important for the automotive development.

> [t brings the benefits for the early phase analysis and for the analysis in the series
development.

> The EMV simulation of the vehicle sub-systems is possible with reasonable computation
times.
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