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ELECTROMAGNETIC SIMULATION
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A Automated Precision
A Automated Mesh
A Automated Accuracy

i Meshing algorithm adaptively refines mesh throughout geometry
i Ilteratively adds mesh elements in areas where a finer mesh is needed to accurately represent field behav®

A Resulting in an accurate and efficient mesh

ADAPTIVE MESH REFINEMENT
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ANSYS SIMULATION TECHNOLOGY
ISO 114521 Example BCI

REAL EMC TEST VIRTUAL EMC TEST

EMI=o{LZ tLZ t/ .3 !yaSyyls /I 06fSax



| .
EMI/EMC

Electromagnetic compatibilit{EMQ is the branch of electrical engineering concerned with the unintentional
generation, propagation and reception of electromagnetic energy which may cause unwanted effects such
aselectromagnetic interferenc€EMI) or even physical damage in operational equipment.

4[ radiation ]

[
[
_[ EMI ] —{Power line conduction noise]
[
[

Radiated Electric field interference ]
Radiated Magnetic field interference]

Signal line conduction noise

4[ conduction ]—

[ EMC ] —[Cable radiation ] [Powerdisturbance]
L. | Radiated Electric field immunity |
radiation —:
[Radiated Magnetic field immunit)ﬂ
EFT/burst measurement]

[

{ EMS }j_[conduction ] ——| Surge measurement |
—
[

]
Power line harmonic wave ]
)

Voltage fluctuation flicker

RF conduction immunity |

Voltage dip/fluctuation measurement]

4[ Electric static discharge ]




INDUSTRY STANDARDS

I Conducted and Radiated Emissions: i
A CISPR 14 Industrial Scientific and Medical
A CISPR 14 Appliances =1
A CISPR 1&lllumination S ™
A CISPR 22 Information Technology = ;
A CISPR 26Embedded (Automotive)

I Conducted and Radiated Immunity:
A 1EC 6100@-2 ¢ Electrostatic Discharge (ESD)
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TRADITIONAL WORKFLOW

Do design following Build prototypes PCB Integration
some EMC rules and do bench tests

Design
Review

Perform EMC
Tests
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EMC Simulation Effort

Easy simulations with good benefits
A EMI Scanner

A Geometry Based EMI Rule Check A
A Board level, passive behavior:

A Trace impedances

A Plane impedances

A Resonances

A Loop inductances

A Filter Design

A SYZ parameters

A RFCosite

Considerable effort

A Transient signals that depend on driver
models

A Switching behavior
A Real Waveform
AIBIS, SPICE Models
A Near and Far fields from PCBs

Benefits

Simulation Effort

A great deal of effort

A PCBt+ Cable + Housing

A Full EMC Environment
A Anechoic Chamber
A Absorber Elements
A Antennas

A Too many variables
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EMI Scanner

A ANSYS EMI Scanner
b Geometry based EMI, SI, and PI rule checker for Printed Circuit Boards (PCBSs)
b Provides insight into common boartevel EMI violations and bespractices

A What does it do?

b Checks design for violations of important EMI rules
A Contains rules for the following elements:
Signal nets (including differential pairs)
Power/Ground planes
Vias
Decoupling Capacitors

b Decreases time spent manually reviewing PCBs for EMI compliance and ensures
basic EMC design consistency across products
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Electromagnetic Interference Rules

A Signal Reference
Tt Net Crossing Split
1t Net Changing Reference
1t Net Near Edge of Reference

A Wiring/ Crosstalk
Tt Critical Net Near 1/0 Net
Tt Exposed Critical Trace Length
Tt Critical Net Isolation
1t Critical Differential Net Matching

Net Near Edge of Reference

Net Changing Reference

T

A Placement
1T 1/O Filter Distance
1t Distance from Oscillator to Clock Driver = Violation!
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Slwave¢ XTALK Frequency Domain

FarEnd Crosstalk @ 40GH
Green = Pass
Orange = Warning

ANSYS
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SlwaveXTALK Time Domain
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FILTER DESIGN

A filter is usually designed at the entrancelud systemto supressnoise ANSYS helps desigiitersincludingthe real

componentbehavior.
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FILTER DESIGN

Parasitic Effects reduce the performance of a filter
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EMC Simulation Effort

Easy More Effort

A EMI Scanner A eneiit A Transient signals that depend on
A Geometry Based EMI Rule Check driver models

A Board level, passive behavior: A Switching behavior
A Trace impedances A Real Waveform
A Plane impedances AIBIS, SPICE Models
A Resonances A Board + cable + housing
A Loop inductances A EMI
A Filter Design A Full EMC Environment
A S-parameters S A Anechoic Chamber

Simulation Effort A Absorber Elements

A Antennas
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EMI/EMC Applications

Conducted Emissions
Radiated Emissions
Radiated Immunity
Crosstalk and General EMI
Lightning and ESD

RF Immunity

N o Ok 0N PE

Summary
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Conducted Emissions
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CONDUCTED EMISSIONS ANSYS Test Bench Model

CISPR25 Standard

200

T
I
I
i
I
I
-
-

NG

- | m

100 min. :
:




r=3

| I #% Cut ¥} Undo

=3 Copy (™ Redo
Save N
(@ Paste X Delete
Desktop View Draw Model
Project Manager

Workflow P

W3 File Edit View Project Draw Modeler HFSS Tools

Select: Object
@ Select by Name

gnl-3DN

dow Help

- ® Q’Pan
® B '}- Rotate ~

Zoom
® + [ orient ~
Automation

Simulation Results

HFSSDesign1

OQ; CISPR25 CE

- Modeler]

@) Fit All

O\\ Fit Selected

= o_startt

g8 HFSSDesign1 (DrivenTerminal)
— 3D Components

48 Model

(2] Circuit Elements

-9 Boundaries

-#% Exdtations

&P Hybrid Regions

..B8 Mesh Operations

-4 Analysis

[ Optimetrics

[ Results

[ Port Field Display

.M Field Overlays

Q Radiation

-] Definitions

g o [ \ \7) BEMove EH] Along Line | [ Unite
8 0 f—:j @ fﬂ 'z- AJ; = EE Rotate ﬁ? Around Axis | [ Subtract |"_“y Imprint
@ e R | @ . & | fh Mirror

- Split Bl | @riet 3 surface ~ | A Relative CS ~
3 | 4 chamfer | <>Sheet > | AL Facecs
[® Intersect = \, Edge ~

@ Measure ~ 3£ Grid *H
== Ruler XY ¥
3D X!

Model %

[ vacuum ¥
m G ghlatenal

Jlk Thru Mirror ¥ Object CS~ | Units

Properties

Name I Value

[ Unt [ Evaluated Value

Variables [

40 (mm)

Message Manager

Ready

3 X @ Progress a x

[ Hide 0 Mk |[= " Hide Progress |




CONDUCTED EMISSIONS

Emissions_PWR

Courtesy CADFEM Germany
and Continental

SIMULATION
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CONDUCTED EMISSIONS

Presented at:

EPIGI'] K

DENVER, COLORADO
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J. F. Mologni, G&gunj C. L. R. Siqueira, M. Kopp and M. A. R. Al&dsylrid method combining static and full wave techniques to solve conducted emissions proble2@4,3 IEEE International Symposium on

Electromagnetic Compatibilitpenver, CO, 2013, pp. 2281.doi: 10.1109/ISEMC.2013.6670423
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CONDUCTED EMISSIONS
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Frequency-Dependent Multi-Conductor Cable Modeling

Dr|Vetra| n S|m u Iatlon and Simulation for AC Drive System Applications

- == Ranga Tallam, Richard Lukaszewski Mark Solveson

e 2 Drives Business, Rockwell Automation ANSYS

i Mequon WI Brookfield WI

™ _ Presented at the 2014 ANSYS Regional Conference Chicago May 23, 2014
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Radiated Emissions
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RADIATED EMISSIONS
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RADIATED EMISSIONS

Radiated emissions is shown [dbuV/m at antenna placed 1 meter from the oven] as | %% Cirve Tofo
the microwave oven rotates on the turntable. Note the higher values of the (it — foallon=0deg
spectrum when the microwave oven is facing the antenna. o000
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RADIATED EMISSIONS Courtesy
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Courtesy

RADIATED EMISSIONS GEMCO/UFS

1207
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NANSYS

Radiated Immunity
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Electromagnetic compatibility (EMC) is a key prerequisite for the future topics of connectivity, autonomous driving, shared,
E CASE / VENTURE / DIESEL / EFFICIENCY [/ DESIGN

and electric drivetrain. With the new test facility, Mercedes-Benz takes an important step as a pioneer in the digitisation of

the automotive industry! #EMC #MercedesBenz #autonomousdriving
Connectivity Autonomous Shared & Services Electric

Read more: http://mb4.me/EMC

CABLES and ELECTRIFICATION

RF CESITE

https:/www.linkedin. https://www.daimler.com/innovation/case/connectivity/opening-testing-facility-for-emc.html




