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Altair Solver Brands
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Introducing FEKO

Electromagnetic
simulation

Altair FEKO is a leading comprehensive
electromagnetic (EM) analysis software
suite, widely used in many industries and
built on state of the art computational EM
(CEM) techniques, to provide users with
& Software that can solve a broad range of

electromagnetic problems.
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FEKO Key Applications

Antenna Design Antenna Placement Electromagnetic Scattering Others
Compatibility (EMC)

Multiphysics Analysis and Optimization
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Main FEKO Industry Sectors

FAerospace

Communications
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Selection of FEKO Commercial Customers Altair
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Selection of FEKO Academic Customers

RRIERT L&

Japan Hokkaido University, Kyoto University, Nagasaki Uni  versity, =]
Tokyo Institute of Technology

Nanzan University, National Defence Academy, Tokyo Institute of

Technology, Tsukuba University, University of Tokyo , Yokohama
National University, Waseda University, University of Toyama, and »
PR

University of Trukuba 2, Yokohama National University

more.

Korea, Taiwan, China and Other Regions in APAC
. . . . . 3 3 yelly,

Chung-Ang University of Korea, Chungbuk National Un iversity, 713 gé. 2 JC' NUTH Q’
ARz 4 x% e CHUNG-ANG %-

. . . . . . . . : i ul°
Chungnam National University, Hanyang University, H  ongik University, Fiambiniinstieute st estnolog) INIVEREITY 2
39
‘iw%r‘w"
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National Central University, National Changhua Univ  ersity of Education
(NCUE), Taiwan, National Sun Yat-Sen University, Na tional Taipei

<L lg J; »
’ , v WUHAN UNIVERSITY

& Faazn
T iy @ 5 A

National Taipei University of Technology

rx:-:ruﬂule Aachen

University of Technology, Tatung University, Beijin g Institute of

Technology, Beihang University, Harbin Institute o f Technology,
Harbin Engineering University, Nanjing University o f Science &

Technology, Wuhan University, Institute of Electro nics - Chinese

Academy of Sciences, and more.

Americas and EMEA Arizona State University, Clemson

University, Cologne University of Applied Siences, Fachhochschule

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Aachen, Fachhochschule Augsburg, Georgia Institute of Technology,

L
A, Zon
RS N

McMaster
University E5=

i | < S
X N7 &
* T

Inspiring Inaovalinn and Discovery

Johns Hopkins University, MIT Lincoln Laboratory, M cMaster

TN
< i
S e

University, University of lllinois at Urbana Champa  ign, Chalmers
University of Technology, ETH Zirich, Ohio State Un  iversity,

ElectroScience Laboratory, Oakland University, Penn sylvania State ElectroScience Laboratory

University, Polytecnico di Milano, Reykjavik Univer sity, Iceland, Royal

POLITECNICO Jsche Techische Zorich

D I M I LA N O Swiss Federal Institute of Technology Zurich

Military College of Canada, and more

& e # o ¢ Cologne University of Applied Sciences
e e
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FEKO Origins and Altair

A bit of history:
e Dr. Ulrich Jakobus starts developing core

algorithms of FEKO in 1991 at the
University of Stuttgart in Germany.
Independently, in 1994 Dr. Frans Mayer
and Dr. Gronum Smith started EMSS
(company) in Stellenbosch (South Africa)
to provide EM engineering services to
local clients.

They started collaborating in 1996 and in
2000 Dr. Jakobus joined EMSS full time.
In 2014 FEKO operating worldwide and
positioned as a global leading and
growing EM simulation software suite in

the market.

N 2015 Japan
Altair Altair Technology Conference

* FEKO joining Altair in May 2014

a ALTAIR AND EMSS-S5.A. CLOSE DEAL

‘ Altair acquired 100 percent of EM Software &

Systems = 5.A. (Pty) Ltd and its international
distributor offices in the United States, Germany, and
China this month. This development adds the FEKO®
solver to the HyperWorks® suite and strengthens the
Altair simulation offering in the aerospace, automotive,
and shipbuilding industries in particular, reflecting the
commitment of the company to provide comprehensive,
best-of-breed solutions to its customers. In addition, in-
house electromagnetic expertise crossing multiple
industries will enable the company's consulting arm,
Altair ProductDesign, to take on more responsibility in
customer engagements where this specialised applied
engineering knowledge is required.

Altair HyperWorks contains a number of industry-leading
solvers, including Optistruct™, RADIOSS®, MaotionSolve®,

and AcuSolve®. The addition of FEKO will
help to address coupled electromagnetic-
thermal and electromagnetic-mechanical
problems, among others.

“Electronics and communications
technology are driving additional
complexity into product development on
an unprecedented scale, making
computational electromagnetic
simulation very important to
many of our customers,” said
James R. Scapa, Chairman and

Chief Executive Officer of Altair Engineering, Inc. “We are
extremely happy to welcome the expert knowledge base
and cutting-edge technology of EMSS to the Altair family,
and look forward to exciting future developments in both
FEKO and complementary technologies for multiphysics
simulation and design optimisation.”

“The full integration of our business and technical teams
within Altair's corporate culture has been truly a positive
experience for both organisations and our employees,”
noted Dr Ulrich Jakobus, original author of FEKO, Director
and FEKO Product Manager, EMS5. “The strategic
alignment of FEKQ's software development team within
Altair is already driving an exciting technology roadmap
for expanded electromagnetic offerings and new mult-
physics solutions for our clients.”

For more information on Altair, visit www.altair.com.

Or Uwe Schramm (Altair Chief Technology Officer), Dr Ulrich Jakobus (FEKQ Product
Manager at the time, now Vice President— Electromagnetic Solutions at Altair), Mr James R.
Scapa (Altair Chairman and CEO} and Dr Gronum Smith {Director of EMS5-5.A. at the time,
now Country Manager at Altair {South Africa)) pictured at the official signing ceremany.
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Motivations for Joining Altair

* Multiphysics simulation
* Product development synergy
» Even bigger global presence and footprint

Dr. Ulrich Jakobus

Vice President
Electromagnetic Solutions
Altair/EMSS

<) | -

http://www.altairhyperworks.com/feko

9
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Innovative License System

HyperWorks delivers exceptional value to customers maximizing flexibility and
cost efficiency

‘ -
Stacking Product 3 q HYPEI'WOﬂ(S
Product 2 Leveling
Product 1
Number of Number of
tokens used HWU used
Product 1 Product 2 Product 3
Traditional Software Licensing HyperWorks Licensing

10
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CADFEKO - AudiTT_mesh_windscreen - -l

B o (el |
B BB ramat

FEKO  FEKO |

solver termingl €9 | ud Remote

3 |

Named points.
Media
=,

77 Worksurface3
HModel
Geometry
= Ports
¥ Portt
-+ Plane | ground [PEC]

POSTFEKO

Se—
ot

[ runfeko Horn —run-from-gui

H oucput | @ Hotices(i) | A\ Warnings | A Errors |
e CADFEKO: Model creation / S e

File: Horn
- = =, - = Memory: Unlimited, system allows maximum usage of 3.670 GByte
import, definition, simulation ot 5 S S T
1 )
L L] = NOTE 35127: You are running a sequential version of FEKO, but it was deg
and OUtp' It SpeCIflcatlon that your CEU has more than one core. For best performance, it would be

recommended to run the perallel FEXO kernel (your licence allows this)
See also message in the output file Horn.out
Processing the gecmetrical data for triangles
Checking the geometrical input data
. Checking the geometrical input data for triangles
. +++ Processing configuration: StandardConfiguraticnl
. olver: Performs calculations [r e e sk
Checking the gecmetrical input data (frequency ) ;
Storing the matrix in main memory (case 1) b Detais o K

--> Currently & memory of 400.417 MByte has been allocated

O ok

11
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POSTFEKO - AudiTT_mesh_windscreen _oEE
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FEKO Solver e
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POSTFEKO: Post processing of simulation results
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Solvers in FEKO — Simulation Map

ELECTRICAL SIZE

Hybridization to Asymptotic
solve large and Methods
complex (high-frequency

Full-wave

Methods

(physically
rigorous solution)

COMPLEXITY OF MATERIALS 13
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FEKO Productivy Features and HPC
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 FEKO has a set of key productivity features, including:

Cable modelling fully integrated in CADFEKO

Windscreen antenna solution

Fast analysis of large and finite arrays using PBC and DGFM
Special materials, including anisotropic layers (e.g. composites)
Characteristics Mode Analysis (CMA)

e HPC in FEKO includes:

MPI-based parallelization for distributed memory systems
Shared memory parallelization based on OpenMP/MPI
GPU and multi-GPU support

14
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Lua Scripting Tool in CADFEKO And POSTFEKO

| B, Radiation Hazard Iso-surfaces

Application Macro scripts:

» Creation of customized dialogs to obtain
user input

* Interact with external applications and the
operating system.

Standards and Outputs
Applicable standard:

(®) ICNIRP

() ARPANSA

Result types rendered:

[#] mndividual transmitters

 To be used as “plug-ins” that extend optenni Lab input options 1M
application functionality. i et

» General purpose “apps” available on FEKO — . OPTENNI
Webslte - ICNIRP:  www.icnirp.de

- Arpansa: WWw.arpansa.gov.au

Use frequency range from | SParameterConfigurationl - |

System impedance (ZRef) |50 |

* Full featured IDE for script editing and

de bugg I ng 1 Choose which ports to include in the network
[] Partz
[v] Port1
| OK | ‘ Cancel
Math scripts: e
» Used for advanced data processing (the m* Gyl
output of a math script is a result that can @ @ . (F) - i
be plotted on a view, exported or reused in bl | H, i el )

other scripts). Horn : StandardConfigurationl
= [ldears lamariiz [Des. ore_Anieqna [Horn.bol
= ] MearField1 m

HMath entities

é]: MearfieldMath1

15
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Import and Export Filters

Import Geometry

ACIS -
AutoCAD DXF drawings -
CATIA V4 -
CATIA V5 -
IGES -
Parasolid

Pro/ENGINEER

STEP

Unigraphics

ODB++

3Di

Gerber

HyperMesh meshes can
also be imported into
CADFEKO

Export Geometry

ACIS

CATIA V4, V5
IGES
Parasolid
STEP

Altair HyperMesh

Import Mesh

ABAQUS
ANSYS CDB
ASCII data format
AutoCAD DXF
Concept
FEMAP Neutral
GiD

NASTRAN
NEC

PATRAN

STL

a\

2015 Japan
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Ex

Fastest, Solver Neutral CAE Environment for High Fidelity Modeling

port Mesh
NASTRAN
STL
Gerber mesh
AutoCAD DXF
(mesh boundary)

16
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Courtesy of PSA PEUGEOT CITROEN l

107.8 MHz

87.8 MHz

Model of the antenna proposed Radiation pattern for the entire
by the supplier European FM band

Ref. M. Klingler & S. Benhassine: «La simulation en CEM et Hyperfréequences», Salon Microwave & RF, Paris, 3-6 avril 2012 17
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Evaluation

Courtesy of PSA PEUGEOT CITROEN l

315 MHz or 433 MHz

Radio coverage levels 60 meters

Mesh of the vehicle and PCB + antenna around the vehicle at 1 meter height

Ref. M. Klingler & S. Benhassine: «La simulation en CEM et Hyperfréequences», Salon Microwave & RF, Paris, 3-6 avril 2012 18
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Tire Pressure Receiver Positioning (1)

60 receiver positions
8 positions de valve (3 X 5 x 4)

8 valve positions —l
Courtesy of PSA PEUGEOT CITROEN

Ref. M. Klingler & S. Benhassine: «La simulation en CEM et Hyperfréquences», Salon Microwave & RF, Paris, 3-6 avril 2012 19
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Tire Pressure Receiver Positioning (2)

Average over the 8 valve positions

- = = = Roue Av D
— Roue Av G
- = = = Roue ArD
8 — Roue Ar G

Courtesy of PSA PEUGEOT CITROEN l

2.5dB /div

60 receiver positions

Ref. M. Klingler & S. Benhassine: «La simulation en CEM et Hyperfréquences», Salon Microwave & RF, Paris, 3-6 avril 2012 20
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Automotive Electromagnetic Compatibility (EMC)

Simulation

Measurement and Testing

Digital Prototype Hardware Prototype
Simulation Driven e Measurement Driven
EMC Process EMC Process
e v«f % f\ >

21
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Approach for EMC Simulation

windshield
defroster
heating

ribbon
cable
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EMC Standards and Regulations

EMC Vehicle Tests EMC Component Tests

magnetic field
emission test

artificial
network

test

reveberation
chamber test

transients on
supply lines
test

1neS
sients O e
rer e mar; .
\in
uppl
sup 1ot

23
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Full-vehicle Test to Be Simulated

e |SO 11451-2 substitution method
o 4_probe calibration phage Courtesy of PSA PEUGEOT CITROI';l
 Test phase

» Vertical and horizontal polarizations
* Front, rear, left and right incidences

Calibration phase Test phase

24
Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010”, W  roclaw, Poland, 13-17 September 2010
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Vehicle Immunity Test Setup

Test phase Courtesy of PSA PEUGEOT CITRom
Vehicle
Reference
(0,0,0)
o = 14° 2500 mm

1

2

25
Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010”, W  roclaw, Poland, 13-17 September 2010
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Vehicle Detalls

Peugeot 508 Courtesy of PSA PEUGEOT CITROE“
e Sedan * Non-athermic windscreen
e Left-hand drive * Full metallic roof
e 5doors » Diesel engine

RS

! 1576 ]
' t - 1853 ~
- 4792 - “ 2068 -

/v \\

QL. ——
e  @"

Ref: www.peugeot.fr

26
Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010”, W  roclaw, Poland, 13-17 September 2010
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ehicle Simulation Model

_ - | Courtesy of PSA PEUGEOT CITROEN l
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Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010”, W  roclaw, Poland, 13-17 September 2010
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; . alr
2 configurations

Right — Horizontal

Right — Vertical Courtesy of PSA PEUGEOT CITROEN l

- ~~

Front — Horizontal ! Back — Horizontal

Front — Vertical Back — Vertical

—~_———_—-

— I Left — Horizontal

Left — Vertical

28

roclaw, Poland, 13-17 September 2010

Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010", W
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Position P10 (ADML) — Simulations Vs Measurements

Courtesy of PSA PEUGEOT CITROEN l

Ref. M. Klingler, S. Benhassine & Y. Merle, “EMC Europe 2010", W
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Antenna Placement — Helicopter Rotor Modulation Altair

N, —

Dynamic Geometry
Rotor Blades
(Ngyn unknowns)

Static Geometry
The helicopter
(Ngat Unknowns)

Numerical Green Function (NFG) in FEKO permitstor  educe simulation time by
2.25X (from 36h without NGF to 16h with NGF)
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Challenge by OEMs Integrating Antennas in Altair Altair Technology Conference
Their Platforms

* Antenna suppliers typically do not want to share the CAD data of their antennas
* Interest in solution for OEMs and antenna suppliers to share suppliers’ antenna
data without exposing their IP
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Combining Measurements with FEKO Simulations Altair

L Soven— | e s e
B R ey —
[T S— Gro G s -y Pame
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B PP oo 44 0 e D7 D it oot G e Do 3 o | T o S| s
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ool 3:0 e, st < - < =

FEKO’s model decomposition permits to

MVG antenna measurement system work with equivalent sources to easily
with Insight  (software tool to compute the and quickly solve complex antenna
equivalent current distribution, EQC, from the near placement and EM studies

fied and/or far field measured antenna)
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Preparation and Use of Measured Source Altair

Flush mounted antenna measurement with Apply Infinite Ground Plane

Boundary Condition

Source Edge Diffraction Extraction (SDE) to
Measured data eliminate the edge scattering from the

ground plane)
Generation of Equivalent
Currents (EQC) on the
antenna using MVG's

software Insight

EQC represent the near field antenna

10del that can be imported and used in
FEKO
Aperture excitation in FEKO
(generated from EQC from
Insight) as equivalent source
for the antenna
[} .
jnsight

33

representative ground plane to impose the

correct local bounday condition
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Validation Aproach for Mounted Monocone Antenna

Full model Full model
Equivalent model Equivalent model
Measured

3.3 GHz

Full made! Full model
Equivalent model

Equivalent model

5.8 GHz

simulations
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NASA Langley Research Center

Altairs FEKO computational electromagnetic software enables NASA to develop wireless
resonant sensors that can measure and mitigate lightning strike damage to composite aircraft
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Design Problem — HyperStudy Example

* Design frequency: 433 MHz

» Challenging design optimization

DOE with 3 geometry variables

(compute with space filling method) /
e /

ol

Generate FIT responses with
T DOE output

@81 Explore,
Study,
Optimize.

15% improvement in bandwidth (better
"y tolerance to component sensitivity) and
7, Altall

33% improvement in antenna efficiency
over the initial design
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FEKO and PBS Works

 FEKO works with Altair PBS Works HPC workload management sof tware
built for End Users, Systems and Managers
» Application for web-based job submission, management and m onitoring,

simplifying HPC for end users:

voigt

12 Messages

[Z] MONITORING : @ Terminate | v [ Refresh | More Actions  +
[ 2 My Jobs Job D State & Anpplication Name Queue Server
31700.dexsnv002 @ Succeeded FEKO 18_Hallenboden_NF_TT_PEC_Tx_4m_2500MHz structure BB_dexsrv002

@ CIf Applications
@ [ servers

@ ([ Job States

31802.dexsrv002 Running FEKO 18_Hallenboden_NF_TT_PEC_Tx_1.5m_2500MF Structure BB_dexsrv002

| 57 Fitter by Name @ Export |
Applic ation FEKD

i il

Check Point u

CPU % Used 248

CPUs Requested 4

™
CPU Time Used Compute Manager

Creation Time
High Performance Innovation in the Cloud

Eligible At
Error Path dexsrv002 europe.altair com:18_Hallenboden_.&31801 Compute Manager is a High Performance Computing solution for design
i . innovation "in the Cloud". It leverages the patented Altair licensing system and
Executing Host dexcn207/0'4
I provides access to best-in-class HyperWorks software through a modem
Hold Types No Hold secure, and efficient web-based platform
Comment Job run at Tue Jun 16 at 0:02 on (dexcn207:nc pus=4:mem=314572800kb)
Job Directory Iscridexcn207/scrfpbs 31601 dexsrv0D2 x8z password G o |©
Job ID 31801 dexsrvD02
Name 18_Hallenboden_NF_TT_PEC_Tx_1m_2500MHz
Join Path Job's standard output and standard error will not be mergediinter-mixed
Keep Files Retain both output and error file streams of the job on execution host upon job termination
Wil Points Mail will be sent when the job is aborted
Memory Requested 300 GB
Memory Used 38917 GB
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FEKO and HW Unlimited Simulation Appliance

Physical Appliance Virtual Appliance

HyperWorks
Unlimited

Unlimited use of Altair products per node

—

S
N

amazon

webservices™

Pre-packaged and fully configured

On Premises Altair managed, no IT support needed

And more! Off Premises

FEKO also now working with HyperWorks Unlimited

120 60

F5 Fighter FEKO
Simulation at 3.5 GHz

270 90
MLFMM 2,980,753 113 GB 35 min
240 120 PO 911,887 22 GB 2 min 25 sec
210 150
180

} mmm MLFMM e PO
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Partner Solutions Altair

OptiStruct RADIOSS MotionSolve AcuSolve FEKO

nCode

Coustyx AlphaStar F-Tire nanoFluidX
SEAM Key to Metals CarSim SC/Tetra
Stress Check Materiality ChassiSim RadTherm

Converse CrashCAD AcuNexus
CAE Fatigue

Design and Optimization

HyperStudy
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Static/Low Frequency EM Simulation of Altair Mtair Technology Conference
Industrial Applications with IMAG

Actuators
Busbar
Circuit breaker
EM Shields

Generators

Induction heating
Motors C
Reactors

Sensors

Solenoids

Speaker

Transformers
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Thank You For Your Attention

www.altairhyperworks.com/feko
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