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) Presentation Overview )|(scapos

Intro to scapos & Fraunhofer SCAI
o Simulation-related aspects of complex systems design

3 SCAI technology & tool developments
— Multi-physics = Multi-code coupling for complex simulations: MpCCI
— Multi-code workflows: SCAI-Mapper
— Analysis of complex processes in simulation: DIFF-CRASH

Concluding Remarks
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scapos AG offers Maketing & sales support for Research Insitutes and
SMEs having a focus on software development.

Established: Januar 2009
No. staff: 7
Location: Schloss Birlinghoven, Sankt Augustin, Germany

scapos AG offers support for:
 Sales & Partnering

e Strategic Marketing

e Product Marketing

Forum TERATEC 2011 28 & 29 June 2011
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THE FRAUNHOFER-GESELLSCHAFT

The Fraunhofer-Gesellschaft undertakes applied research of direct utility
to private and public enterprise and of wide benefit to society.

More than 80 research institutions, including 60 Fraunhofer institutes

More than 17,000 employees, the majority educated in the natural sciences or
engineering

An annual research volume of 1.7 billion euros,

of which 1.4 billion euros is generated through contract research.

2/3 of this research revenue derives from contracts with industry and from
publicly financed research projects.

1/3 is contributed by the German federal government
and the Lander governments in the form of
institutional financing.

International collaboration through representative offices
in Europe, the US, Asia and the Middle East
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; FER-GESELLSCHAFT

THE PROFILE OF THE
FRAUNHOFER-GESELLSCHAFT

7 Groups:

B Information and Communication
Technology

Life Sciences
Microelectronics
Light & Surfaces
Production

Saarbriicken
Ettlinge

Materials and Components —
MATERIALS

£ Kanc B Defense and Security
Kirchen

—
© Fraunhofer SCAI % FraunhOfer
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Numerical
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o Simulation-related aspects of complex systems design

o 3 SCAI technology & tool developments
— Multi-physics = Multi-code coupling for complex simulations: MpCCI
— Multi-code workflows: SCAI-Mapper
— Analysis of complex processes in simulation: DIFF-CRASH

e Concluding Remarks
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| complex systems design )l( SCapos

- HPC: Scalability of software for the extreme
requirements of multi-phenomena, multi-scale
simulations of complex physical processes

- Environments to Integrate multi-scale simulations

- Coupling software components at a common scale for I\%EC%Z
flexible multi-code, multi-physics simulations P

- Transferring information between simulations

S
In complex design workflows M
DlFr(d

- Understanding sources of variation arising in modelling
and simulation in engineering design

Forum TERATEC 2011 28 & 29 June 2011
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— Multi-physics = Multi-code coupling for complex
simulations: MpCCI

— Multi-code workflows: SCAI-Mapper
— Analysis of complex processes in simulation: DIFF-CRASH

e Concluding Remarks

Forum TERATEC 2011 28 & 29 June 2011
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MUltl-phyS|CS Simulation & MpCC' o

Numerical Solutions for coupled systems comprising at
least two different physical domains

Coupled systems and formulations are those applicable to multiple domains
and dependent variables which usually (but not always) describe different
physical phenomena and in which

a) neither domain can be solved while separated from the other;

b) neither set of dependent variables can be explicitly eliminated at the
differential equation level.

From: Zienkiewicz & Taylor. The Finite Element Method, Volume 1, The Basis.
Butterworth Heinemann, Oxford, 2000
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MpCCI — The Independent Code Coupling
Interface

Input beck s ‘-:‘::" InputrDeck
CFD Code \‘:" FEM Code
L e
DataI lAPI APIl IData
Code Coupling Coupling Code

Driver — Manager

|

MpCCl Configuration

Manager “— Driver

!

MpCCl MpCCl
Client Client
P
P
R
s
' b
MpCCI Coupling Server
=
© Fraunhofer SCAI % Frau n hOfer
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Interface
Open interface through API

B Generic coupling concept
Flexible mapping workflow:
Ramping and under-relaxation
Support for dynamic remeshing in code
Handling for orphaned nodes
M Flexible coupling schemes
Asynchronous buffered communication
Subcycling support
Coupling on demand
Support for ‘iterative explicit’ coupling

B Coupled Simulations as Platform independent Computing

Coupling of parallel codes

MpCCI — The Independent Code Coupling

Input Deck Input Deck

CFD Code FEM Code

. A"

Datal JAPI APIJ [Data
Code Coupling L Coupling Code
Driver — Manager A Manager ; Driver

I MpCCI Configuration I

MpCCl
Client

Sy

MpCCI Coupling Server

MpCCl
Client

—

Coupling of <n> codes and models in one application

Running on distributed and heterogeneous hardware

Forum TERATEC 2011 28 & 29 June 2011
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MpCCI — Applications

Automotive

Thermal management

Engine cooling jackets
Energy

Elastic Wind Turbine Blades

Vibrations and Thermal Stresses in Turbines
Consumer Area

Before Interpolation After Interpalation
(CFD numerica resut) (FEM irput load)

Joints and Gaskets
Space and Aircraft

Aero-Elasticity

Thermal Effects and ECS
Bio-Medical Area

Elastic Vasculature

\
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MpCCl —The Independent Code

Coupling Interface

MpCCI v3.1 (March 2009) V4.0.1 (Q2 2010) V4.1 (Q1 2011)
Abaqus 6.8,6.9 6.10 6.10

Ansys 9,10, 11, 12 11, 12 11, 12, 13

Elmer - - 55

Flowmaster 7,5,7.6 7.6 7.6,7.7

Fluent 6.3.26, 12.0.16 6.3.2612.0.16 12.1.212.1.4 6.3.26, 12.x, 13

Flux 10.2, 10.3beta 10.x 10.2, 10.3

Icepak 4.46,4.4.8 4.4.x 4.4.x,13
MD.Nastran 2010 2010

MSC Adams Prototype, MpCCl 4.2
MSC.Marc 2005r3, 2007r1, 2008r1 2007r1, 2008r1 2007r1, 2008r1, 2010
Numeca Fine/Hexa 2.7 - Fine/Hexa 2.11, Fine/Turbo 8.9
OpenFoam - - 15,1.6,1.7
RadTherm 9.0.1,9.1.0,9.1.2,9.2 9.1.0,9.1.2,9.2 9.1,9.2,9.3,10
Permas 12 - -

Samcef Samv130 (prototype) - -

STAR-CD 4.04, 4.06, 4.08 4.06, 4.08, 4.10, 4.12 4.06, 4.08, 4.00, 4.12
STAR-CCM+ 4.04, 4.06, 5.02 4.06, 5.02, 5.04
Adapter API Available Available Available

I\/IocAeFlilsar FMI Prototype, MpCCl 4.2

Forum TERATEC 2011
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’Application Examples

« Complex, multi-equation and component coupling for
the analysis of electric arcs in switches

* New development: coupling network (OD) and 3D

Mec

« Cou

nanics simulations

nling for functional mock-up design

=~ Fraunhofer
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‘ Simulation of electric arcs in switches - Overview

3 Complex coupled application
= Solution of MHD-Equations
= Application: Switching electric arc in electromagnetic switches

= Cooperation with Eaton Industries (formally Moeller)
Electric arc between contacts
magnetic Flux density

B

Industrial Household

Lorentz
Force
F~ixB

Current i D%’ |:|

= Fraunhofer
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’ Electric Arc Simulation— Physics

omplex processes in both fluid- mechanics and electromagnetics

Current
density g

= Plasma handled/modelled as fluid

D Magnetic field Ohmic
Finite Volume solution of equations Lorentz-force Heating
for conservation and radiation [ Electrical ]
Potential

FEM for Maxwell-equations for

electrical and magnetic fields (} d?
Electric
Conductlwty Plasma

Material-

% ﬁ parameter

\
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Electric arc simulation

Circuit Breaker PLSM
» Calculation performed by A. Zacharias, Eaton

Fluent Ansys
140000 Zellen 99000 Elemente

Symmetrieebene

beweglicher
Kontakt

Festkontakt

SO

T

Ausblasung

Léschbleche Symmetrie-

ebene
\ Eisen

(nichtlinear)

4
4

Laufschienen

\
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~ 9000
" 8000
‘ C 7000
o : 6000
“l]‘ = _ 5000

“| | 4000
3000
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0 Temperature / K

E ‘T.N Miniature circuit breaker with plastic vapor  Wir feiemn
= interrupting 6 kA short circuit JAHRE

PawerfngBusfness Worldwide March 2011, Technology Development, Bonn, Albert Zacharias Werte, die bleiher
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’ MpCClIl — 0D-3D CFD-Applications

Co-simulation is the coupling between

A network (0D) model component (integration point)
a surface of the 3D CFD application

® Flowmaster ¥7 General Systems: Flowmaster.Y_Junction

Fle Edt Wiew Tools Network Window Help

HeR +Bn0n o [Blesdbo JORGNMIC= Y=

T x ‘?OT Microsoft Sans Serif = 10

5% Network: ExhaustSys s_’d Network: Y_Junction I

‘ malp 3psloag ‘

1D Model
CFD connection

3D CFD Model

1 IE '
$ J

= °

“\\0D Model

CFD connection

2 27
3

[Z“IE]

0D Model
¥ CFD connection

Forum TERATEC 2011
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‘ (Batecs: ‘ MpCCIl — 0D-3D CFD-Applications

0D — Air Distribution System Modeling

B Analyze large aircraft air distribution

B Evaluate duct re-routing scenarios

B Study mixing of fresh and re-circulated air
B Conduct “what if” scenarios on duct sizing

M Fast to set up and very quick to analyze

Enabling
B Understand system interactions
B Help meet passenger flow rate requirements

B Help guarantee proper temperature and
pressure
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j; System Pressures (N m-2)
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MpCCIl — 0D-3D CFD-Applications

3D CFD

Better technique for modeling larger ‘open’ volumes with complex flows.

Gives better appreciation of factors affecting passenger comfort

\\
\\\ \
\?'
A

//

{ <D—I‘

il J

/i

=
Temperature (K) W Velocity: Magnitude (m/s)
ZK." 288.11 290.43 7}292. 76 295.08 207,41 299.73 0.00000 0.17548 0.35096 0.52644 0.70192 0.87740
&_X
-—“/
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MpCCIl — 0D-3D CFD-Applications

Large Aircraft Cabin ECS System in Flowmaster V7

CoSimulation Method ;//JIJ
Partial CFD Model of Cabin 7 T

1 'J """ i _I"
STAR-COM: iR E@H E

" Cabin Air Distribution in
Flowmasle(

Fluent

OpenFOAM
Other CFD codes
Full ECS system model in Flowmaster v7

MpCCI 4 Code Coupling Interface

Partial CFD Model of Cabin in STAR-CCM+

\

= Fraunhofer
Forum TERATEC 2011 28 & 29 June 2011 SCAI 24



|55 H LB @ FRW kKD

Bie_ £k loch soksion. ool fiiom. i
RaE@Ed &8 »sus|Roree
Servers RS Cabin_sousoneon [0 | s

e
# @ townmnes
-

£
B heran
= e e e ST E ST R
=@ Meriisions

| £ Anraged Temaeranurs Passenger Canin

308 - - -

senns < Pruparns il

Outpan varkorny

pling Monitors [dit Go.

| L Torpmsirn Tovpoes

[ o 100 % 300 00 %60

oo
e manager Time

—vempsraure wrased

|
e = ‘
= | |
b
e ism-. e iiI\
7= |[[overs = =]
|| [Recetve mode: 1)
oo select: =1 = ;]H
Bslect server procsion |Check mode
o seect =] {fle - | =
== I
= |
I~ Distribute server on remote hast. |Hlmn
1 on s o i i |
F et "i I o ot hutdownsorvs ftr bkch il exocution
| 2 i
B S et H
I op
|
<
e |

) Fraunhofer SCAI z FraunhOfer
Forum TERATEC 2011 28 & 29 June 2011 SCAI 25



D. Neumerkel, Daimler — 1st Fraunhofer Multiphysics 2010
28 & 29 June 2011

Forum TERATEC 2011

Functional Mockup CoSimulation

MODELISAR Characteristics

International consortium with focus on

IT and technology partners

Project Duration (ITEA)

® 3years

¢ July 2008 — June 2011

Project Partners

® 29 partners from 5 countries
= Austria
= Belgium
= France
= Germany
= Sweden

Coordinators

@ Dassault Systemes
® Daimler AG

Budget / Funding
® 30M€/10ME€

75
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The Functional Mockup Vision
Robust system simulation with “plug and play”

Functional Mockup CoSimulation

integration of models from different domains and tools

Controller Gear drive
4/

1y

g

Door kinematics

Gas spring

Seal dynamics

Seal deformation

(VALY
.

i |

D. Neumerkel, Daimler — 1st
Fraunhofer Multiphysics 2010

© Fraunnoter SCAI
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Behavior of complete system

Co-simulation for Functional Mock-up

28 & 29 June 2011
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’Functlonal I\/Iockup CoSimulation
" using I\/IpC

—Medwlesand-CommuRication

5
FMI master
MpCCI FMI library et PR Code(s) with
(contained in FMU) IMDCC. J Mpcql MpCCl adapter

MpCCl Coupling Server

MpCCI FMI
proxy code

MpCCI server

\|

Fraunhofer
Forum TERATEC 2011 28 & 29 June 2011 SCAI 28
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— Multi-code workflows: SCAI-Mapper

— Analysis of complex processes in simulation: DIFF-CRASH
e Concluding Remarks

Forum TERATEC 2011 28 & 29 June 2011 29



SCAIMapper: Mapping Solutions

Mapping: one-time data exchange
M Supports various CAE data formats

B Automatic mesh-orientation

B Robust algorithms for interpolation

mm N\ |/

~ Fraunhofer
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’ SCAIMapper for Metal-Forming
Workflows

Basic Features _—

EEE ShNER

e Supports various native CAE file formats

« Automatic and interactive mesh
alignment

* Robust algorithms for mapping of various
element type and quantities

« Validation of mapping results and local
comparison of quantities

\

—
= Fraunhofer
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SCAIMapper for Metal-Forming
Workflows

Forming Simulation
One-step Solver Incremental Solver

Forming Suite PamStamp2G LS-Dyna

SCAIl Mapper

Nastran Abaqus LS-Dyna
NVH statische crash
Simulation

faurecia

\
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— Analysis of complex processes in simulation:
DIFF-CRASH

e Concluding Remarks

Forum TERATEC 2011 28 & 29 June 2011
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Buckling: example of variation in
engineering structures

Buckling mode as result
of linear structural analysis

\

© Fraunhofer SCAI % Frau n hOfer
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" Buckling candidates in full
automobiles

Model provided by BMW during the AUTOBENCH Project
Forge indicator as color coding computed by DIFFCRASH

\
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DIFF-CRASH : Stability analysis

B Postprocessing tool

Qe — simulation Standard
m DIF basic model Postprocessor

W Statistical Analysis of full simulation models

® New: Difference Mode Analysis

\

—
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DIFFCRASH Aim:

B DIFFCRASH: Identification of sources of scatter: location and time
B DIFFCRASH 5: Separation of multiple sources

Stability Analysis

O Mathematical methods: 2. Tracing the origin of instability

SIM = similarity functional (patent FRG-SCAI):
Which area shows a significant similarity of the scatter of node positions with the

COrre|atI0n analyS|S reference node? 46
— ldentification of sources for instability +1 43 45
+ 4
node N, state t
%7 ‘#‘ &
Vo
Ke  As
He
node P, state u
New: Elimination of a detected source from the set of results

(Orthogonalprojection)
New: Decomposition of scatter into modes with physical meaning

\
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Stability Analysis

node N, state t

%7 Ae
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node P, state u
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Simulation Variations in the air-bag —
passenger-dummy impact

4.020e+01

' 3.ssoa+oll
3.040e+01 _
2.550e+01 _
2.060e+01 _
1.570e+01 _
1.080e+01
5.900e+00 _

1.000e+00 _

Maximal Scatter (mm) of simulation results at

time step 50 shown as fringe plot
Courtesy of Land Rover

___———
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‘ ’ Extreme cases of the positioning of the air-bag
ribbon depending on the interaction with the
dashboard

State 23

Courtesy of Land Rover

\
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e Concluding Remarks

Forum TERATEC 2011

28 & 29 June 2011
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" T » Slmulation-related aspects of
‘:/ “ complex systems design

« HPC: Scalability of software for the extreme
requirements of multi-phenomena, multi-scale
simulations of complex physical processes

« Environments to Integrate multi-scale simulations

- Coupling software components at a common scale for
Flexible multi-code, multi-physics simulations

- Transferring information between simulations
In complex design workflows

- Understanding sources of variation arising in modelling
and simulation in engineering design

<z:. ..... ::>
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Summary: supported .
products )‘( SCapPos

Bio-Informatics
/ Life Sciences

HPC
CAE Products Optimisation & Logistics
Ce
! N\ G P |
- I AUTO °
| l NESTERT ﬁ' | Fraunhofer ITWM
I : ; Assistant
I Fac :
1 |
i AUT
: I NgS'IgER-L LOG
[ : e SIMULATION
: - :
1 |
1 |
1 I
' }
A\ 7

Parallel Software

FEMZIP@% SAMG Pro - Miner
Fraunhofer SCAI TremOIO X c!gm%[ppgcn

reconstruction
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