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Imcenter Amesim

Combining causal & a-causal paradigms
David ALMER - Siemens PL CoE
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All Siemens Divisions are driving
digitalization technologies

Digital Factory Energy Management

Process Industries and
Drives

IR

Healthineers
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Wind Power

SIEMENS
Ihg,u\uify‘for&‘ft

Power and Gas,
Power Generation Services
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Our business — Digital Factory SIEMENS
Ihg,%uify‘for&‘fe.
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The Digital Factory business follows a long-term strategy SIEMENS
with the systematic expansion of our portfolio lngewuity for Uife

1958 1996 2007 2013

Siemens receives TIA enables UGS acquisition LMS acquisition

2016
CD-adapco

2017

Mentor Graphics

patent for SIMA interaction between acquisition acquisition

VHinntes

o)

AC'I_'rlk\ll“E Qf’reacmr CAMSTAR

PSRN B

1995/96 2001 2012 2013

Production engineering
and execution

ol B I [ KinED | € 10+ billion
in investments
since 2007
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Siemens PLM Software Business Segments

Product Mainstream
Engineering Engineering
Solid Edge
NX €
Femap

Product design,
simulation and
manufacturing

End-to-end design
and engineering

Specialized
Engineering

Fibersim
Syncrofit
Mastertrim

Composites, air frame

assembly
and seat design

Simulation and
Test Solutions

Simcenter

STAR-CCM+ &
HEEDS

Simulation, test
and systems
engineering

Manufacturing

Engineering

Tecnomatix
NX CAM

Process design
and simulation;
NC programming

Lifecycle
Collaboration

Teamcenter
Polarion

Collaboration, Process,
Change and BOM

Management

SIEMENS
Ib\g«%ui{y‘for&{e.

Manufacturing

. Digital
Operations .
Management Sl
SIMATIC IT
sl MindSphere
Camstar omn
WinCC €0
Preactor

MES, Quality, HMI and
Production

loT operating system
and analytics

Design & engineer better
products faster

Product design and
engineering for the
mainstream market

Rich domain and

industry driven
solutions

Enabling closed-loop

Systems Driven

Product Development

Build & support
products more
efficiently

Collaborate & innovate
more intelligently

Collect and analyze
data to optimize plants,
products, and machine

Realize products faster
and increase quality

Business Ready Cloud Solutions
Product-driven Services
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Simcenter system simulation solutions

Industry
Sector

Automotive &
Transportation

Aerospace &
Defense

Heavy Equipment

Industrial
Machinery

Marine

Energy & Utilities
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SIEMENS
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Pre-design

Performance
analysis

Design
Optimization

Controls
validation

Scalable
simulation

Connecting
“mechanical” -
“controls”

Multi-physics

Combustion
thermal losses

Mechanical
Hydraulics/Pneumatics
Thermal

Electrical

Magnetic

Chemical

Bis
Simalik
Cosimlaten

Open and
customizable

Model
Architecture

Siemens PLM Software



Applications in auto & aero industries

Powertrain & Chassis Controls
Plant model for MiL-SiL-HiL validation
Pre-calibration

Chassis Systems
Ride & Handling
Braking
s Steering
Suspension and anti-roll

Thermal Management
Engine/Transmission

L —
Y b
Vehicle Performance
Fuel Economy/Performance
Emissions, Drivability

IC Engine

Air path management
Fuel injection & Valvetrain
After-Treatment

Transmission
AT, MT, CVT, DMF, DCT

Actuators & components

Electric/Electronics
E-Motor

Battery

Electrical board

Battery cooling
Lubrication
HVAC
Power Systems
Hydraulic systems sizing
Mechanical-hydraulic integration

Architectures assessment

ST iF

Aircraft
Systems.
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Ihg,u\uify‘for&‘ft

Aircraft integration

Aircraft systems integration

ATA 21
Environenment Control Systems

ATA 24
Electrical power
E%
ATA 32

Landing gear

/‘I ATA 27 Flight controls

RSN
- =

ATA 28
Fuel system

ATA 29
Hydraulic Power

ATA71-72-73-79-76-83
-( . Powerplant — Turbine
Engine fuel and control

Engine oil and engine controls

Engine accessory gearbox

Siemens PLM Software



Simcenter Amesim: an open platform

Platform facilities:
Data management, pack, libraries, supercomponents...

Analysis tools:
Eigenvalues, Modal shapes, Bode plots, ...

Optimization, robustness, design of experiments:
NLPQL, Parameter sweep, Monte Carlo, Genetic
Algorithms

Simulator scripting & APls:
C/C++, python, VBA, matlab, scilab, console...

Customization: / 7 7 )

App designer, customized components... MODELICA
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SIEMENS
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Solvers and numerics:
Solver technology, Parallel computing, HPC, ..

MIL/SIL/HIL and real-time:

Blackbox, RT FMUs,

Precompiled objects for RT targets...

FMI export/import 1.0- 2 (0]

dedicated interfaces (Simulink,efc...),
house codes...

1D/3D CAE:

Excel import, in-

CAD import, FE import, CFD coupling, ...

Modelica platform

Siemens PLM Software



Edit
BEBBS S

View

Modelica within Simcenter Amesim

Tooks  Help

e hhBL LS.

Text BaE
SolenoidInjector.ame = % fun monitor - Solenoidinjector,ame
o model InjectorDrive el 2 T = & @
» ModalcsServices
B, i : A ~ | Simudation tme: 0,003 /0.0035
Ee N COMMON RAIL SOLENOID INJECTOR @4
» @77 Modeica Moc annotation =7 Load Case Power Electranics | s
Earotnrizoir i !
v @B smcenteramesim simc - = onskin 1 N -
4 E —
v F Denos Mo annotation(=): O ] '
+ T et il S i Sinai e @ : P | Submodel Tite value it
annotation=): o : " T
> BoostChopper Boo = im.Blocks.Signal fud 4 Al i H
B K ] H
> DistributedRod annotation(—: ‘El 180 4113 Fluid é A H
Pmesin.Blocks . Signal cap !
» | BectoMechaniclsystem Den
v ammotationo): =
»  EngineAcycism Cor Modelica.Electrical.Analog.Sources.ConstantVoltage
> HydroBlectricity constantvoltage (V=14) rail pressure
B -annof ion 3
v [ Solnoidinector Pow notation 0 ;
Modelica.Electrical.Bnalog.Basic.Ground groundl 2
£ trjectordrive Fue amnotation(——); 3
. Fr—— ol Modelica.Electrical.Bnalog. Tdeal, TdealDiode diodel connecting tube 2
annotation(=o); g
4 Taolnertizs Mg < Modelica.Electrical.BAnalog.Ideal. g
» | Examples LS | annotation =) strainer
Modelica.Electrical.Analog.Basic.
» . blods sigr e o
annotation():
Documentatin 2
4 Mechanics or a Modelica.Electrical.Analog.Basic. atx
> Eecticl 2= |Fuel injector drive with electrical ports ) & =
> Thermal The 2 L modelica_icon [modelica_icon-1]
" Modelica.Electrical Analeg.Basic.Ground ground? jo)
Constant sor | Information amnotationoo): Post processing & x
> nits Defi || This mode! takes as inputs the commands for 3 switches. The crcuitresponds with current / voltage o Modet i Elnsh el Boatea Beais Geonad tazennds, £ r (%
signals that are used to drive a transducer for a fuel injection system 278 annotation(); ) o TR B Embedded )
Modelica.Electrical.Analog.Ideal.IdealCl { E ; . I | Name | Title | Expression  Default]
AR rigin T m a1 11@l™N ref
annotation 5 2 = =l £ origina I R a2 ﬂ@g £
i e 8 8 Modelica model
i Filename. cisimcenter\amesim\y 1700%amesimynodelicalsimcent R L_cap = mnlnll & v
\package mo 318 annotation ) : =10 > e >

SIEMENS
Ihg.u\ui ‘for&'fe.

A Simcenter Amesim -
Edit  Sketch  Configure

slencidinjectorame *] =
Simuiate Tooks  Help

SIMULATION

SIEMENS
Borppspace ~ W7 Pots + O Anmations v (%) Dashboards v [ 5opts + R TableEdtr | @

Interfaces

e

[l study Manager ||

O pdate

[ nearanalysis v

SUBMODEL | PARAMETER

] Performance Analyzer

~ B e
13 Blocks
Dedicated ¥ ;m‘

. B2 Pinvintou
Simcenter ki
connector v L onen

. . “»* OnePinVin[out

libraries Fp——

» TwoPins
13 Mechanics
13 Thermal

Models and interfaces to Simcenter Amesim Tool
To interface signal connectors to Simcenter Am
To interface electrical connectars to Smeenter
Electrical Pin with Simcenter Amesim voltage inp.
Electrical Pin with Simcenter Amesim current inp
Elementary One Pin connector to Simcenter Am.
Eectrical pin: equivalent te a voltage source
Electrical pin: equivalent to 2 current source
Obsolete description for Two ports component
To interface mechanical connectors to Simcente

Tointerface thermal connectors to Simcenter A.
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Two worlds in a same environment
require a translator able to ease
integration and interactions

Modelica submodel ‘

For variabies which have  diection assodiated with them,
2 positive sign s in the direction of the arrow.

Physical

ports

Siemens PLM Software



Siemens partners with Modelon SIEMENS
Ihg«%ui{y{or&fe.

I@\ NA Modelica Conference, Boston, October 9t", 2018

Siemens partners Modelon to use Optimica’s Compiler Toolkit as its Modelica engine starting from Simcenter
Amesim 17

Siemens & Modelon signed an agreement to integrate Modelon’s OCT compiler within next Simcenter Amesim release (*). This
agreement will allow Simcenter users develop, enhance and reuse Modelica libraries to describe dynamic multi-physics systems, and
combine them seamlessly with the Simcenter Amesim native libraries.

Such model will benefit from full Modelica standard support and optimized code generated by Modelon compiler, and will be simulated by
Simcenter Amesim solver while being compatible with all useful Simcenter Amesim platform capabilities such as e.g. analysis tools, ....

Support of Modelon industrial libraries through this workflow will come in future releases.

“Do not choose between causal & acausal approach: get the best of both worlds in a same environment!”

10/2018 04/2019 m
(*): available on demand in Simcenter Amesim 17 ) ® 0d€l0n._
Simcenter Amesim 17 Simcenter Amesim 17.1 inside
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Value proposition SIEMENS
h\g,eo\ui{y‘for&{e.

Modelica well suited for some physical domains / ; ;.:
Usable to extend Simcenter Amesim capabilities MODELICA

Unique causal and a-causal execution platform

Unique value of solution /hadefam
Compatibility with popular libraries (full MSL 3.2.2 support, Modelon -

support to be implemented in future release)

Integration into Simcenter Amesim
* Modelica Editor calls OCT (Optimica Compiler Toolkit) and generates a 2.0 Model Exchange FMU
behind the scenes,
extended with physical ports
» Tight coupling & compatibility with Simcenter Amesim analysis tools
(e.g. Performance Analyzer, Linear Analysis)

CAE portfolio consolidation opportunity (one tool supports both)

Restricted © Siemens AG 2018
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A new FMI specification being advocated by Siemens SIEMENS
Ihg.ehuify‘foruft

Modelica external connectors

are translated to ... ... FMI 3.0-like physical terminals
— W\ that are converted into ... ... Simcenter Amesim physical ports
~ l B3 fmiModelDescription — .
j’— 9%@ ig;ziiii—:gzzgq523—96b4—991:8708bd51 E E
Optimica Compiler Toolkit
e Lo e %
- ; : control input T oy k
e L S ®,® _________ 4 prze Eu!
e B e ()~ MODELICA P[Eh =
T Sl e e 3 B [
T o HE-
&3 Terminal ot i %
&3 Terminal
EE3) Terminal
{ Mixing standard

FMI 2.0 signal-type ports
with
FMI 3.0 physical connectors

The FMI import tool is enhanced with the new FMI 3.0 “Terminals and Icons” FCP feature.
Its first application is the import of FMUs produced by Modelon’s Optimica Compiler Toolkit

Restricted © Siemens AG 2018
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A streamlined workflow

Compile

Connect

Simulate

SIEMENS
Ihg,u\uify‘for&‘ft

Analyze

Modelica B x
Jiii} D Cearal
Log Warnings/Errors

STARTING—: modelica_icon

No warming
Itis an FMU for Model Exchange, version 2.0, running
on win64

Full-featured, configurable
IDE

Source code editor
Graphical component
assembly

MSL v3.2.1

Easy library loading
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dels Windows batch file.

‘This batch file is to automate the compile procedure for
submodels

or other userwritten C flles using the Microsoft Visual 64
bit C++ compiler.

- Wil compile the following file(s):

modelica_icon.c

d -DWING4 -1°C:\Simcenter \Amesim\v 1700_OCTV/
Amesim\ib™ -nologo -MT -W3 -EHsc -wd4996 02 -

Model description ok.
Creating C:/Ametest/my_mo_test_, tools/
modelica_ y_block_submodel
modelica_icon.spe submadel file. ..
Creating C:/Ametest/my_mo_test_ tools/

modelica_t _blodk
modelica_icon.c submodel source fie...

[ mj ve. Fue |
ThermalSys 5 Open
ks B Open in new Tab
mples
cks
chanics Bl save

ctrical

Extend...
i [T puplicate...

[value | () Refresh

Add to active Smcenter Amesim model

Automated compiling
when model added to
Simcenter Amesim

ot varisis which e 2 et sssocated wth e,
& posttve 590 5 ) the drectin of the wrow.

Connection with native
libraries through
dedicated physical
connectors

: R 3=
Fie Edt Vew Tods Al Heb L
RWRALE t+Hh OB 0O%E & o
Madeics) het) &
i
=
J
s L ! o ?
i

Solved as whole system,
no cosimulation.
Compatible with
Simcenter Amesim
simulation capabilities:
Batch/Design
Exploration, HPC,
MIL/SIL/HIL...

e B e Tak ddges v b B

WRLE § + Wb OP- 0% bk

>
-

Compatible with
Simcenter Amesim
platform capabilities:
Performance analyzer,
linear analysis
(eigenvalues, modal
shapes, frequency
response, root
locus...), dashboards,
scripting,...
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Demo: heterogeneous modelling of an injector SIEMENS
uuify{or(jfe.

SIEMENS
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FMI 2.0 model exchange export SIEMENS
Ihg,u\uify‘for&‘ft

Start the FMU export assistant with an FMI interface block on the sketch

SOftwa re i ntel'faces Simcenter Amesim - [CAAMETest\UX\Kinematics\Multibody_Axle_KandC_Bench_McPherson_surrogate.ame]

File Edit Skatch Configure Simulate Interfaces

B EE FMU import assistant... S () Update
+ Export Simcenter Amesim models as 2.0 Ernsniasy W aneae: | S forzger | RES Tempors
. . MMﬁbody_A)de_Kandc_Bendu_M&
Functional Mock-up Units (FMUs) for model 1| [
exchange and simulate the coupled system in e
o G \ Camber FMU
various Functional Mock-up Interface (FMI) sor s o ool
Com ati ble tOOIS \*‘ : Deited Generate files for Real-Time...
p I:‘ Generate Simeenter Amesim - Simulink hlack-hox
Select “model exchange 2.0” as export setting and select your platform ... generate your FMU and optionally test it with the compliance checker
o istani FMU Export Assistant FMU Export Assistant . L. )
e it o FMU model description XML file
Welcome P‘aucnorn':ilgure binaries to indude in the FMU FMU export results =
Configure & Functional Mock-up Unit (FMU) to export [= modelDescription xaml E3
32-bit compilation i i bl Memoges) [JEE ; |<?rn=’_‘1;g;n
Export settings FMU type and version (®) Microsoft Visual C++ Starting FMJ areation process. . 3
e T Platrmselecton () GMUGCC N st e :m::mm N
C_-;rl]aﬁ_on_la_ O mtel CH++ tarting FMI int FMU Compllance CheCkeI' report
Platform selection c: sl g FMU generatan Preparing C fies... L
Ersmaso |omens BN © o comnien e e
S | MRS s o it & Comoa i o S e e .
- ) Low: expose nothing except input and output ve| At O Generating FMU... [INFO] [ FMUCHK] Si!.nulatinn finished successfully at time 120
(®) User-defined: expose only the watch parameter; Additional compilation settings: FMU generation succeeded. % ::gzlrc'::\;r:mary.

error(s)

["] Generatelog file End interface generatian -> 0K Checker reportad:

FMU generation completed. 0 Warning(s)
0 Error(s)

|| Provide directional derivatives when applicable
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Application: export a Simcenter Amesim model without its SIEMENS
solver to any FMI 2.0 compliant importing tool for continuous lngenuity for Uife
or strong coupling applications

o Scth  Cofgrs  Smiste umfaes Tods Hp . SIEMENS “10” Any 3-party FMI CFD Control
sssss (Sil im) tool
X abes Y s faceblock orent B9 Create Statechart X X
Tl = f
@ @ Hydraulic Excavator ME Import ME Export I\(/:I:ssltr:r Cosim Slave
N ::wa'v icd X
o -
[ 11 2.0 i
[ | : Third-party software
User Interface
or muy
——— Third-party
& oy
g ! UNIT FUMETIGNAL
UniT INTERNAL
o Simcenter T MODEL
: h ‘ Amesim MODEL
6bu4 s 6,@ T MODEL 32
e = . : > e
c‘? LG ; AN
5 g-p §
£ 2 64
s L3blt t6b|t
»
B
s =)

Under Windows or Linux, a Simcenter Amesim user exports his model
as a 2.0 FMU for model exchange, i.e. without the solver embedded. The
FMU is compiled for both the 32-bit and the 64-bit architectures and
embeds all the tables used by the model

A user of a 3rd party FMI 2.0 compliant tool imports the FMU and selects
a solver suitable for solving both the 3rd party part of the assembled
coupled model and the Simcenter Amesim part contained in the FMU
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SIEMENS
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Thank you.



