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AGENDA

* Motivation — Coupling

° State of Practice

®* Coupling Approaches

°* Thermal Management System
® Physical Interface

®* Integration Platform

* Time Management

°* Examples

® Conclusion and Outlook
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STATE OF Practice

* Fixed Coupled Solutions
* Specialized Coupling Technologies

Engine COM
Modelica/Dymola s > Simulink CORBA
/ Excite
Cooling System > 3D CFD

//// MPCCI
Own Models ? v 3D FEM

CPP/Fortran Powertrain mﬂf}ﬁgs
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COUPLING APPROACHES
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MONOLITHIC APPROACH

° Different Physics in one Model

°* Same Numerical Solver for all Physics

° Strong Coupling between the Models

°* New Modeling for existing Models required
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PARTIAL APPROACH

®* Commercial Simulation Tools, Existing Models
° Different Numerical Solver for each Physic

* Light Coupling between the Models

° Establish an Coupling Environment
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COUPLING APPROACH
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COUPLING APPROACH
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Integrator

Input Data
Model 1

KULI_COM.initialise()

KULI_COM.ScanCOMInterface{in and out COM parameters are read}
MTS_VAR_DEF{ in and out parameters are published}
MTS_VAR_PUBLISH{ blocking command }

Output Data Physical.
Model 1 Interface

While KULI_COM_NexiTimeStep

MTS_VAR_GET{ new parameters, time}
KULI_COM.set_values( parameters write to KULI)
KULI_COM_Innerlteration
KULI_COM.get_values( parameters read from KULI)
MTS_VAR_PUSH{ new parameters, time}

MTS_VAR_SIM{ new parameters, time}
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CRUISE_DLL.initialise()

CRUISE_DLL ScanCOMInterface{in and out parameters are read}
MTS_VAR_DEF{ in and out parameters are published)
MTS_VAR_PUBLISH{ blocking command }

For CRUISE_DLL _TimeStep

MTS_VAR_GET{ new parameters, time}
CRUISE_DLL.set_values( parameters write to KULI)
CRUISE_DLL _Innerlteration
CRUISE_DLL.get_values( parameters read from KULI)
MTS_VAR_PUSH{ new parameters, time}

MTS_VAR_SIM{ new parameters, time}
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SYNCHRONIZATION PROCESS

° Stability and Data Exchange must be ensured
° Continuity (Energy) must be ensured
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SYNCHRONIZATION PROCESS
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COUPLING
Input Input Input Input Input
Parameter Parameter Parameter Parameter Parameter
Cooling Thermal Engine Powertrain
Package Network

|

o]

0000

|

|

Output Output
Parameter Parameter

|

Output
Parameter

8 48

Output Output
Parameter Parameter

Wolfgang Puntigam




Area 2 - Thermo- and Fluid Dynamics The Virtual Vehicle

MODULARITY — 1D 3D Coupling
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MODULARITY — 1D 3D Coupling
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MODULARITY — 1D 3D Coupling
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MODULARITY — Driving Simulation
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MODULARITY — Driving Simulation
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MODULARITY — Driving Simulation

® Global transient Simulation
° Interaction between different subsystem
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EXAMPLE - DRIVING SIMULATION

BERLIN_CASE3, BERLIN_CASE

3

File Simulation Grafic  Environment  Settings

1na

simllation fime:

Select parameter

In this section you can query parameters of working server

gui port: | 5555 virtual caleulation methad of GUI e —

calculation time: 00:00:02:2

¥ torque, BOOST

™ o kopf, BOOST
™ aliner, BOOST
% t_wasser, KULI
¥ t_oel KULI
bt Kl

™ q_kolben, BOOST

- DATAMWRITE torque 14 6034708646 0 86 0334310000

Server connected by 192 168.182.29°, 1623]
&t Sun 4pr 02 03:34:11 2006
DATAMRITE vel 146000000000 0 5. 7697560000
DATAMRITE load 14.6000000000 0 0.0000000000
Server connected by 192,168, 182,29, 1624]

at Sun Apr 02 03:34:11 2008
DATAWRITE vel 147000000000 0 55769270000
DATAMWRITE load 14.7000000000 0 00000000000
Server connected by [192.168,182.29', 162€]

LI at Sun Apr 02 03:34:12 2008

™ Stores incomiming data values of the selosted parmater in & file

reset form | [ hide form [ disable form

7.89

« | Reset

Server Adiesse Parameter || ot || zet || Ergebrisse i
CRUISE 127.0.01/3333 wel ms 600000000 57697560000
CRUISE 127.0.01/3333 load ms 600000000 0,0000000000
CRUISE 127.0.01/3333 vel ms 700000000 5 5769270000
CRUISE 127.0.0.1/3333 Ioad mis 700000000 0,0000000000
BOOST 127.0.0.1/2222 torque m/s 036646537 &7 7563670000
CRUISE 127.0.01/3333 wel ms 00000000 5 3670840000
CRUISE 127.0.01/3333 Ioad mls 00000000 0,0000000000
CRUISE 127.0.01/3333 vel mis 300000000 51948760000
CRUISE 127.0.0.1/3333 load m/s 300000000 0,0000000000
BODST 127.0.01/2222 torque m/s 003807510 6 (930550000
CRUISE 127.0.01/3333 wel m/s 000000000 50062430000
CRUISE 127.0.0.1/3333 Ioad mis 000000000 0,0000000000
CRUISE 127.0.0.1/3333 wel mis 100000000 4,3287540000
CRUISE 127.0.01/3333 load m/s 100000000 £,0000000000
SIMULINK 127.0.01/33% kopf K 000000000 2354321620000
SIMULINK 127.0.01/3393 t_liner K 000000000 2956543210000
reset stipchart | | hide stipchart | disable stripchart
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SUMMARY
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CONCLUSION

What we received ...
®* Independent Coupling Approach
®* Modular and Flexible Structure

° Independent from Simulation Models and Simulation
Programs

®* Approach for the Simulation of Comprehensive
Models — Entire Venhicle
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OUTLOOK - VISION

* F Hardware A
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open Interface

'
Hardware B
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