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AGENDA. 

 Problem Definition 

 Virtual System Prototyping 

Virtual System Design 

Virtual System Integration 

 Test of Numerical Stability 

 Design Evaluation 
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PROBLEM DEFINITON. 

Problem 

How to achieve an 

earlier system level 

response? 

Solution 

Virtual System Prototyping 

 

Require-
ments 

As Is 

System 
Design 

Modul Design 

Component 
Design 

Component 
Test 

Modul 
Integration & 

Test 

System 
Integration & 

Test 

Late system level 

response 

 The later failures are 

found, the more 

expensive they are! 

To Be 

Require-
ments 

System 
Design 

Modul Design 

Component 
Design 

Component 
Test 

Modul 
Integration & 

Test 

System 
Integration & 

Test 

Early system level 

response  

 Early evaluation of 

system reduces the risk of 

missing the „best 

solution“! 
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VIRTUAL SYSTEM PROTOTYPING. 

1. Virtual System Design:  

Modeling & Designspace  

Architecting 

2. Virtual System 

Integration:  

Simulation & Designspace  

Evaluation 

3. Validation & Decision 

M
et

ho
d

 
Te

ch
no

lo
g

y 

Authoring Tool 1: 

Dymola 

Authoring Tool 2: 

MATLAB/Simulink 

Authoring Tool 3: 

N.N. 

FMU: 

powertrain 

FMU: 

controller 

algorithm 

Integration Plattform: 

IPG CarMaker 

FMU: 

powertrain 

M
et

ho
d

ol
og

y 

Physical Models 

Signal-oriented 

Models 
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VIRTUAL SYSTEM DESIGN. 

general packages modules/components models 

model 

components 

validate 

components 

design 

architectures 

validate 

architectures 
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VIRTUAL SYSTEM INTEGRATION. 

1. Definition of FMU with 

signal-oriented, 

CarMaker-specific 

interfaces 

 

2. Converting physical 

interfaces into signal-

oriented interfaces with 

modelica sensor 

component 

 

3. Synchronizing axes with 

modelica speed 

component 

 

FMU 



Robert Klein, EN-312, 19. September 2012 Seite 7 

VIRTUAL SYSTEM INTEGRATION. 

4. Exporting FMU using the 

Modelon FMI Toolbox 

 

5. Integrating the powertrain 

model using the 

OpenXWD framework 

 Use of „Integration 

Substeps“ with Euler 

solver possible  
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TEST OF NUMERICAL STABILITY. 

slope 1 mean square error 

• Analysing error with 

different step sizes 

• Mean square error over 

step size shows euler 

convergence in stabilized 

area 

step size 
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DESIGN EVALUATION. 

Acceleration: 

Skidpad: 

Endurance: 

How does the variation of Engine-

Power influences the 3 FSE 

competitions? 
1

,6
 m

 

1,02 m 

274 kg incl. driver 

ratio = 4.7 P = 50kW 
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DESIGN EVALUATION. 

Acceleration: 

Skidpad: 

Endurance: 
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DESIGN EVALUATION. 

with reduced 

weight by 20 kg 

at 274 kg total 

weight 

M5 

3300 

60 

22,2 

6,1 

5,29 

60,9 

2,39 
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PROSPECT. 

• Systematic Evaluation 

with Design of 

Experiments 

• Localize optimized Trade-

Offs 

Energy consumption 

L
ap

 T
im

e 



Robert Klein, EN-312, 19. September 2012 Seite 13 

THANK YOU. 


