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Nested systems allow for nested-loop analyses such as coupled RDO

• Outer System: Optimization

• Inner System: Robustness

Nested Systems- RDO

Tutorial: Help/Tutorials/Oscillator/Oscillator_Robustness

© Dynardo GmbH
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Nested Systems- TAGUCHI DOE

• Outer System: DOE 

• Inner System: Custom DOE 
(Custom Algorithm) for Robustness

© Dynardo GmbH
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Nested Systems- Run While Failed

• Outer System: Sensitivity 

• Inner System: Custom DOE (Custom Algorithm) 

© Dynardo GmbH
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Nested Systems- Do While Loop

• Outer System: Parametric System 

• Inner System: Custom Algorithm 

© Dynardo GmbH
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Nested Systems- Operating Points

Many technical systems run in 
different operating points 

• Outer System: Optimization

• Inner System: Sensitivity

© Dynardo GmbH
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The E-Machine Performance Map Workflow

Case Study: IPM Machine 2D
• Initial sensitivity study

RPM:
Current:

Load angle:

Parameters

[200, 1e4] s-1

[2, 100] Ampère
[0, 90] degrees

Responses

© Dynardo GmbH
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The E-Machine Performance Map Workflow

Workflow Overview

initial 
sensitivity 

study optimizer: 
finds voltage 

limit

efficiency map
= simulations on 
troque-vs-RPM 
grid with tuned 

load angle

All the tuning 
is done on 
this MOP

© Dynardo GmbH
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The E-Machine Performance Map Workflow

An exemplary efficiency map
• The graphically programmed workflow allows other paradigms
 free choice of inputs, responses, objectives, constraints

© Dynardo GmbH
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The Turbocharger Performance Map Workflow-
Aim of project 

Structure and function of an exhaust gas turbocharger 

© Dynardo GmbH
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main scientific issues is addressed:

• Implementation of an 
automated and 
standardized but also 
adaptive (in terms of 
the system´s response) 
process for numerical 
analysis considering 
all relevant operating
points (performance 
maps)

© Dynardo GmbH
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The Turbocharger Performance Map Workflow-
Aim of project
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Workflow:
• Driven by optiSLang
• Geometry and the 

1D flow computation (CFturbo)
• Meshing (TurboGrid)
• 3D CFD of performance map (CFX)

The Turbocharger Performance Map Workflow-
Method Overview

© Dynardo GmbH
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• geometry parameters are determined
to generate a 3D geometry (left)

• 1D flow computation of output 
parameters E (right)

The Turbocharger Performance Map Workflow-
Geometry (CFturbo)

© Dynardo GmbH
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• 3D Geometry (right)
• Meshing of periodic segment 

with TurboGrid (left)

The Turbocharger Performance Map Workflow-
Meshing (TurboGrid)

© Dynardo GmbH



16M. Wagner: Nested Systems and performance maps in optiSLang
13. Weimarer Optimierungs und Stochastiktage 1.-2. Juni 2016

• Calculation of Choke Points through
laws of similarity 

• Afterwards iterative reduction of the
mass flow until highest
poly. efficiency

The Turbocharger Performance Map Workflow-
3D CFD (CFX) 

© Dynardo GmbH

[3]



17M. Wagner: Nested Systems and performance maps in optiSLang
13. Weimarer Optimierungs und Stochastiktage 1.-2. Juni 2016

• Calculation of correlations,…
• response surfaces (MOP) and 

the sensitivity of input parameters
• objective function (ZF):

The Turbocharger Performance Map Workflow-
Results Evaluation

© Dynardo GmbH
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The Turbocharger Performance Map Workflow-
Conclusion and outlook

Methodology of adaptive analysis of performance maps:
 In Sensitivity and Optimization on MOP successful applied 
• enlarges method for performance maps in 3D-CFD

© Dynardo GmbH
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Conclusion and Outlook

Different nested systems have been applied in practical 
• Robustness in Optimization, Sensitivity in Sensitivity, Sensitivity in 

Optimization,…
• for specific requirements: use own algorithms to sample designs or to 

find optimal/robust solutions with Custom Algorithms

Next steps in the process : e.g.
Analyze importance of parameters in performance map with SOS
left: F-CoP y1 (88%), right: F-CoP y2 (36%)

Examples provided by Markus Stockmaier, Stefan Marth, Sebastian Wolf 
and Markus Wagner – please contact us at WOST or later



20M. Wagner: Nested Systems and performance maps in optiSLang
13. Weimarer Optimierungs und Stochastiktage 1.-2. Juni 2016

For more information 
please visit our booth

www.dynardo.com

Thank you for 
your attention!

© Dynardo GmbH

Gefördert durch den Freistaat Thüringen
aus Mitteln des Europäischen Sozialfonds.
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