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Multidisciplinary Analysis, Design and Optimization (MADO) typically requires
connecting a wide array of tools and technologies often including an optimization loop.
While this approach is workable, it is fragile (many tools, many versions) and slow, since
the heterogeneity of the software makes it hard to optimize performance.

Modelica (www.modelica.org) is far better suited for doing this, and offers significant

advantages. In combination with the Functional Mockup Interface (FMI),

(www.fmi-standard.org), an open standard that greatly reduces the heterogeneity of

models, a large number of tools can be combined with small interfacing effort, and good
computational performance. FMI is an optimization-friendly technology including
support for gradient-based optimization in an integrated fashion. FMI is already
supported by more than 95 different tools across many types of disciplines and
industries and thus extends applications significantly beyond what Modelica alone can
offer, in particular for coupling 3D engineering analysis tools like CFD and FEM
methods.
This talk describes how Modelica and FMI can greatly accelerate design decisions early
in the design cycle and looks into the future how tools can further improve to support
rapid design iterations. System level optimization examples and opportunities will be
demonstrated for automotive and aerospace vehicles:
e Modelica supports working with structured but flexible system architectures
that support architecture design exploration and optimization.
e Modelica is well suited to support different analysis types based on a
consistent model structure:
o steady-state and transient,
o time-domain and frequency-domain based,
o simulation and optimization
o system structure analysis, FMEA, Safety Analysis
o Requirements compliance analysis
e Modelica and FMI are widely accepted and quickly growing standards
o The reuse of models across different physical domains and analysis types
based on a common and consistent model infrastructure further reduce the

effort and cost of system level modeling.


http://www.modelica.org/
http://www.fmi-standard.org/
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e FMI is easy to wrap around in-house and legacy codes

e FMI provides an easy way to provide system level boundary conditions to
CFD and finite elements

e Several Finite Element and CFD codes allow the exporting of parameterized
3-D models as parameterized response surface models or modal models
compatible with FMI. This extends the applications to include aerodynamics
or structural elasticity and higher frequencies in Mechanics.

o The numerical consistency of a coherent structure can lead to tremendously
improved performance (several orders of magnitude) compared to MADO
across loosely coupled heterogeneous tools.

o The cost and licensing structure of Modelica and FMI make it very attractive

to use in HPC environments

The possibilities of this process will be explored with one example each from the

automotive and aerospace industries.
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