Multi-Objective Optimization with modeFRONTIER

Simulation plays an important role in modern product design and development. The most general procedure can involve
the design of the product in a CAD system, the mesh generation and finally the numerical simulation to test it regarding
several performance criteria, often involving more than one discipline and/or software (e.g. acoustics, durability, impact
behavior, cost modeling, manufacturing process, etc.). Optimization techniques are used to try to extremize such
performance factors — for example to maximize efficiency and durability while minimizing weight; minimization of cost is
probably one of the most common goals. Until recently, optimization was a manual process, where designs would be
created and analyzed individually; each time the performance and cost would be assessed, until an “optimum” result was
arrived at. This was obviously a time intensive process, requiring a lot of human intervention. Often this process was
limiting the optimization approach to a single discipline (e.g. minimizing weight considering only stress analysis), without
the chance to consider the real problem in a multi-disciplinary and multi-objective fashion, including more disciplines
and/or cost modeling.

These days optimization software programs, such as ESTECO’s modeFRONTIER, act as robots controlling the design
process. The role of the user is to create a parameterized digital model, for example in a CAD program, and to specify the
objectives, or goals, which he wishes to attain. modeFRONTIER’s workflow definition facilities enable the construction of
process integrations, some of which can be quite complex, combining several CAE tools together involving several
disciplines, if needed. Standard applications such as Excel and Matlab can also be included. modeFRONTIER drives this
chain by modifying the design variables to try to achieve the user-specified goals.
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Figure 1

A fairly simple example is shown in Figure 1, where the variables are set by modeFRONTIER, the values fed to a CAD
program, where the geometry is modified, and the surface is passed as a file to a mesh generator, which in turn creates a
volume meshes file to be passed to the analysis tools, here a FEA and an acoustic code. On completion of the analysis,
certain performance criteria are extracted, either to maximize (for example, a proper frequency), minimize (for example,
the cost, or the sound power level), or to be constrained (if certain factors should be kept within defined limits). The
optimization algorithm employed will depend on the number of objectives, number of variables, time to complete a single
analysis, and other considerations.

All the major CAD and FEA commercial codes have been successfully coupled and documented, while for some of them
dedicated interfaces are available, in order to provide an even more seamless integration in the workflow.

modeFRONTIER’s strength is in multi-objective optimization; frequently there will be more than one objective, and these
may be in conflict — hence, extremization of one goal can only be achieved at the expense of another. In such a case,
rather than trying to reduce all objectives to a single weighted function, it is better to keep the objectives separate, as was
seen in Figure 1. The optimization process will then lead to a trade-off curve, or Pareto frontier.



Figure 2 shows an example of structural optimization, where the goals were the maximization of the part’s first proper
frequency, and the minimization of its cost: the imaginary curve of results at the bottom right angle of the scatter plot is the
Pareto frontier which contains the Pareto-optimal designs. In other words, any design on the curve can be considered to
be a good candidate for the final design; the exact point chosen will depend on the product’'s market, consumer
preferences, etc. Points at the bottom left part of the “frontier” are clearly favoring designs with low costs, while those at
the top right of the curve give priority to high frequency (quality). This curve allows the decision-maker to understand the
“cost” in competing objectives, of any design selected. A Genetic Algorithm was used in the case shown in Figure 2; other
optimization methods available in modeFRONTIER range from Simplex and Gradient Methods to Game Theory and
Evolutionary Strategies.
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Figure 2

modeFRONTIER also offers an extensive set of modules to help the user, including design of experiment (DOE)
techniques, robust design optimization, advanced decision making algorithms (especially useful when dealing with several
objectives) and powerful statistical and graphical tools to better determine the effects of input variables on outputs.

An example of the latter, is the pie chart of Figure 2, depicting a t-student test over the result data. The different pies are
representing the 2 objectives, while the colored slices show the influence of each input parameter over the considered
objective. This way, it is easy to understand that the green input has a lower-order influence with regard to both objectives
compared to the red and blue parameters.

Such features have lead to extensive use of this software by testing engineers for the analysis of experimental data as
well as by simulation engineers.

Authors information: This article was originally compiled by Nader Fateh, Esteco North America Inc. in August 2006.
Some of the data and picture material has been updated by Dr. Luca Fuligno, EnginSoft S.p.A. Trento — Italy in November
2007.

modeFRONTIER is a product of ESTECO srl, Trieste-Italy

For more information, please visit www.esteco.com

EnginSoft SpA promotes modeFRONTIER in Europe through a hybrid network of subsidiaries, joint ventures and sub-
distributors: www.network.modefrontier.eu

EnginSoft is a consulting company operating in the field of Computer-Aided-Engineering (CAE), virtual prototyping,
process simulation and, more generally, scientific IT targeted to the optimization of design and production processes.
Our mission is to spread the culture of digital technologies to both production and research fields. We pursue this
challenge by offering engineering consulting services, a range of world-class CAE software, dedicated training courses
and by promoting conferences, collaborations with research institutes, and publishing activity.

www.enginsoft.net




