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Last year, during the first Hyperworks Technology Conference in Berlin, we presented an
experiment, applying Topology Optimization to perform the passenger shelter showed in the 
picture below.

Today, we present a new exploration of structural optimization potential applied in the 
Industrial Design field, purposing a different methodology to design a chair. 
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The design guidelines for environment sustenability are oriented to saving.

We can obtain this goal optimizing the material and maintaining the same product features. 

The research area is the field of Industrial Design.

We propose to investigate the relationship between structural optimization and material 
optimization from the Eco-Design point of view.
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We are trying to define an innovative design methodology strongly orientend to material 
saving, monitoring: shape, structure and recycled materials.

We can integrate structural optimization principles and rapid prototyping technologies in 
the first stage of the design process, operating a technological transfer from the Mechanical 
Engineering to Industrial Design.

The designers using this methodology can work on products structurally efficent and  
transform concept to reality from their sketches saving time.
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To investigate potential of already known theoretical tools

Structural Optimization problems - Optimization techniques - Physical and mechanical 
characteristics of new recycled materials - Parametric design tools - Structural analysis tools 
- Study Cases & Success Cases.

Methodology development

To integrate Structural Optimization in the first stage of design process.

Sperimentation & Validation

Sperimentation and Validation will be performed by using an high profilecommercial 
software and rapid prototyping technologies to realize study cases of product design.

All the design phases will be performed integrating structural optimization with:
CAD – CAE – CAM. 
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These techniques were used during the 2008 
Eco-design and Eco-innovation Master course in 
our university. 

We worked on chair models.

Starting from existing products we tried to 
optimize the structures using recycled materials.

Using Altair Hypermesh we setup a very simple 
models applying vertical and horizontal load 
combinations. 

We run topology optimization with Altair 
Optistruct obtaining the appealing and “organic”
results showed in the picture.  

A re-design stage was performed after the 
analyses. 
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An interesting re-design solution was created by the designer Lodovico Bernardi.

We generated a family of results using different thresolds and re-design a new chair using 
recycled alluminium instead the originary plastic.

Following the analysis results the designer was oriented in the structural choices.

Now we are ready to repeat the process and test the strength of the chair in according with 
the italian standards and improve the result using Altair Optistruct for shape optimization or 
size optimization ad example.
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In the animation on the left side you can see the 3 stages of the methodology:

1_The original shape of the chair
2_The optimization results in stl file format
3_The re-designed chair

In the animation on the right side you can see the final re-designed “B chair”
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For this case study we started from different 
assumptions.

To study “V chair”we exploited Altair Optistruct 
potential to suggest structural shapes starting 
from a simple model.

On the left you can see the starting model and the 
result. 
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We modeled a large Design Space so we had an interesting case for the optimization code.

This stage was performed using solidThinking software.

Thanks to its parametric modeler features and construction history, it is possible to
develope and modify 3d models quickly.  
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We imported the file in Altair Hypermesh for the model setup:

Loads definition; a combination of vertical pressure on the seat area and horizontal
pressure on the backrest area.

Constraints definition;

We are almost ready to use Optistruct.
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Few snippets from Optistruct .out file can be seen in the animation below 
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Evolution of the structure during the 51 steps to obtain convergence 
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A detail of the evolution of the structure can be seen in the animation below 
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In the picture below a Rendering Animation in CG of “Vchair”evolution   
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Using Objet technologies is possible prototype complex shape very fast.

Few snapshots from the Rapid Prototyping process performed by Eden machine.
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This phase for most of you is a trivial because it is the common way in which
mechanical engeneers design and construct mechanical components.

In Architecture and Industrial Design these technologies could have great potential.

For a small or medium set of products we could working to move from rapid prototyping
to rapid manufacturing.



A methodology to operate with Topology Optimization to define the structural form was 
planned and tested but... 
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“B chair”can be improved in according with product design standards. 

“V chair”shape has an early conformation hard to be manufatcured.



Using Altair produtcs we are working on CAE trained design based on standards.
In our Department we are working on the definition of an automatic re-design procedure 
based on reverse modeling techniques.

We need to combine:

Structural optimization

Recycled materials

Parametric Modeling

Construction History  features

Rapid Prototyping Technologies

to reduce time-to-market of our products.

We are working in order to provide designers with Advanced Technologies Tools.
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