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Part A: On Free Material Optimization and
Inverse Homogenization

See also the lecture by Manuel Luna Laynez yesterday



Free Material Optimization (FMO) setup



Examples for additional state constraints



Regularizations and additional constraints



H-compactness (see also Haslinger et.al.1996, Allaire 2002)
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Existence result based on H-convergence



Material design

Goal: find a microstructure, which yields desired macroscopic 
material properties  

Idea: 

Macroscopic 
material

Representative 
base structure

?

material design

Bendsoe, Sigmund, 
Diaz, … 



3-D auxetic elastic material



Optimization: auxetic materials

... still difficult to realize in practice ... 

Isotropic auxetic structures in 3D



Optimization: other criteria

light weight design
given porosity
maximize stiffness
isotropy

Goals:

2 typical results: porosity 90%; a base structure (l); several 
elements (r) 



Part B: Optimization of coeeficient matrices with
vanishing eigenvalues

Günter Leugering
and

Peter I. Kogut
Submitted 2011

Strongly related to the work by
Giuseppe Buttazzo and Peter Kogut

Rev. Mat. Complutense 2010



Modeling



Degeneration of eigenvalues



Weighted spaces



Sequences in varying spaces



Convergence in variable spaces



Lower semicontinuity



Weak and strong convergence



w-Convergence



Compactness



Assumptions



Weakly degenerate PDE



Admissible controls and concept of solutions



The optimal control problem



Existence result



Proofof the theorem ….



Proof cont.



Part C: Towards life-cycle optimization
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The evolution of damage



Remarks and results in brief:



Life-cycle optimization



Typical picture….here for a spring
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