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Summary This work focuses on issues related to topology optiminraditstatic geometrically nonlinear structures experieg&nap-
through behaviour. Different compliance and bucklingegidn functions are studied and applied to topology optatimn of a point
loaded curved beam problem with the aim of maximizing theoghaough buckling load.

INTRODUCTION

Since the pioneering work by [1], numerous papers dealirly tepology optimization have been published and stiffest
structural design by topology optimization has today bee@mn automated task implemented in commercial software.
Current research in topology optimization are thereforealed towards extension of the method to more complex-appli
cations with more difficult performance criteria. One of thest important objectives/constraints in structural mja-

tion is stability (buckling), and this also holds for topglooptimal designs that often have the nature of thin fraike-|
structures that inherently are prone to buckling.

This paper deals with the issues related to topology opéititim of static geometrically nonlinear snap-through peots
when the aim is to increase the structural buckling load fgiven mass. Specifically, we study different objective
functions in terms of compliance and buckling measures rfggrovement of the snap-through buckling load. A 2D
curved beam problem that exhibits snap-through behavimseas as an example of a generic buckling problem.

A well-known issue in topology optimization when applyingdiling criteria is artificial buckling modes in low den-
sity regions. The typical cure applied for linear bucklisgd penalize the stiffness terms within the buckling proble
differently, see [2, 3]. However, this approach does noehawnatural extension to nonlinear problems, as it results in
inconsistencies within the static problem and the desigsiteity analysis, and we propose an alternative approach
This study also highlights some possible negative imgbcatof using symmetry to reduce the model size and itis demon
strated how an initial symmetric buckling response charad by limit point buckling may change to an asymmetric
bifurcation buckling response during the optimizationqass. This problem may partly be avoided by not exploiting
symmetry, however special requirements are needed of gigsmmethod and optimization formulation.

METHODS

The finite element method is used for determining the strattesponse of the structure. A range of different objectiv
functions are applied in an attempt to increase the buckésigtance during topology optimization. These includedr
compliance, nonlinear end compliance, linear bucklingl monlinear buckling.

Static linear and geometrically nonlinear analysis ardiagor the different criteria and a range of different stwjteria
are used for the nonlinear analysis in order to investigeérmportance of geometrically nonlinear effects.

The linear buckling load is predicted by linearized eigesithing analysis by assuming linear behaviour and neglgctin
prebuckling displacements. The nonlinear buckling doteis based upon geometrically nonlinear static analysisaa
extended eigenbuckling problem is formulated and solvetervicinity of the buckling load. In order to avoid problems
with mode switching during the optimization process a nurab¢he lowest buckling loads is considered via the bound
formulation. See [4] for further details on the design sevrist analysis and applied optimization formulation.

The mathematical programming problems are solved by théigmabased optimizer MMA by [5].

EXAMPLE AND RESULTS

A generic plane stress buckling problem of a curved beanfjgeee 1, is applied in this study.
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Figure 1. Geometry, loads, boundary conditions, and material ptgsefor the 2D curved beam problem.
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Standard 2D 8-noded quadratic isoparametric displacebassd finite elements are used to model the beam. The mass
constraint for the topology optimization is set36% of the initial design. The structural response of the ihigieey
topology design with all element densities setpto= 0.5 is shown in figure 2. The stability of the initial design is
governed by a shap-through limit point instability with arsyetric buckling mode behaviour. Asymmetric buckling
response in the form of bifurcation-type instabilities ao¢ present. Therefore, symmetry is enforced to reduce thaein

size for the optimization studies.
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Figure 2. Load-deflection curves for optimum designs obtained by geaoally nonlinear analysis.

Optimum topologies and their final equilibrium curves frdm topology optimization studies on a half model are shown
in figure 2. The optimum topologies for optimizations 1-3,iethall considers compliance type objective functions,
are very different and so are their structural performar@ptimization 2, which minimizes nonlinear end compliance
at the limit load, has a higher buckling load than optimiaatl which minimizes linear compliance. Optimization 3
minimizes nonlinear end compliance in the postbucklingmegat a load factor of. i = 30. This topology design is
completely different from those from optimization 1 and 2ldras a much lower snap-through buckling load but a much
higher postbuckling stiffness. This clearly shows the inigace of geometrically nonlinear effects and that spexdad
should be devoted to choosing a proper load level for thinest optimization. Finally, the limit point buckling load
has been optimized directly by the nonlinear buckling cigtein optimization 4. The topological design and struatur
performance is very similar to optimization 2, thus minimaonlinear end compliance at the limit load seems to be a
good criterion to improve the buckling performance.

Figure 3. Asymmetric bifurcation buckling mode of optimal designrfr@ptimization 4.

To validate the design, a full model has been generated nprinig the topological design from optimization 4 and a
complete geometrically nonlinear assessment is carrieéd Surprisingly, it turns out that a new stability point ofeth
bifurcation type has been introduced during the optimarasiuch that the buckling load is less than half of the limihpo
buckling load. The loading point and buckling mode for thieltation point are shown in figure 2 and 3, respectively.

CONCLUSIONS

It has been demonstrated that topology optimization of gedoally nonlinear structures for increased bucklingiper
mance is a challenging task. We have shown that specialreeqants are needed of the analysis method and optimization
formulation in order to reliable deal with this problem.

References

[1] Bendsge M.P., Kikuchi N.: Generating optimal topolagie structural design using a homogenization meti@mnput Mehtods Appl Mech Eng
71:197-224, 1988.

Neves M.M., Rodrigues H., Guedes J.M.: Generalized lmpodesign of structures with a buckling load criteri@r.uct Optim 10:71-78, 1995.
Bendsge M.P., Sigmund O.: Topology Optimization: Thedtethods and Applications. Springer-Verlag, New York020

Lindgaard E., Lund E.: A unified approach to nonlinearling optimization of composite structureSomput Sruct 89:357-370, 2011.
Svanberg K.: Method of moving asymptotes — a new methodtfoictural optimizationint J Numer Methods Eng 24:359-373, 1987.

[2
[3
[4
5



