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Alternative Approaches to Structural 
Topology Optimization

Discrete structural model of 
beam/truss elements

Continuum structural model
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OUTLINE:

• PRELIMINARY IDEAS
• The analysis/design framework

• How to capture all possible 
structural forms?

• Model sparsity issue
• Problem size reduction

• APPLICATIONS
• Design for minimal compliance
• Design for stability
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Gradient-Based Optimization Algorithm

Optimal?

Initialization Starting Guess

Structural Analysis
Find u(b) 
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Capturing SPARSITY in Continuum Topology 
Optimization

• Fixed-mesh model of full envelope volume;
• must capture the form of the structure with realistic sparsity
• must capture mechanical performance of the structure

• Fine meshes are required;
• Implies large computational expense;

50% Material constraint usage 10% Material constrain usage 3% Material constraint usage

40 elements 100 elements 224 elements

20 elements 50 elements 112 elements
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Nodes having vanishing design 
variable values are denoted with 
open circles; filled circles denote 
nodes associated with nonzero 
design values; nodes represented by 
open circles with X’s are “prime”
nodes whose degrees of freedom are 
restrained in the size reduction 
method.  Elements designated with 
“S” are at least partially solid and 
those with “V” are devoid of material.  
Those designated with “P” are prime 
and need not be considered during 
structural analysis since all of their 
degrees of freedom are restrained.
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Strategy for Computational Efficiency:

1. Start with coarse structural model
2. Find associated optimal arrangement of 

material;
3. Construct a finer structural model;
4. Map the current design onto the finer 

structural model;
5. Reduce allowable material usage
6. Return to step #2.
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Fixed-End Beam Problem, Design for Stability
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Current Research Issues:

Designing Structures in 3-Dimensions
Iterative Eigensolvers

How to reliably solve: Kφ+λGφ=0 for 
the minimum eigenpair without 
ever forming or factorizing K or G?

Design of Compliant Mechanisms
Micro-devices


