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Motivation
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Functional designsMultiple materials Education Research

7/5/18

Pereira, Talischi, Paulino, Menezes, 
Carvalho, SMO, 2016

Talischi, Paulino, Pereira, 
Menezes, SMO, 2012

Schumacher, Bickel, Rys, Marschner, 
Daraio, Gross, ACM Trans. Graph., 2015

Qi and Halloran, J. Mater. Sci., 2004
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Discrete formulation
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where: Design variables

Set of material indices assoc. with constraint

Set of element indices assoc. with constraint

Element values (                  )

1. Zhang, Paulino, and Ramos Jr. Multi-material topology optimization with multiple volume constraints: A general approach applied to ground structures with 
material nonlinearity. SMO. 57:161-182, 2018.

2. Sanders, Aguiló, and Paulino. Multi-material continuum topology optimization with arbitrary volume and mass constraints. CMAME. 340:798-823, 2018.
3. Sanders, Pereira, Aguiló, Paulino. PolyMat: a Matlab implementation of multi-material topology optimization using unstructured polygonal finite element 

meshes. SMO. 58:2727-2759, 2018.

Solves
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Problem setup
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1. Zhang, Paulino, and Ramos Jr. Multi-material topology optimization with multiple volume constraints: A general approach applied to ground structures with 
material nonlinearity. SMO. 57:161-182, 2018.

2. Sanders, Aguiló, and Paulino. Multi-material continuum topology optimization with arbitrary volume and mass constraints. CMAME. 340:798-823, 2018.
3. Sanders, Pereira, Aguiló, Paulino. PolyMat: a Matlab implementation of multi-material topology optimization using unstructured polygonal finite element 

meshes. SMO. 58:2727-2759, 2018.
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Material interpolation
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1. Zhou and Rozvany. “The COC algorithm, Part II: topological, geometrical and generalized shape optimization.” CMAME. 89:309-336. 1991.
2. Bendsoe. “Optimal shape design as a material distribution problem.” Structural Optimization. 1:193-202. 1989.
3. Stegmann and Lund. “Discrete material optimization of general composite shell structures.” IJNME. 62:2009-2027. 2005.
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Continuation
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Sanders, Pereira, Aguiló, Paulino. PolyMat: a Matlab implementation of multi-material topology optimization using unstructured polygonal finite element 
meshes. SMO. 58:2727-2759, 2018.

convex
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Zhang, Paulino, and Ramos Jr., SMO. 57:161-182, 2018.

ZPR design variable update
(Primal) Linearized sub-problem at current design,       : exponential intermediate 

variables:

linear intermediate 
variables

Lagrangian of primal sub-problem:

Dual objective:

separable
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ZPR design variable update

Zhang, Paulino, and Ramos Jr., SMO. 57:161-182, 2018.

Stationary conditions of the separated Lagrangian…

Stationary conditions of the dual:

…lead to an explicit design variable update:

where:

monotonic in      ,
solve for      using bisection

Dependent on a single Lagrange multiplier
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ZPR design variable update
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Lagrangian duality leads to the following explicit design variable update:

Design is updated for each volume constraint, independently

1. Zhang, Paulino, and Ramos Jr. Multi-material topology optimization with multiple volume constraints: A general approach applied to ground structures with 
material nonlinearity. SMO. 57:161-182, 2018.

2. Sanders, Aguiló, and Paulino. Multi-material continuum topology optimization with arbitrary volume and mass constraints. CMAME. 340:798-823, 2018.
3. Sanders, Pereira, Aguiló, Paulino. PolyMat: a Matlab implementation of multi-material topology optimization using unstructured polygonal finite element 

meshes. SMO. 58:2727-2759, 2018.
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Defining the constraints
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Talischi, Paulino, Pereira, Menezes. “PolyMesher: a general-purpose mesh generator for polygonal elements written in Matlab.” SMO. 45:309-328. 2012.
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Michell cantilever
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** mesh has horizontal line of symmetry 

, , ,

Talischi, Paulino, Pereira, Menezes. “PolyTop: a Matlab implementation of a general topology optimization framework using unstructured polygonal finite 
element meshes.” SMO. 45:329-357. 2012.
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1 global constraint

15 global constraints
(one for each material)

30 local constraints

Michell cantilever
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Controlling geometric gradation: Serpentine
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** single material

Talischi, Paulino, Pereira, Menezes. “PolyTop: a Matlab implementation of a general topology optimization framework using unstructured polygonal finite 
element meshes.” SMO. 45:329-357. 2012.
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Controlling geometric gradation: Serpentine
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1 global constraint 84 local constraints
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Summary
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Many materials, Many constraints

Mixing and intermediate 
density penalization

ZPR design variable update scheme
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Library
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Sanders, Pereira, Aguiló, Paulino. SMO. 58:2727-2759, 2018.
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Thank You
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