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Analytical sensitivity analysis for decoupling multi-scale topology
optimization of composites
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The present study proposes an analytical sensitivity analysis for a so-called multi-scale topology op-

timization introduced to minimization of compliance of three dimensional structural problems. The multi-

scale topology optimization is a strategy to optimize topology of microstructures applying a decoupling

multi-scale analysis based on a homogenization method. The stiffness of the macrostructure is maximized

with a prescribed material volume of constituents under linear elastic regime. A gradient—based optimization

strategy is applied and an analytical sensitivity approach based on the adjoint method is proposed to reduce

the computational costs. It was verified from a series of numerical examples that the proposed method has

great possibility for microscopic advanced material designs.

Key Words: multi-scale topology optimization, topology optimization, adjoint sensitivity analysis, de-

coupling multi-scale analysis, microstructures, homogenization
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Fig. 1 Traction force vector ¢ of a unit cell and macro-

stress vector £ in 2D
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Fig. 2 Concept of external material points having de-
grees of freedom for relative displacement vector and the
corresponding reaction force at an external material point

in 3D
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Fig. 3 Original and deformed homogenized bodies of

unit cells and its relation between macro-strain E
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Table 1 Material data

Young’s moduls (N/mm?)  Poisson’s ratio

phase-1 10 0.3
phase-2 10000 0.3
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Table 2 Accuracy of sensitivities of the proposed ana-

lytical approach

Finite difference approach ~ Analytical approach (proposed) Errors(%)

(. B) ACH/As; actas;

1,1 65.73017723 65.6644381 0.100013612
2.1 28.17007096 28.14190204 0.099995902
3.1 28.17007068 28.14190204 0.099994894
4,1 -1.33E-07 -6.63E-16

5.1 9.77E-08 1.50E-16

6,1) 4.44E-08 6.03E-16 -

1,2) 28.17007068 28.14190204 0.099994894
2.2) 65.73017609 65.6644381 0.100011885
(3.2) 28.17007068 28.14190204 0.099994894
4.2) -9.77E-08 -1.50E-16

(5,2) -1.69E-07 1.67E-16

6,2) -8.88E-09 3.26E-16 -

(1,3) 28.17007039 28.14190204 0.099993886
2,3) 28.17007011 28.14190204 0.099992878
(3.3) 65.73017438 65.6644381 0.100009293
4,3) -2.22E-08 -2.47E-16 -

(5,3) -1.33E-08 2.81E-16

6.3) -1.15E-07 5.33E-16

(1.4) -8.44E-08 -6.63E-16

(2.4) 5.33E-07 -7.50E-16

(3.4) 5.28E-09 2.47E-16 -

(4.4) 18.78005001 18.76126803 0.100010265
(5.4) -1.49E-07 8.14E-17

(6,4) -1.21E-08 1.13E-16

(1,5) 1.24E-07 1.50E-16

(2.5) -4.24E-07 1.67E-16

(3.5) 1.42E-07 2.81E-16

4.5) -1.78E-08 8.14E-17 -

(5.5) 18.78005001 18.76126803 0.100010265
6,5) -8.22E-08 -1.91E-16 -

(1,6) 1.47E-07 6.03E-16

(2,6) -3.37E-08 3.26E-16

(3,6) 1.27E-06 5.33E-16

(4,6) -7.11E-08 1.13E-16

(5,6) -1.38E-08 -1.91E-16 -

6,6) 18.78004972 18.76126803 0.100008753
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Fig. 6 Case—I: conceptual diagrams of uniform shear
deformation in the direction of x;x, of macro-structure
(upper) and the optimized topology of micro-structure

shown by unit cell and its patch (lower)
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Fig. 8 History of load—displacement diagram (case-I)
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Fig. 9 Case-II: conceptual diagrams of uniform shear
deformation in the direction of x;x, and x;x3 of macro-
structure (upper) and the optimized topology of micro-

structure shown by unit cell and its patch (lower)
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