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Abstract

Keywords: Compliant Mechanisms, Topology Optimization, Micro-architectured
materials, database

1. Introduction

2. Formulation of the optimization problem

2.1. Compliant mechanisms

min
⌦

J(⌦) = (u� uP )
T D (u� uP )

s.t. : G (ũ) = 0
(1)

2.2. Adapted SIMP Method for the incorporation of micro architectured materials

SIMP method :
- Density replaced by material properties

- Computation of the topological gradient
- Optimality criteria

Preprint submitted to Elsevier January 6, 2020

Développement de l’abaque numérique 
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Figure 14 - Abaque numérique dans son état initial 

 

Figure 15 - Abaque numérique en fonctionnement 

 

Figure 16 - Abaque numérique en fonctionnement 

Notons que le rapport d’anisotropie est calculé à titre informatif comme étant le rapport suivant : 

𝑟𝑎𝑛𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑒 =  
min (𝐶11

ℎ , 𝐶22
ℎ )

max (𝐶11
ℎ , 𝐶22

ℎ )
  

L’abaque nous renseigne donc en temps-réel sur les valeurs des composantes du tenseur de 

comportement homogénéisé. Elle sera utilisée par la suite lors de la résolution de problèmes 

d’optimisation de la microstructure. 

Mécanismes souples à 
micro-architectures

Abaques de micro-architectures anisotropes
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Fig. 12. Numerical experiences for sensitivity analysis.

Fig. 13. Deflection of the welding work-piece modified by three input parameters
Cp , !, "y.

4.4. Application of computational vademecum to sensitivity analysis

Sensitivity analysis consists in the study of the influence of input
variation (uncertainties) on the output of a model. It is usually applied
to numerical welding simulation in order to find out the dominant vari-
ables on the output quantities (e.g. distortions or residual stresses) [48].

This section illustrates the application of the constructed 4 + 3D
computational vademecum for sensitivity analysis. As an example, the
influence of material parameters on the deflection of the welding work-
piece is studied herein. The displacement of the point A located at the
center of the bottom is selected as a measure of deflection (see Fig. 11).
For different input parameters, the outputs (space-time simulations of
welding) can be provided by the computational vademecum very fast,
which makes possible a database with a large number of numerical
experiences. Such an approach allows to avoid the cumbersome task of
repeating huge computations with a sampling technique.

Let us assume a set of material properties with uncertainties on
three parameters modeled as random variables with a normal distribu-
tion: thermal capacity Cp(J kg−1 K−1) ∼  (666, 66.62), thermal expan-
sion !(10−5K−1) ∼  (1.35, 0.132) and initial yield stress "y(MPa) ∼
 (400, 402), where  (#, "2) denotes the normal distribution with a
mean # and a standard deviation ". The convergence of the random
sampling is reached with 6050 numerical experiences, as shown in
Fig. 12(a). The mean value of the deflection is −5.48 × 10−5m. It should

be highly noticed that these 6050 experiences need totally 6050 × 7 h
(5 years !) with standard FE simulations. With the constructed com-
putational vademecum, the convergence is inexpensive, since the solu-
tions can be generated at very low cost (< 20 min). Fig. 12(b) illustrates
the distribution of the work-piece deflections at final time with 1000
numerical experiences. It is shown that the distribution of outputs has a
standard deviation of 12%, like input parameters. Focusing now on the
time evolution of the deflection in A, one can see that the deflection is
mainly influenced by ! and "y and slightly modified by the variation of
Cp, as shown in Fig. 13.

5. Conclusion

A new a posteriori non-intrusive strategy dedicated to construction
of multiparametric computational vademecum has been presented. A sep-
arate representation of solutions, which contains explicitly the param-
eter functions allowing the exploitation of the parameter space, is con-
structed by the HOPGD method with some pre-computed snapshots. A
dynamic relaxation method has been successfully applied to improve
the convergence rate of the HOPGD procedure. In order to efficiently
sample the parameter space, a multigrid method that allows automatic
localized refinements is employed to select the snapshots.

The application to construct computational vademecum for a nonlin-
ear thermo-mechanical problem shows the efficiency of the proposed
approach. For a given level of accuracy, limited memory is necessary
to store the snapshots. And the computational vademecum can provide
real-time space-time online response for any parameter value. The use
of computational vademecum can be helpful for simulation-based engi-
neering and sensitivity analysis. Future work consists in applying the
proposed approach to industrial engineering problems of welding (with
more realistic loading and possible complex metallurgy effects) and the
improvement of the multigrid method for high dimensional problems.
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