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Abstract: We present a simplified model of mechanical behavior of large cantilever arrays with 
discoupled rows in the dynamic operating regime. Since the supporting bases are assumed to be 
elastic, cross-talk effect between cantilevers is taken into account. The mathematical derivation 
combines a thin plate asymptotic theory and the two-scale approximation theory, devoted to strongly 
heterogeneous periodic systems. The model is not standard, so we present some of its features. We 
explain how each eigenmode is decomposed into a product of a base mode with a cantilever mode. We 
explain the method used for its discretization, and report results of its numerical validation with full 
three-dimensional Finite Element simulations. Finally, we provide a short description of parameter 
updating and identification techniques developed for the model. 
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1. Introduction 
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2. Geometry of the problem 
 

 
 

 
 

Fig. 1. Two-dimensional view of (a) the full cantilever array (b) a unit cell 
 

3. Two-scale approximation 
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4. Model description 
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5. Structure of eigenmodes 
 

 
 
6. Model validation  
 

 
 

 
 

Fig. 2. Cantilever Array with tips (a) and without tips (b) 
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Fig. 3. Eigenmode Density Distributions for Finite Element Model and for the Two-Scale Model 
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Fig. 4. MAC matrix between two-scale model modes and FEM modes 
 

 
 

Fig. 5. Two-scale model eigenmode shapes and FEM eigenmode shapes 
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Fig. 6. (a) Superimposed Eigenmode Distributions of the simple Two-Scale Model with the full three-
dimensional Finite Element Model (b) Errors in logarithmic scale 

 
7. Model identification 
 

 
 
7.1 Global Sensitivity Analysis (GSA) 
 

 

 
 

Fig. 7. Model eigenmodes (B=base mode, C=cantilever mode) 
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Fig. 8 (a) Correlation coefficient matrix, (b) Singular Value Decomposition matrix, (c) Singular values 
 
7.2 Updating by Sensitivity 
 

 
 
7.3 Inverse identification 
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Fig. 10. Identification results for the parameters (a) hB (b) Lbeam 
 
8. Conclusion 
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