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PII: S0045-7825(18)30194-4
DOI: https://doi.org/10.1016/j.cma.2018.04.016
Reference: CMA 11867

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date : 7 April 2017
Revised date : 7 November 2017
Accepted date : 10 April 2018

Please cite this article as: A. Donoso, J.C. Bellido, Robust design of multimodal piezoelectric
transducers, Comput. Methods Appl. Mech. Engrg. (2018),
https://doi.org/10.1016/j.cma.2018.04.016

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cma.2018.04.016


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Robust design of multimodal piezoelectric transducers

Alberto Donoso and José Carlos Bellido
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Abstract

This paper aims to present an elegant way to design multimodal piezo transduc-

ers, i.e., piezoelectric sensors/actuators that succeed in filtering a set of desired

eigenmodes among those belonging to a bigger set prescribed beforehand. That

can be efficiently done by regarding the design problem as one of the topology

optimization, where the design variable taking on the values either -1 or 1 physi-

cally represents the polarity of the electrodes. It can be analytically proved that

this optimization problem has classical solution, and indeed it is unique. Mo-

tivated by fabrication issues happening at the micro scale, it is also considered

the robust version of that problem, that is, the design of such devices whenever

the feature size of both polarity phases are underneath limited.
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1. Introduction to the piezoelectric effect

Piezoelectricity is the ability of some materials to transform mechanical en-

ergy into electrical one and vice versa [1]. Whenever a piezoelectric material

does the former, that is, to produce an electrical signal on deforming, it is said

it works as sensor and conversely, it does as actuator whenever it strains under5

an applied voltage. Typically, these sensors/actuators or just transducers are
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