m eCanon

Center for Nonlinear Mechanics
COPPE-POLI|UFR)J

COM783 VMecanica de Sistemas Inteligentes:
Materiais Inteligentes e Suas Aplicacoes

Prof. Lua G. Costa

Universidade Federal do Rio de Janeiro (COPPE/UFRJ)

Programa de Engenharia Mecéanica (PEM)



Materiais Inteligentes: Acomplamento Multifisico

Mecanico Térmico Elétrico

Atuadores
Sensores
Dispositivos de Controle
Dissipadores de Energia
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Mecanico Térmico

Shape Memory Alloys (SMASs)
Shape Memory Polymers (SMPs)
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Mecanico Elétrico

Piezoelétricos
Elastdmeros Dielétricos / Eletroestrictivos

Fluidos Eletroreolégicos
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Materiais Inteligentes: Acomplamento Multifisico

Mecanico Magnético

Magnetoestrictivos
Fluidos Magnetoreoldgicos / Ferrofluidos
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Mecanico Térmico Magnético

Magnetic Shape Memory Alloys (MSMAS)
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Mecanico

Y
Light -Activated Shape Memory Polymers (LASMPSs)
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Mecanico Térmico

Y
Light -Activated Shape Memory Polymers (LASMPSs)
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Térmico Elétrico

Piroelétricos

Termoelétricos
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Materiais Inteligentes
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Trabalho disponivel por unidade de volume
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Mecanico Elétrico

Piezoelétricos
Elastdmeros Dielétricos / Eletroestrictivos
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Piezoeletricidade

Pierre Curie (1859 YV 1906) Paul -Jacques Curie (1856 V1941)
Efeito Direto (1880)

&
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Piezoeletricidade

Gabriel Lippmann (1845 V1921)
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Efeito Inverso (1881)

\I'/

Processo Reversivell




Materiais Piezoelétricos

Lead Zirconate Polyvinylidene
Topazio Titanate (PZT) Fluoride (PVDF)

Quartzo

Y Y

Naturais Sintéticos

Mecanica de Sistemas Inteligentes - Materiais Inteligentes e Suas Aplicacdes



Materiais Piezoelétricos  VPrincipio de Funcionamento

SiO,
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Materiais Piezoelétricos  VPrincipio de Funcionamento
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Estrutura Nao
Centrossimétrica!l
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Materiais Piezoelétricos  VMétodo de Producao

REQUISITO: Material ser ferroelétrico (possuir polarizagao elétrica espontanea)

Domains (from nm to ym)
A

£ N

Ceramic (~mm) Grains (~ym)
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Materiais Piezoelétricos  VMétodo de Producao

Lead Zirconate 1. Os materiais brutos em (Pb, Zr, Ti) em formato de p6 s&do misturados
Titanate (PZT)

acima da temperatura de Curie ( Te).

2. O material resultante é moldado na geometria desejada
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Materiais Piezoelétricos  VMétodo de Producao

Lead Zirconate
Titanate (PZT)

Mecénica de Sistemas Inteligentes

1. Os materiais brutos em (Pb, Zr, Ti) em formato de pé sdo misturados

acima da temperatura de Curie ( Te).

2. O material resultante é moldado na geometria desejada

® Pb2+
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Materiais Piezoelétricos  VMétodo de Producao
(a) (b)

Lead Zirconate
Titanate (PZT)
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A Polarization
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P (polarization)
A

S (strain)

Operation range A _
B Operation rangeB

inner hysteresis - - - - .. /.

outer hysteresis - - - -

N . -
virgin branch

E (ﬁeld.s
virgin branch
E (field)
(a) Polarization diagram (b) Butterfly diagram
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Wu et al. (2021)
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Materiais Piezoelétricos  V Desafios
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Eletrdmetro de Quartzo (1898)

[
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Sonar VPrimeira Guerra Mundial (1917)

‘ondas refletidas

Emissor/
Receptor

ondas emitidas' ‘
L

distancia r
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Fondgrafo, Captadores e Emissor de Sons
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Isqueiro Piezoelétrico
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Sensores Flexiveis

(A) (B)
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Sistema de Treinamento Inteligente

() - (b) (c)

- Kapton

(Al () PZT Particles

' PVDF Lamellar Crystal

(@)

Tian et al. (2019)
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V Atuadores e Sensores

Controlador por Realimentagéo (Feedback)

Deng etal. (2019)




Materiais Piezoelétricos  V Atuadores e Sensores

Sensores Biométrico  VMonitoramento Fisiolégico

Controle tatil
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Wang et al. (2017)
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Materiais Piezoelétricos  VControle e Atenuacéo de Vibracéao

Metaestruturas Eletromecéanicas

(a) 40t
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Jian et al. (2024)
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Materiais Piezoelétricos  VControle e Atenuacéo de Vibracéao

Metaestruturas Eletromecéanicas
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Materiais Piezoelétricos  VControle e Atenuacéo de Vibracéao

Metaestruturas Eletromecéanicas

piezoelectric

(a) defect
Propagating
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Alshagaq etal. (2023) Jian et al. (2025)
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Materiais Piezoelétricos  VControle e Atenuacéo de Vibracéao

Metaestruturas Eletromecéanicas
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Materiais Piezoeletricos  VColheita de Energia

Fontes de Energia Mecénica
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Fontes de Energia Mecanica
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Infraestrutura Civil

Erturk (2011) @ Peigney & Siegert (2013) Zuo & Tang (2013) | Xiang et al. (2014) Elhalwagy et al. (2017)
Wang et al. (2018)
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Movimento Biomecanico de Orgaos

Dagdeviren et al. (2014)
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Materiais Piezoelétricos

V Colheita de Energia

Biologia: Monitoramento de Vida Selvagem

Thin-Film Solar Cells
Thin-Film Battery

Piezoelectric Energy
Harvester

Thermoelectric
Energy Harvester

Neural Electrode
Implants
Micro-controller
Generic Sensors

Self-powered
acoustic

micro-transmitter

PZT transducer

MFC
(Energy harvester)

Circuit board

Reissman et al. (2011)
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Aktakka et al. (2011)
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Shafter et al. (2015)

Lietal. (2022)
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Sensores Sem Fio Auto -Alimentados, MEMS, Dispositivos Vestiveis

duToit et al. (2006) Lee and Choi (2014)

Mecanica de Sistemas Inteligentes - Materiais Inteligentes e Suas Aplicacbes



Materiais Piezoelétricos

m§

V Colheita de Energia
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Energy Loss
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N e
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V Colheita de Energia

B Base || Host Structure [ Transducer [ Tip Mass £:| Circuit

Power [mW]

Linear
Harvester
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Ouput Power (W)

Frequency (Hz)
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MSS device
Beam device
A =933 mW/s
A=2.75mW/s

100 200 300 400 500




Materiais Piezoelétricos

Sistemas Multiestaveis

Erturk et al. (2009)
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V Colheita de Energia

Power [mW]

Nonlinear
Harv ester

Linear
Harv ester
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Materiais Piezoeletricos  VColheita de Energia
Sistemas Multiestaveis

T1TU 8
L= ] &

Erturk et al. (2009) Kumar et al. (2015) Zhou et al. (2017) Masana & Dagaq (2011) Friswell et al. (2012)
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Sistemas Multiestaveis
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Sistemas Adaptativos

(b) Z |
F - % 0
. AN Lu I

Adeodato et al. (2021)

Experimental

== Low Temperature

[| — High Temperature
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Numerical
= Low Temperature
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Analytical

Low Temperature

Q@ High Temperature

Yuan et al. (2019)
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Sistemas Nao -Suaves
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Sistemas com Estratégias de Melhoria Hibrida
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Normalized Output Power

MHEH vs CPEH
(different excitation angles)

37 | -- CPEH

Normalized Frequency




