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Materiais Inteligentes: Acomplamento Multifisico

Mecanico Magnético

Magnetoestrictivos
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Dominios Magnéticos

-> Formam-se pelo alinhamento de elétrons
desemparelhados (desbalanco de spin)
-> Mantem um baixo estado energético

(minimizam energia magnetoestatica)
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Dominios Magnéticos

Ferromagnetic

trereeeet

Antiferromagnetic

-> Abaixo de T, spins sao alinhados

paralelamente em dominios magnéticos

Abaixo de T, spins sao alinhados anti-

T ¢ T i T i T i T paralelamente em dominios magnéticos e se
L ) cancelam

Ferrimagnetic

Abaixo de T, spins sao alinhados anti-

T * T ¢ T * T ¢ T paralelamente em dominios magnéticos, mas
\_ /

nao se cancelam

Paramagnetic
- Spins sao orientados de forma aleatéria em

k T ¢ T T l T ¢ T T ) qualquer temperatura
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Dominios Magnéticos

Magnetic
orders

Mecanica de Sistemas Inteligentes - Materiais Inteligentes e Suas Aplicacdes



Dominios Magnéticos - Magnetizacao
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Dominios Magnéticos - Magnetizacao

Paramagnetic
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Antiferromagnetic
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Dominios Magnéticos - Magnetizacao

Ferrimagnetic
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Ferromagnetic
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Dominios Magnéticos - Magnetizacao

Magneticfield (H)
(In opposite direction)
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H Magnetic field (H)

Coercivity

Remanence

Saturation magnetization (In opposite direction)

Ferromagnetic hysteresis loop (M-H)
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Magnetoestriccao

James Joule (1818 - 1889)

Efeito Direto (1842)
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A deformacao ocorre devivo a reorientacao dos momentos
magnéticos internos ao material
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Magnetoestriccao

Emilio Villari (1836 - 1904)

Efeito Inverso / Efeito Villari (1900)
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A deformac¢ao induz uma mudanc¢a na magnetizacao do
material
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Magnetoestriccao

Comportamento Quasiestatico
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Magnetoestriccao

Comportamento com campo magnético harmonico aplicado
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Materiais Magnetoestrictivos

Terfenol-D Metglas
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Materiais Magnetoestrictivos

Terfenol-D (TbDyFe) il 1000-3000 Magnetostrictive
materials currently

PZT (for reference) |}

in use, developed by

Galfenol (Fe,; ,Ga) ] 120-300 the US Navy

Fe-Co alloys (FeCoX)[l] 80-140 Tohoku Steel

Permendur (Fe,,CoV) | 60-70 gl
Pure nickel ] <50
. Material not often
Permalloy B (Fe,s.5oNi) ] <30 S A
Pure ironf] <20 —frequency in issues
N ] of iron loss and

Ferrosilicon (Fe;Si)[| <5 dimensional change

s
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Magnetoestriccao (Efeito AE)

Honda & Terada (1907) — On the Change of Elastic Constants of Ferromagnetic Substances by

Magnetization
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Magnetoestriccao (Efeito AE)

Honda & Terada (1907) — On the Change of Elastic Constants of Ferromagnetic Substances by
Magnetization

Metglas 2605 SC
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Magnetoestriccao (Outros Efeitos)

Effect: Joule (Direct) Villari (Inverse) Wiedemann Matteucci

Application: Actuation Sensing/Harvesting  Actuation/Torque Sensing

OG

Sketch: = % M o % Y
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Materiais Magnetoestrictivos - Atuadores

Linear

Vibrations Shaft Set screw

Pre-stress spring

Attachment

Magnetostrictive
material

Magnet

Moon et al. (2007)
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Materiais Magnetoestrictivos - Atuadores

Cantilever

Fig.2. Fabricated actuator.

Iron plate
0375 SUS

0.625

Ueno et al. (2008)
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Materiais Magnetoestrictivos - Atuadores

Amplificadores
Lever
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Case
Coil Magnet
Magnetostrictive
material

Barlet et al. (2019)
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Materiais Magnetoestrictivos - Atuadores

Inchworm (Lagarta) Outros

X

N

Apicella et al. (2019)
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Materiais Magnetoestrictivos — Atuadores (Controle de Vibracao)
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Steel Plastic
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Deng et al. (2020)
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Materiais Magnetoestrictivos — Atuadores (Controle de Vibracao)

K

b
2\ Magnet (b)

Smart mounts stacks  Galfenol Plastic ring

Deng et al. (2020)
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Materiais Magnetoestrictivos — Sensores

T Force
_ | Rigid End
_____ T Plate Vic
o— —T—o

—T T Metglas
Excitation - 4| Pick-up N
Coil 91 1> 1 ! - Coil | |

q 4 >> Pick-up Coil

Rigid End ™
Magnetostrictive4/< T . -
Plate

Elements

Bichurin et al. (2021)

Dalpino (2004)
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Materiais Magnetoestrictivos — Colheita de Energia

Magnetostricive
material
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Materiais Magnetoestrictivos — Colheita de Energia

Tipo Axial
Impulse excitation Impulse excitation
from walking Floor from walking Floor
Magnetically-
conductive casing A  Magnet
O_\.> :
Pre-stress spring G—L —— Flextensional
<
o— Shaft C\> cage
= <l - Terfenol-D
< <
pa Magnetostrictive q
<
. oO— .
— materials Coil
Coil

Prestress spring

Screw
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Materiais Magnetoestrictivos — Colheita de Energia

Tipo Axial

Buoy

Wave

TN S L

Wave
Power generation
cell
Power generation
cell
Force
) Heavy plate
Casing
Coil
Magnetostrictive
- material .
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Materiais Magnetoestrictivos — Colheita de Energia

Tipo Flexural

Aluminum Brass

fixtur Coil Galfenol Stainless steel 316

Ti
Pickup coil 'pTnass

/

Magnet o Aluminum fixture
Base excitation

Galfenol

Base vibration

Galfenol Coil Proof mass

Magnets

Magnet Fixture

Steel

Fixt .
Stainless steel 1Ixture Coil Galfenol

X6Crl7 Base excitation
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Materiais Magnetoestrictivos — Colheita de Energia

Tipo Rotacional

Coil Galfenol

X

S
N
N

Rotating
shaft
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Materiais Magnetoestrictivos — Colheita de Energia
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