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Motivation

. make tool to achieve for a quantitativies analysis

. the relation magneto-mechanical

Particuliarities of the material:
- high density of available energy
- long life time

- prospective for new type of energy conversion
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History and Physical behavior
History:
- Discovered on 1842 James Joule

- Glant magnetostrictive 1960 USA Navy

Physical behaviour:

- Apply magnetic field H
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History and Physical behavior
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- Internal domains alignment

- Changing in shape > changing in magnetic field
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History and Physical behavior

- Reversible cycle and magneto-mechanical coupling diagram

Magnetic Variables
Electromagnetic Magnetic Induction, B -
coupling effect i Magnetization, M Ta?neEt?fstr;ctwe
fapphving a field E in a e Magnetic Field, H . oua Siac -
conductor induces a Maanetic Potertial A w{applying magnsiic fisld
fiald H) £ g : H induces sfrain 5)
{ |

Electromaghnetic Magnetostricltive Villari

Ecldy Current Effect Effect

fa change in A reduces applying slress 5,

the figld £) /7 induces magnelic fiald H)

Mechanical Variables
Mechanical Stress, T

| Mechanical Strain, S
Displacement, u

Electric Field Variables

Electric current, |
Electric Voltage, E
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Functions and applications

Sensors and actuators:

Possibility to recover energy from waste
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Mathematical modelling

The constitutive magnetostriction equations are:

s =41

relative deformation of the shape | the compliance at constant magnetic field

e
S :77(|-|)/T -I-CLH

stress T is the forces per unit of area

magnetic field (induction) /

™S
B=d-T+u. -H
/ (T) \

permeability at constant stress Is the magnetic filed (intensity)

piezomagnetic strain constant
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Mathematical modelling

By making some mathematical steps the model will be:

oT  d T oH (#fe-pd?)o2H
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Considering harmonic analysis: :
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Mathematical modelling

Iterative evaluation for the parameters

!

n change with H

with new H, T 1s changed

with new T, ¢ 1s changed

with new 4, H 1s changed
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Modelling in Comsol Multiphysics
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Modelling in Comsol Multiphysics
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Modelling in Comsol Multiphysics

Auxiliary 2D geometry and meshing
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Results and problems

Full harmonic excitation simulation
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Results and problems

ﬂ',' Progress - Solve Problem

Stopped
NRENENENEEENENNRNRENENENENNENRNRERNENNNRENNENRNRNRNRNREREET]
Progress | Convergence | /1 Lugl
'solcomp', {'tAxAvAz20', 'thxAyAz2]l', 'chxAvAzl0'), ... _:J

'outconp ', {'T", 'thxAvAz20", 'cAxAvAz2]l', 'tAxAvAz10"' , "H'},
'linsolver','gures'):

Number of degrees of freedom solwved \for: 74206
Symmetric martrices found.

Format not changed since Incomplete LU uses unsymmetric storage.

Incomplete LU factors: 5631306 nonzeroz. (Original matrix has 2569684 nor

Iter Damping Stepsize #Res #Jac #5350l Linltc LinErr LinRes
1 1. 0000000 1.7e-006 1 1 1 10000 3.8e-005 5.5
Error:

Failed to find a solution:
Divergence of the linear iterations.

Returned solution has not converged.
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Conclusion

« Comsol© can solve this problem
» Stress depend of H and time

« Tractive and compressive efforts located top and
bottom

Future work:
-transient analysis
-complete and detailed simulation
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Thank you!




Mathematical modelling




Mathematical modelling

- Making tme-dermvative and the second
derivative on the equations (2.1) and (2.2):

& (&) &T ,&'H (2.4)

| — = +d—
cxl &t | ot ot~

-

- Consider the second Newton s law:

F =ma (2.3)
Then obtaining:
,._. F”".
o5 L .
ol 4] oF c¢\m-a) cu (2.6)

n e o an M= O
& e el &l ot
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