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Circuitos Magneticos

« Composto por

— Pecas ( moveis e/ou fixas )
— Enrolamento/imé& permanente

« Tipos de materiais
— Paramagneticos ( ex. Aluminio ) LL, um pouco maior do que 1
— Diamagnéticos ( ex. Cobre ) L1, um pouco menor do que 1

— Ferromagneticos 1, muito maior do que 1

« Campos magneéticos produzidos por circuitos magnéticos
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FMM, =%,

Fluxo pode ser calculado por
Q= Lé o dA

Lei de Ampere
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Circuito elétrico
V =R.I

V — fem total no circuito
R+ — resisténcia total

| — corrente

Circuito magnetico
FMM; =R

FMM- — fmm total no circuito
SRT — relutancia total

® _ fluxo através do circuito
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Circuitos Magneticos
+ Lei de Ampeére §F| odl =1

« |- Corrente enlacada

—

* H - intensidade de campo magneético ( ampere-espira/metro )

—

« |- caminho de integracéao

Hl

=N | (Forca Magnetomotriz)

C

_Ni

Ic

H

Mean path length /,

|. — caminho médio
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Circuitos Magneticos

* B - densidade de fluxo magnético ( Wb/m?, tesla, T )
u - permeabilidade magnética do material ( H/m)
Lo =4 ©x 107 H/m

u, = K permeabilidade relativa
r
Ho
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Circuitos Magneticos

N |
H=N B=uH=E
IC IC ~~——— Cross-sectional
¢ _ J'Aé o d/& Mean path length /. -

« Considerando B constante e perpendicular a A

p-BA=FNTALeyM N te =% 0
| HA

‘R = ¢ Relutancia
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n= 2500 ( todo o fluxo contido no nucleo ferromagnético )
|I=1A profundidade=10cm B=?
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n= 2500 ( todo o fluxo contido no nucleo ferromagnético )

! .,

R, = =14300A.espiras’lWhb R, = = 27600A.espiras/Whb
1A B A
Ni=(R, +R,)e » ¢ =0,0048 Wb
Bi=2 =048T By=—-=032T
AL A2
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Resolucao por elementos finitos

ANSYS 10.0
MAR 13 2008
10:21:36
AREAS
PowerGraphics
MAT NUM

AY
DIST
XF .375
YFE .4
Z-BUFFER

1
.44

CIRCUITO MAGNETICO
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Resolucao por elementos finitos

ANSYS 10.0

MAR 13 2008

10:22:26

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

AZ

RSYS=0

SMN =-.991E-04

SMX =.054893
.919E-03
.002956
.004993
.007029
.009066
.01314
.015176
.017213
.01925
.023323
.02536
.027397
.029433
.033507
.035544
.03758
.039617
.043691
.045727
.047764
.049801

CIRCUITO MAGNETICO .053874
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Resolucao por elementos finitos

ANSYS 10.0
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Circuitos Magneticos

n= 4000 ( todo o fluxo contido no nucleo ferromagnético )
« Espraiamento aumenta a area efetiva do entreferro em 5%
 Quero B no entreferrode 0,5 T.

e Calcule acorrente necessaria.
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* Dispersao

e Saturacao
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Dispersao

Core
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Dispersao

ANSYS 10.0

MAR 13 2008

10:32:23

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

AZ

RSYS=0

SMN =-.974E-04

SMX =.001237
-.727E-04
-.232E-04
.262E-04
.756E-04
.125E-03
.224E-03
.273E-03
.323E-03
.372E-03
.471E-03
.520E-03
.570E-03
.619E-03
.718E-03
.768E-03
.817E-03
.866E-03
.965E-03
.001015
.001064
.001114

CIRCUITO MAGNA%TICO .001212
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Circuito com entreferro
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Dispersao

(1) Primary slot leakage
(2) Zigzag and belt leakage

(3) Secondary slot leakage
/ r'/(4) Useful (no-load)

_:-_—:w flux
_ \||'|
Mt N
X fInh
||:| =
_x.wlll'
| 1

FiG. 7.1. Leakage-Flux Paths of Induction Motor.
03.28.2008
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ISpersao




Dispersao

/

AR Aan Aany

Cabeca de bobina
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Saturacao

¢.Wby BT

» Acturns H. Aturns/m

a) (b)

B=uH
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Unidade [cm]

profundidade =15

N=200 espiras

®=0,012 Wb

| =7
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Saturacao

Flux density, T

10 20 30 40 50 100 200 300 500 1000 2000 5000
Magnetizing intensity #, A-turns/m
(c)
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Saturacao
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Magnetizing intensity #, A+turns/m

l.=160cm  A=150 cm? N=200 ®=0,012 Wb
|="?
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Saturacao ( permeabilidade do ferro fixa )
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Saturacao ( curva de saturacao )
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« Até agora, conheciamos o0 campo e
calculavamos a corrente para produzi-lo.

« Como fazer para calcular o fluxo conhecendo-se
a corrente ?
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Circuito com entreferro

Unidade [cm] 30

T
o
v
v
v

profundidade =15

N=200 espiras

g=0,5

L =159,5

A = 150 cm?

| =20 A
B no entreferro = ?
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Saturacao

Flux density, T

10 20 30 40 50 100 200 300 500 1000 2000 5000
Magnetizing intensity #, A-turns/m
(c)
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Circuito com entreferro

Unidade [cm] ! i 30

I
profundidade =15 l |
I

N=200 espiras

g=0,5

L. = 159,5

A = 150 cm?

=20 A
B no entreferro = ?
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COE753/2008

Permeabilidade ferro infinita
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Circuitos Magnéticos

EFACET=1

SMN =.264E-05
SMX =1.795
.204E-05
.199438
.398873
.598308

.797743
.997178
1.197
1.396
1.595
1.795

SMN =.264E-05
SMX =1.795

JERREEEAL

.264E-05
.199438
.398873
.598308
.797743
.997178
1.197
1.396
1.595
1.795
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Permeabilidade do ferro fixa
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Curva de saturacao
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Duplicando a corrente
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Circuitos Magnéticos

\VAV

SMX =1.69
.174E-04
.187769
.37552

JENREENad

SMN =.174E-04
SMX =1.69

il [ [IF] N

.174E-04
.187769
.37552
.563272
.751024
.938775
1.127
1.314
1.502
1.69

.563272
.751024
.938775

.127
.314
.502
.69
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N=1000 espiras, i=0,2 A
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Dimensoes em polegadas (pol)

L1=L2=10 pol. L3=5poal.
Calcular B em cada entreferro.
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0.1 1,0 10 100  1.000

ﬂbﬂw | ampere-espira por mf( < 107)
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