INEFRO DUC TGN
SRS FRIC MACEIINES

Most pictures come from Jesus Fraile Mora “Maquinas Eléctricas” 5* ed. 2003, McGraw Hill
1

MAGNETIC CIRCESINE
ARIEOIR

2



~ T JC MATERIALS
— N <
=i 5
= |
<« d e &«
UNMAGNETIZED MAGNETIZED
+ Magnetized materials [l == 7/

* H :magnetic field intensity (A/m)
* B :magnetic induction (T Tesla)

* 1 Magnetic permeability (H/m)

« Diamagnetic 0 < pr < |

B= H = +  Paramagnetic ur = 1000
u=u,u, - Ferromagnetic > 1000
3
4 B (Teslas)
2.0 T I  E—
18 Chapa magnética
16 e e
1 1
o LA —
y y Acero fundido
12 (£ <
3 y
o LA
7
0.4 ﬁ
0.6 Hierro fundido
04
/
0.2
IA
AAAAAA >
SEERRRE TR
= = = &) & & & & & & S Sy

Magnetization curves of different
ferromagnetic materials



MAGNETIC MATERIALS

stra
gnética

Magnetic hysteresis

MAGNETIC CIRCUITS
| =( DR

t Magnetic circuits |

« Magnetic energy

» Alternative current and magnetism




MAGNETIC CIRCUITS

Ampere’s law:

Every electric current I creates a magnetic field B

MAGNETIC CIRCUITS

Ampere’s law:

The flat coil

Magnetic field pattern
generated by a flat coil

Magnetic field created by a loop wired current



MAGNETIC CIRCUITS

Ampere’s law:

Magnetic field created by a solenoid (coill)

MAGNETIC CIRCUITS

Ampere’s law:

$rHdl=|]ds
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Circulation of
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H along a
curve




MAGNETIC CIRCUITS

Ampere’s law:
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MAGNE TIC CIRCUITS

Magnetic flux through S: ©=[Bds=BS [Wb]

Number of magnetic
force lines through any
perpendicular surface S
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MAGNETIC CIRCUITS

Combining
equations: 3
©=[Bds=~BS [Wb] —{=Ni=F [A V]
S
F=Hi=21=0-L Ni [Av]
u HS
Magnetic reluctance Permeability
/ | )

o= [H"} 7 =—=22 [H]

S g

Hopkinson'’s law

F =07 |[Av]
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SRS F:mm.f.
j i current density (A/m) B :induction (T)
O : conductivity (S/m) u : permeability (H/m)
i :electric current (A) ® : magnetic flux (Wb)
R : electric resistance (Q) R’ magnetic reluctance (H-!)

E : electric field (V/m) H : magnetic field (A/m)



MAGNETIC CIRCUITS

H : intensidad de campo magnético A/m

® : flujo magnético o nimero de lineas

. . ® =B Scosa
de fuerza que atraviesan cada unidad
. . Weber Wb
de superficie perpendicular a ellas
u : permeabilidad magnética H/m = (Wb/A) / m
= u H

Tesla T = H/m-A/m =
= (Wb/A)/m - A/lm = Wb/m?

T = [0 000 Galjse

B :induccion magnética o densidad de
flujo magnético

MAGNETIC CIRCUITS

El niicleo central del circuito magnético de la Figura 1.7 estd bobinado con 800 espiras. El
material es acero fundido con un valor de la permeabilidad relativa pi, = 1.000. Calcular la
corriente i que debe aplicarse a la bobina para obtener en el entrehierro un flujo de 1 mWb.

Nrtcleo central Entrehierro
(1=250 mm; s = 4.0?0 mmz) (g =1 mm; s =4.000 mmz)

Nucleos laterales
(I =700 mm; s = 2.000 mm?)




MAGNETIC CIRCUITS
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MAGNETIC CIRCUITS

Faraday's law: e = —Nd;() [\/]
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Figura 1.14. F.e.m. y f.c.e.m. inducida en una bobina con niicleo de hierro.
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MAGNETIC ENERGY
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(1) e=+NQ
dt
= 0
d®d
v:Ri+I\Id—; vi dt = Ri’dt + Ni d®d
t

dW, =dW, +dW_ Steady state ( no movement)

(O
dW, =Nidd=7 db; W, = [ o do

MAGNETIC ENERGY

Hysteresys: ’
P =BS

@ =

F =Hl

S Figura 1.16. Areas del ciclo de histéresis.

W, =" 7db=[ Hesdb=r5[ Hds

B
Wy =vol| HdB;  P,=fW, B, =kyf vol B



MAGNETIC ENERGY
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MAGNETIC ENERGY

Eddy current looses:
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Figura 1.18. Curvas de pérdidas en el hierro.
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MAGNETIC ENERGY

Eddy current looses:

EJEMPLO DE APLICACION 1.6

Las pérdidas en el hierro de una muestra de material ferromagnético son de 1.000 W a 50 Hz.
Cuando se aumenta la frecuencia hasta 100 Hz, manteniendo la induccion constante, las
pérdidas totales correspondientes han sido de 2.500 W. Calcular las pérdidas por histéresis y

por corrientes de Foucault para ambas frecuencias.
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AC & MAGNETISM

R s dt Figura 15, Bobina con nileod i
di R Vi
v=Ri+L— AN
dt T
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di &
Como Ri es pequeno: v = La 4
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AC & MAGNETISM

Alternative voltage: « T
~
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Figura 1.21. Sucesion de efectos en una bobina alimentada con@«@.
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Figura 1.25. Circuito equivalente de una bobina con nicleo de hierro con pérdidas.




