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3 Transformador
Transformador ideal
Transformador real
Transformador Trifásico

4 Conversión de enerǵıa electromecánica
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Circuito Magnético

∮
C

H︸︷︷︸
[A·Vueltas]

·dl =

∫
S

J︸︷︷︸
[A/m2]

·da;

∮
S

B︸︷︷︸
[Wb/m2=1T ]

·da = 0

φc︸︷︷︸
[Wb]

=

∫
S

B · da = BcAc ; =︸︷︷︸
[A−Vueltas]

= Ni =

∮
H · dl = Hc lc
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Circuito Magnético (Acero Eléctrico M-5-0.012)

B = µH

1 µ es la permeabilidad magnética del material [H/m]
2 µ=µr µ0; µ0=4π × 10−7 [H/m] (2000, 80000)
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Circuito Magnético-Entrehierro (GAP)

Bc =
φ

Ac
;Bg =

φ

Ag

= = Hc lc + Hgg =
Bc

µ
lc +

Bg

µ0
g = φ(

lc
µAc︸︷︷︸
<c

+
g

µAg︸︷︷︸
<g

)
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Circuito Eléctrico-Magnético

φ ≈ =
<g

=
=µ0Ag

g
= Ni

µ0Ag

g
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Circuito Eléctrico-Magnético: Ejemplo 1

L =
λ

i
=

Nφ

i
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Circuito Eléctrico-Magnético: Ejemplo 2

= = N1i1 + N2i2 ⇒ L = (N1i1 + N2i2)
µ0Ac

g

λ1 = N1φ = N2
1 (
µ0Ac

g
)i1 + N1N2(

µ0Ac

g
)i2 = L11i1 + L12i2

λ2 = N2φ = N1N2(
µ0Ac

g
)i1 + N2

2 (
µ0Ac

g
)i2 = L21i1 + L22i2
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Transformador ideal

Transformador monofásico en vaćıo

e =
dλ

dt
= N1

dφ

dt
u1 = R1iφ + e1

φ = φmax sinωt ⇒ e = N1
dφ

dt
= ωN1φmax cosωt

φmax =
V1√

2πfN1
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Transformador ideal

Diagrama Fasorial

Pc = E1Iφcosθc
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Transformador ideal

Transformador monofásico con carga

u1 = e1 = N1
dφ

dt
; u1 = e2 = N2

dφ

dt

u1

u2
=

N1

N2
;
i2
i1

=
N2

N1

u1i1 = u2i2
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Transformador real

Circuito Equivalente

u1i1 ≈ u2i2
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Transformador Trifásico

Transformador monofásico con carga
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Ley de Fuerza de Lorentz

Ley de Fuerza de Lorentz

F = I× B
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Método de Enerǵıa y Coenerǵıa

Balance de Enerǵıa

dWfld

dt
= e︸︷︷︸

dλ
dt

i − ffld
dx

dt

dWelec = (ie)dt = dWMech + dWfld

1 dWelec = diferencial de la enerǵıa eléctrica de entrada

2 dWMech = diferencial de la enerǵıa mecánica de salida

3 dWfld = diferencial de la variación en la enerǵıa magnética
almacenada
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Método de Enerǵıa y Coenerǵıa

Método de Enerǵıa

dWfld (λ, x)

dt
= e︸︷︷︸

dλ
dt

i − ffld
dx

dt

dWfld (λ, x) = idλ− fflddx =
∂Wfld (λ, x)

∂λ
|x︸ ︷︷ ︸

i

dλ+
∂Wfld (λ, x)

∂x
|λ︸ ︷︷ ︸

−ffld

dx
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Método de Enerǵıa y Coenerǵıa

Método de Enerǵıa

Wfld (λ0, x0) =

∫
Tray2a

dWfld +

∫
Tray2b

dWfld

Wfld (λ0, x0) =

∫ λ0

0

i(λ
′
, x0) dλ

′
=

∫ λ0

0

λ
′

L(x)
dλ

′
=

1

2

λ2

L(x)
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Método de Enerǵıa y Coenerǵıa

Coenerǵıa

W
′

fld (i , x) = iλ−Wfld (λ, x)

dW
′

fld (i , x) = λdi + fflddx =
∂W

′

fld (i , x)

∂i
|x︸ ︷︷ ︸

λ

di +
∂W

′

fld (i , x)

∂x
|i︸ ︷︷ ︸

ffld

dx
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Máquina de CD

ea = (
PolosCa

2πm
)φdωm = Kaφωm

eaia = TMechωm

TMech = Kaφd ia
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Máquina de CD

φd =
1

<
∑

Nf if

ea

ωm
= Kaφd =

ea0

ωm0

ea =
ωm

ωm0
ea0 =

n

n0
ea0
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Máquinas de CD
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Caractŕısticas Generador-Motor CD

Va = Ea ± IaRa
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Máquina de Inducción
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Máquina de Inducción
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Máquina de Inducción
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Máquina Śıncrona
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Máquina Śıncrona
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Máquina Śıncrona

Ṽa = ±Ra Ĩa ± jXs Ĩa + Ẽaf
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Máquina Śıncrona

P1 = P2 =
E1E2

X
sin δ
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Máquina Śıncrona

P =
Eaf VEQ

X + XEQ
sin δ
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Máquina Śıncrona
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Máquina Śıncrona

P =
Eaf VEQ

Xdt
sin δ +

V 2
EQ(XdT + XqT )

2XdTXqT
sin 2δ
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Máquina Śıncrona
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