Faraday’s Law Applications
N

1. Inductors.

2. Transformers.

3. Electrical Generators.
4. Electrical Motors.

5. Transmission Lines.
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Inductors

By Integration
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Inductors: Introduction to Inductor Design

_ 6|
Objective:

Design an inductor having a given inductance L, which
carries worst-case current | without saturating the core
(B,...). and which has a given winding resistance R, or,
equivalently, exhibits a worst-case copper loss of | 2R

i(t)



Transformer

Single-phase transformer




Transformer
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Single-phase transformer
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Transformer

Ideal Transformer

-R .. = zero

coil

- No leakage flux

vV, =N,

dey
dt

Since no leakage

_IJ—)OO

- No core losses

vV, =N,

d ¢,
dt
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer: Applications
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Transformer: Equivalent Circuit

Case A: Ideal Transformer
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Transformer: Equivalent Circuit

Case B: - R_; = zero - d F
- No leakage flux - No core losses
At No-load: (i, = zero) R
- . _ \/\/\/\/
Nab, =R N i
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From Faraday’s Law =

= Vin sin(wt —z)
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Transformer: Equivalent Circuit
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If the transformer is loaded:

N.i, —N.i, = oR
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

Case C: -R

- No leakage flux

— Zero

coil

Core (iron) losses

1. Eddy Current Losses
Eddy Currents
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-|core losses exist.

P, oc B_*f *(thickness)*
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Transformer: Equivalent Circuit
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Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit
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Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit
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Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit

Case C:

2. Hysteresis Losses

HAmMHXxBT =JA'm?)=Jm”°

B m
W — H d B w.l Energy used Lo establish field wz Energy realeased by collapse of field
1 - B B
—B "

|
w,= [ H.dB //ar 2/

Energy lost /unit volume/cycle = 2(w, — w,)= area of the loop




Transformer: Equivalent Circuit

Case C:

2. Hysteresis Losses

P. o« B"f (volume)

p =k, B"f | Wi

n depends on the material (1.6 — 2.4)

Total core losses:

P =k, B?*f *(thickness)” +k,B"f | | wm?

Since f is usually constant
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Transformer: Equivalent Circuit
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Case C:
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Transformer: Equivalent Circuit
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-|Leakage flux exists. - core losses exist.
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Transformer: Equivalent Circuit

Case D: Oy R D,
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Transformer: Equivalent Circuit

Case D: s P
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Transformer: Equivalent Circuit

Case D:
et N, d¢1 Nld_¢ N1d¢|1 N2d¢2:N2d—¢— 2d¢|2
dt dt dt dt dt dt
do do do do
_N — 1 — — — 2 —N.—_—
V, 1 o e, Nldt v, =N, >4t e, > 4t
':> Vi =€ 1V Vo =6, =V,
VI1 VI2
V, e, e, Vv,




Transformer: Equivalent Circuit

Case D:
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Case E: -|R_; # zero - %

- Leakage flux exists. - core losses exist.
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Exact Equivalent Circuit of the Transformer
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