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Magnetics

• Faraday’s and Amper’s laws

• Permeability

• Inductor

• Reluctance model

• Air gap

• Current crowding

• Inductor design

• Skin effect, proximity effect

• Losses

• Transformer

• Ideal transformer

• Real transformer

• Transformer design
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Important relationships
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Magnetic quantities
Analogies to electrical quantities
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Important relationships
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Units

Φ - magnetic flux  Weber [ Wb ] 

B - flux density ]T[Tesla
m

Wb
2
=

V - voltage  [ V ]

Gauss [ G ]       1T = 10,000 G

H - magnetic field [ A/m ]

µ - magnetic permeability [ H/m ]
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Permeability
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What is inductance ?
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Reluctance model
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Inductance with gap
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Current crowding
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Inductor design

Air gap
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Inductor design

Saturation - Ae
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Inductor design
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Inductor design
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Inductor design

summary

• Calculate Ap

• Choose core 

• Calculate n

• Calculate lg or adjust gap
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Inductor selection

Off-shelf product
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Inductor selection

Off-shelf product
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Skin effect
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Skin Effect Solutions

Litz  wire

Foil/tape
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Proximity  effect

I

I

Current  crowding  due to magnetic  fields
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Losses

function of ∆B

jif∆BK~P

i, j – material dependent

B

H
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Losses

function of temperature
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Losses

material selection

Mor M. Peretz, Switch-Mode Power Supplies [3-24]

Ideal transformer
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Transformer characteristics

• Current flow at the same time at primary and 

secondary

• Each winding represents inductance –

Average voltage = 0

• AC only on any winding
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Magnetizing inductance
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� uncoupled magnetic flux

Llkg, M (mutual coupling) and k (coupling coefficient) 

= ⋅1 2M k L L

≅ −1 (1 )lkg mL L k

≅ ⋅ 2

2 1lkg lkg
L L n

Leakage inductance
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Magnetizing and leakage inductances
V1

V2

I2

Im

I1
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Transformer design
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Transformer design

Saturation - Ae
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Transformer design
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Transformer design

summary

• Calculate Ap

• Choose core 

• Calculate n1

• Calculate n2
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Magnetic design

Example

• Boost converter: P=100W, Vin=10V, Vo=50V, ∆IL=0.1ILav

• Calculate L

• Calculate Ap
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