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Transformer Example
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B‐H Curve: Filter Inductor

B‐H Curve: Transformer
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Magnetic Device 
Losses

Copper Loss Core Loss

DC Copper Loss AC Copper Loss Eddy Current Residual

Skin Effect
Proximity 
Effect

Fringing
Flux

High Frequency Losses

13.3 Magnetics Losses

Hysteresis

Core Loss

• Physical origin due to magnetic domains

• Modeling Approaches

− Empirical (curve fit) models of materials

− Direct measurement‐based models

− Physics‐based models
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Hysteresis Loss

Eddy Currents in Magnetic Materials
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Eddy Current Losses

The Steinmetz Equation

Alternately:
ݒܲ ൌ ߚሻܤ∆ሺߙ݂݉ܭ
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Steinmetz Equation: Notes

• Purely empirical; not physics‐based

• Parameters α, β, K vary with frequency

• Correct only for sinusoidal excitation
− Nonlinear; Fourier expansion of waveforms cannot be 
used

• Modified empirical equations perform better 
with nonsinusoidal waveforms
− MSE

− GSE

− iGSE

− i2GSE

Some Example Core Materials
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DC Copper Loss


