13.3 Magnetics Losses

ToBE)

Magnetic Device
Losses

Copper Loss Core Loss }

DC Copper Loss AC Copper Loss Eddy Current ( Residual }
Proximity Fringing

Effect Flux

Skin Effect

High Frequency Losses

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE



Eddy Currents in Magnetic Materials
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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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B-H Curve: Transformer
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Hysteresis Loss
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The Steinmetz Equation

Ferrite core A . .
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Fundamentals of Power Electronics 41 Chapter 13: Basic Magnetics Theory
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Steinmetz Equation: Notes

Purely empirical; not physics-based
Parameters a, /5, 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
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Transformer Design Constraints
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Minimizing Total Loss

There is a value of AB

sa Power
that minimizes the total loss
power loss
Pt0t=Pf6+Pcu

P,=K,(AB)PA L,

gv

Optimuhz AB
ML [((MLT 2
P = P 1% tot ( ) ( 1 )
cu 4K, WA | \AB
Fundamentals of Power Electronics 6 Chapter 15: Transformer design
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Calculation of Total Loss

Substitute optimum AB into expressions for P, and P,,. The total loss is:

7=) (s)(sfzt(ﬁ)(siz)]

pAlL, (MLT)
4K, W, AZ

P=[A K, |752)

2 2

Rearrange as follows:

_ 2/p
2 it TR VT G
oy |12 : O
Left side: terms depend on core Right side: terms depend on
geometry specifications of the application
Fundamentals of Power Electronics 9 Chapter 15: Transformer design
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The K ;. Method

_ W,(A. (26 - 1/p) (B 2
Define g = ?]EH;)K(z/ﬁ) (g) (ﬁ 2)+(I3)(f5 2)

Design procedure: select a core that satisfies
o212 k2P

tot"™

4k, (P,,) B+

Appendix D lists the values of K, for common ferrite cores

Kgf>

v =

K

. 1S similar to the K, geometrical constant used in Chapter 14:

* K,is used when B, , is specified
* K, is used when AB is to be chosen to minimize total loss

Fundamentals of Power Electronics 10 Chapter 15: Transformer design
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The K ;. Method
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