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DAB: Experimental Results

D. Costinett, D. Maksimovic, and R. Zane, “Design and control for high efficiency in high step‐down dual active bridge converters 
operating at high switching frequency,” IEEE Trans. Power Electron., vol. PP, no. 99, p. 1, 2012.

• Experimental
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Soft Switching Range with Varying Vout
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Application Example: Automotive

Alternate Modulation Schemes
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Efficiency Results

Transformer Saturation
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Next: SRC

Magnetics Losses
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• DC Resistance given by

ܴ஽஼ ൌ ߩ
݈௕
௪ܣ

• At room temp, ρ = 1.724∙10‐6Ω‐cm
• At 100°C, ρ = 2.3∙10‐6Ω‐cm

• Losses due to DC current:

௖ܲ௨,஽஼ ൌ ௅,௥௠௦ܫ
ଶܴ஽஼

Magnetics Winding Loss (DC)

• Current profile at high frequency is exponential 
function of distance from center with characteristic 
length δ

Skin Effect in Copper Wire
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Skin Depth

Skin Depth Calculations
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Example Calculation

• In foil conductor closely spaced 
with h >> δ, flux between layers 
generates additional current 
according to Lentz’s law.

• Power loss in layer 2:

ଵܲ ൌ ௅,௥௠௦ܫ
ଶܴ௔௖

ଶܲ ൌ ௅,௥௠௦ܫ
ଶܴ௔௖+ ௅,௥௠௦ܫ2

ଶ
ܴ௔௖

ଶܲ ൌ 5 ଵܲ

Proximity Effect

See Fundamentals of Power Electronics, Section 13.4
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Simulation Example
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Frequency: 1 kHz

Frequency: 100 kHz



9/29/2016

10

Frequency: 1 MHz

Frequency: 10 MHz
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• Near air gap, flux may bow out significantly, causing additional 
eddy current losses in nearby conductors

Fringing

20 450

|J| [A/mm2]

Finite Element Simulation

Pcond = 330 W

http://www.femm.info/wiki/HomePage
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Inductor Air Gap

15 280

|J| [A/mm2]

Pcond = 180 W

Removing Copper From Fringing Field

Physical Origin of Core Loss

• Magnetic material is divided into “domains” of saturated material

• Both Hysteresis and Eddy Current losses occur from domain wall shifting

Reinert, J.; Brockmeyer, A.; De Doncker, R.W.; , "Calculation of losses in ferro- and ferrimagnetic materials based 
on the modified Steinmetz equation,"
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Inductor Core Loss

• Governed by Steinmetz 
Equation:

• Parameters Kfe, α, and β
extracted from 
manufacturer data

• Only valid for sinusoidal 
waveforms

௩ܲ ൌ ௙௘ܭ ௦݂
ఈ Δܤ ఉ [mW/cm3]

௙ܲ௘ ൌ ௩ܲܣ௖݈௠	[mW]

Steinmetz Parameter Extraction
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Non‐Sinusoidal Waveforms

• Modified Steinmetz Equation (MSE)

− “Guess” that losses depend on ௗ஻ ௗ௧⁄

− Calculate  ௗ஻ ௗ௧⁄ and find frequency of equivalent 
sinusoid

Albach ,Durbau and Brockmeyer, 1996 
Reinert, Brockmeyer, and Doncker, 1999

NSE/iGSE

Van den Bossche, A.; Valchev, V.C.; Georgiev, G.B.; , "Measurement and loss model of ferrites with non‐sinusoidal waveforms,“
K. Venkatachalam; C. R. Sullivan; T. Abdallah; H. Tacca, “Accurate prediction of ferrite core loss with nonsinusoidal waveforms using only 

Steinmetz parameters”

Simple Formula for Square‐wave 
voltages:
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Additional Approaches

• History of Core Loss Approximation 
Techniques:

https://engineering.dartmouth.edu/inductor/Sullivan_APEC_2012_core_loss
%20overview_with_references.pdf

• Seminar on magnetic loss modeling:
https://www.pes.ee.ethz.ch/uploads/tx_ethpublications/APEC20
12_MagneticTutorial.pdf

Minimization of Losses
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Spreadsheet Design

• Use of spreadsheet 
permits simple iteration 
of design

• Can easily change core, 
switching frequency, loss 
constraints, etc.

Matlab (Programmatic) Design

• Matlab, or similar, permits 
more powerful iteration and 
plotting/insight into design 
variation


