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1) Introduction: the problem of obtaining reliable core losses data [I]

• Developed AI models predict the behavior of magnetic components:

• Magnetization inductance

• Leakage inductance

• Core losses

• Pros: much faster than FEM or having to build the component

• Cons: obtaining measured data is very time consuming
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1) Introduction: the problem of obtaining reliable core losses data [II]

• Core losses: the last frontier

• Steinmetz Equations – C.P. Steinmetz (1890)

• IGSE – Venkatachalam, Sullivan et al. (2002)

• Recent theoretical advances on core losses under DC current 

bias – E. Stenglein (2020)

• Very limited data from manufacturers:

• Only sinusoidal excitation

• No DC current bias

• Measured on a TX16, TX25 or TX26 toroid

• Lack of a unified approach with relation to core 

losses measurements

Charles Proteus Steinmetz
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2) Core Losses – Overview and physical mechanisms [I]
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2) Core Losses – Overview and physical mechanisms [II] – Eddy Currents

• Eddy currents: caused by the changing 

magnetic fields inside the core.

• Distributed capacity: conductive grains 

surrounded by insulating walls

• Eddy currents loss: ∝ f2

• Hysteresis loss: ∝ f
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3) Roshen’s core loss model for ferrites [I]

• Method for computing high-frequency ferrite core 

losses for arbitrary waveforms

• Applicable to symmetric arbitrary voltage 

waveforms (e.g., square waves)

• Requires only a few input parameters

IEEE Transactions on Magnetics. Vol. 27. NO. 6.
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3) Roshen’s core loss model for ferrites [II] – Hysteresis Losses

• Empirical hysteresis model

• Four input parameters:

• Coercive force Hc

• Remanence Br

• Saturation flux density Bs

• Saturation magnetomotive force Hs

• Assumptions: symmetric loop, frequency 

independent

• The model provides a good 

representation of the hysteresis  loss and 

other nonlinear characteristics of soft 

ferrite materials: e.g., μr(B/Bs)
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3) Roshen’s core loss model for ferrites [III] – Eddy Current Losses

• The model considers different losses for 

different waveforms, even if the flux density 

swing ΔB is the same.

• Classical eddy currents: assumed to be a 

bulk phenomenon. 

• Excess eddy currents: 

• Excess and micro-eddy currents and residual losses 

are incorporated in the model by adjusting the α

parameter.
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3) Roshen’s core loss model for ferrites [IV] – Arbitrary Voltage Waveform

• The general eddy current loss depends on the flux density. For an 

arbitrary waveform, it is expressed using piecewise-linear 

representation (PLR).

• For each interval, eddy current losses are calculated.

• Based on the input waveform, the maximum flux density swing B0 is 

obtained.

• Using ⟨B(t)⟩ and Bpk, eddy current loss and hysteresis loss are 

respectively calculated.
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4) Measurement of core losses with the TPT method [I]

• TPT: Triple Pulse Test

• Novel method developed by researchers from the University of Bristol
• J. Wang, K. J. Dagan, X. Yuan, W. Wang, and P. H. Mellor, “A practical approach for core loss estimation of a high-current 

gapped inductor in PWM converters with a user-friendly loss map,” IEEE Trans. Power Electron., vol. 34, no. 6, pp. 5697–5710, 

Jun. 2019.

• J. Wang, X. Yuan, and N. Rasekh, “Triple Pulse Test (TPT) for characterizing power loss in magnetic components in analogous 

to Double Pulse Test (DPT) for power electronics devices,” in IEEE Proc. Annual Conf. of the IEEE Industrial Electronics 

Society (IECON), 2020.

• Main advantages:

• Rectangular voltage excitation

• One-shot measurement: independent of temperature, large currents are possible

• Measurements under DC-biased current

• Output: user-friendly core loss map for a given inductor

Pcore [kW] = Pv/Vcore = h(f, ΔB, I0)

• Also possible to measure winding loss (total loss minus core loss) University of Bristol, 2020



4) Measurement of core losses with the TPT method [II] - Implementation

• Microcontroller with custom firmware

• PSU: EA PS 9750-04

• Digital Oscilloscope with voltage/current probes (deskewed)

• Validation of measurements
Deskewing process



4) Measurement of core losses with the TPT method [III] - Implementation



4) Measurement of core losses with the TPT method [IV] - Validation

MagNet (trend)
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5) Practical Application: impact of core geometry on losses [I]

• Validation of core loss measurements

• Comparison: Frenetic’s TPT vs. University of Bristol’s TPT measurements

• Roshen’s model vs. TPT measurements

• Several sizes, different frequencies

TX Cores
3C90, 6 sizes

3C90 Toroids
TX22/14/13

TX25/15/13

TX26/15/20

TX42/26/18

TX51/32/19

TX80/40/15



5) Practical Application: impact of core geometry on losses [II] – Frenetic vs. University of Bristol

Frenetic University of Bristol



5) Practical Application: impact of core geometry on losses [III] – Roshen’s model – Calibration

Frenetic + UoB Roshen

• Recap: residual losses are 

incorporated in the model by adjusting 

the α parameter

• Optimal ρ found for TX25/15/10 core 

(as used by manufacturer).
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5) Practical Application: impact of core geometry on losses [IV] – Roshen’s model – BH loops

TPT (100 kHz - total losses) Roshen (hysteresis)

• Comparison of measured and predicted hysteresis loops at different peak flux 

densities.

• The area of the measured BH loop is larger than the hysteresis loop predicted by 

Roshen’s model, as the former includes all the losses of the magnetic device. 



5) Practical Application: impact of core geometry on losses [V] – Roshen’s model – Shape

Frenetic + UoB Roshen



5) Practical Application: impact of core geometry on losses [VI] – Roshen’s model – Frequency

Frenetic + UoB Roshen



5) Practical Application: impact of core geometry on losses [VII] – Data analysis

• There is no evident relationship between volumetric losses and core geometry

• One or more physical mechanisms taking place



5) Practical Application: impact of core geometry on losses [VIII] – Data analysis

• First hypothesis: core losses depend on cross-section area Acs

• Data is found to follow a normal distribution:

• Mean Kurtosis: 0.806 (all cases between -1 and +1 → ✓)

• Mean Skewness: 0.403 (all cases between -1 and +1 → ✓)

• Mean Shapiro-Wilk p-value: 0.139 (all cases larger than 0.05 → ✓)

• Being the data normally distributed, the following correlations of 

the volumetric core losses Pv with respect to Acs can be 

calculated after applying a logarithmic transformation:

Correlation coefficients fixing Bpk Correlation coefficients fixing Frequency

Q-Q plots for two arbitrary cases



5) Practical Application: impact of core geometry on losses [IX] – Data analysis

• Kendall correlation between core losses and geometrical parameters for the six measured toroids

• The higher the frequency, the larger the impact of core geometry on core losses

• For a given frequency, geometrical parameters are more relevant at lower flux densities 
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6) Conclusions and future work [I]

• Roshen’s model: very interesting approach to generate analytical datapoints.

• Validation of the TPT method for reliable core losses measurement

• Next steps

• Improvement of the TPT switching stage

• Include more core families and materials

• Automation of the TPT method

• Obtention of a denser dataset – improved statistical analysis

• Measurement of core losses under DC bias

• Measurements with controlled temperature

• AI core losses model

• And, of course, all this work will be implemented in the Frenetic Online platform!
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