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• Bidirectional Power flow
• Voltage adjusements

Main requirements 
in modern grids:

Solid-State Transformers
(SST)

Image AI-generated
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02 Solid-State Transformers

12 kV, 3.15 MVA, 50/60 Hz Transformer, 6900 kg

Higher working frequency Higher power density

SST

M. Rahman Kiran, M. Rabiul Islam, K. M. Muttaqi, D. Sutanto and R. Raad, "A Comprehensive Review of Advanced Core Materials-Based High-Frequency Magnetic Links Used in Emerging
Power Converter Applications," in IEEE Access, vol. 12, pp. 107769-107799, 2024, doi: 10.1109/ACCESS.2024.3436562.
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03 Materials for medium - high frequency 
applications

Sintered Fe-Si core Amorphous – Nanocrystalline core Ferrite core



6

18th june 2026 ET2026XL RIUNIONE ANNUALE DEI

RICERCATORI DI ELETTROTECNICA

03 Materials for medium - high frequency 
applications

Working Frequency Permeability Magnetic Saturation
Core Losses

 (20 – 100 kHz)

Sintered Fe-Si core

~1 kHz – 200 kHz 
(specific application 

up to 500 kHz)
26 - 125 0.8 – 1.5 T 50 – 500 mW/cm3

Amorphous ~50 Hz – 100 kHz 10000-100000 1.5 – 1.6 T 10 – 100 mW/cm3 

Nano-crystalline

~1 kHz – 1 MHz 
(specific application 
up to several MHz)

20000 - 150000 1.2 – 1.3 T 5 – 50 mW/cm3 

Ferrite (MnZn) ~20 kHz – 5 MHz 2000 - 10000 0.3 – 0.5 T 10 – 200 mW/cm3 
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04 Modelling Approaches (Ferrites)

The main purposes of the proposed material modelling approaches are:

• Easy evaluation of material magnetic performances
• Easy integration of material model in complex systems analysis

Three kind of losses have to be considered in magnetic materials: static losses, eddy currents losses and 
excess losses. At high frequency, eddy currents losses are the main contribution to the total losses.
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04 Modelling Approaches (Ferrites)
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04 Modelling Approaches (Ferrites)
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04 Modelling Approaches (Ferrites)

Imposed Magnetic Induction: 10 mT
Frequency Range: 100kHz – 2MHz

V. Bertolini, R. Scorretti, A. Faba and E. Cardelli, "Fast Estimation of Eddy Current Power Losses in Soft Ferrites Rings," in IEEE 

Access, vol. 13, pp. 198228-198240, 2025, doi: 10.1109/ACCESS.2025.3634470.
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04 Modelling Approaches (Nanocrystalline)

• A circuital approach is the more suitable for an easy integration with the converter circuital model

• Three main aspects have to be considered to represent the real behavior of a magnetic core:
hysteresis, static losses and dynamic losses.

H(B) = Ha(B) + Hhs(B) + Hed(B, dB/dt)

An equivalent circuit can be
introduced to study separately these
three aspects.

B

H

Ha

Hhs

Hed



12

18th june 2026 ET2026XL RIUNIONE ANNUALE DEI

RICERCATORI DI ELETTROTECNICA

04 Modelling Approaches (Nanocrystalline)

1. DC Voltage Supply
2. Inverter
3. Transformer

• Sinsusoidal characterization for 
ANN training (10 kHz)

• Square wave characterization 
for ANN testing (1 kHz)
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04 Modelling Approaches (Nanocrystalline)

2.5V@1kHz

7.5V@1kHz
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04 Modelling Approaches (Nanocrystalline)

V. Bertolini, M. Quercio, L. Sabino, M. Stella, F. Riganti Fulginei, F. Crescimbini, E. Cardelli, "Development of a Neural Network

Approach to Model Magnetic Core Power Loss in High-Frequency Transformers," in IEEE Transactions on Industry Applications, doi:

10.1109/TIA.2026.3675154.
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04 Modelling Approaches (Nanocrystalline)

𝐿𝑚 = μ 𝐻𝑚
𝑁2𝑆

𝑙
𝑅ℎ = λℎ

𝑁2𝑆

𝑙

λℎ =
2π2𝑓2𝐵𝑝𝑒𝑎𝑘

2

𝑃ℎ ൗ𝑊
𝑚3

𝑅𝑓 = λ𝑓
𝑁2𝑆

𝑙

λ𝑓 =
1

𝑝𝑓 ൗ𝑊
𝑚3

𝑑𝐵

𝑑𝑡

2



16

18th june 2026 ET2026XL RIUNIONE ANNUALE DEI

RICERCATORI DI ELETTROTECNICA

04 Modelling Approaches (Nanocrystalline)
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• University of Perugia research unit is actually committed with the study of advanced magnetic
materials for modern high-power medium-frequency Solid State Transformers;

• The main purpose concerns the proposal of model with low computational effort and easily
integrable inside the models of complex electrical systems, to help designers in the quick but
accurate choice of the best material for a given application;

• Simplified frequency domain approaches and circuital models are proposed to predict the
behavior of magnetic materials.

FISA2024 Project – 00035 NEGEMAMA

(New Generation of Magnetic Materials and Components for High Frequency Power Supplies)

Università degli Studi di Perugia (CUP J97G25000370001) e Tamura Magnetic Engineering 

(CUP B93D24001630008)
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