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O1 Introduction
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02 Solid-State Transformers
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03 Materials for medium - high frequency

applications
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03 Materials for medium - high frequency

applications

Sintered Fe-Si core

Amorphous

Nano-crystalline

Ferrite (MnZn)

~1 kHz — 200 kHz
(specific application 56 - 125
up to 500 kH2)

~50 Hz - 100 kHz 10000-100000

~1 kHz -1 MHz

(specific application 20000 - 150000
up to several MH2z)

~20 kHz - 5 MHz 2000 - 10000

08-1.5T

1.5-1.6T

1.2-13T

0.3-05T

50 - 500 mw/cm?3

10 - 100 mw/cm?3

5 -50 mw/cm?3

10 - 200 mW/cm?3

18th june 2026

XL RIUNIONE ANNUALE DEI
RICERCATORI DI ELETTROTECNICA

ET2026



04 Modelling Approaches (Ferrites)

The main purposes of the proposed material modelling approaches are:

« Easy evaluation of material magnetic performances
« Easyintegration 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.

~
I
I
—
>
=
o
=
=
S—
s
9
%)

b) C) Q 1or f Edl =
lS 'Q‘S

fﬁ ﬁdi=f f+jw§d§=j (a+jwe)§d§
l Q Q

c c c

7/ W T
1y N i Losses can be evaluated as:

PiossIW] = jV Re[Ej] dv

18th june 2026 XL RIUNIONE ANNUALE DEI ET2026

RICERCATORI DI ELETTROTECNICA




L F

w ~l7
r——— r

NI
Model 1: Hp. H = H, =—

E(r) =ERR)) — NILLE 0g <L>
2T
MOdEI 2. Hp H = HO + Hrec

: : [Hx + Hi4a

Hyy1Rp41 — HiRy = _Ek + Epy1)(RE41 — RE)

b

Model 3: Hp. H = H, + H,,

k*—1 .

* L H, + Hy.q
(R: — Ry, + 22°)E, = jz ouZ—’”( o1 — Rp)

2

p=k

ZﬂHkRk = NI — T

E,+E
( p+1> (R3+1— R3)
p=1

PZOSS[W]:f Re|E]] dV=Re@J |E|? dV
|74 |74

18th june 2026 XL RIUNIONE ANNUALE DEI
RICERCATORI DI ELETTROTECNICA

ET2026



104

R[]

107 107 1072 107 10° 10 1078 102 107 100
Frequency [MHz] frequency [MHz]

-200 f
S -400
<
-600 F
\ /
-800 ~
-3000 I I I I I ! ! I
10 102 102 107 10° 10’ 10 102 107 10°
Frequency [MHz] frequency [MHZ]
6000 T 150 T T T
measured - i measured
— — -computed = — — -computed
. 4000 1 .
=3 <100 - g
i i
2000 |
0 L L b 50 [ L L i
—° 1078 107 107! 10° 107 102 107! 10° 10"
frequency [MHz] frequency [MHz]
0 . . = 20 ;
R b __-1000 | _
g _ = =
Z(jw) =Ry + , . g
1+ ] wR b C b : \
ra
-1 -3000 A P

2 lring Rb 108 102 107! 10? 108 102 107! 10° 10’

& ZﬂRm Rg 1+ ]wa Cb frequency [MHz] frequency [MHz]
h-in R
l

18th june 2026 XL RIUNIONE ANNUALE DEI ET2026

RICERCATORI DI ELETTROTECNICA

O'eq =



04 Modelling Approaches (Ferrites)

Imposed Magnetic Induction: 10 mT
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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)

« Acircuital 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.
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04 Modelling Approaches (Nanocrystalline)
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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/TI1A.2026.3675154.
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04 Modelling Approaches (Nanocrystalline)
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