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Validation of transformer level
Validation of MFT@10kHz for industry

Hard vs. soft saturation

Micro Pulser 2.0 with JIG under pulse and
loss under

as example low perm nano core, gap distributed as powder core vs. tape wound core

Conclusion

Annex

core loss map for Gecko Magnetics
coil loss map

MFT@5kHz for grid 2024
Herbert curve under square wave



high excitation

IEC 62044-3
loss, u, driven by B mode

B,cals 100P driven by H mode
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Pulse Magnetization

low excitation fast transit of magnetic state

IEC 62044-2 dB/dt

IEC 60367-1 Annex G (393 IEEE)

DC superposition

BsT-Pulse

loss map (f, B, T, H,,)

major, and biased minor loop

Ko (B, T, Hy) differential and amplitude L,

energetic L, power loss i.e. Q factor
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Pulse Magnetization Square Wave

fast transit of magnetic state ©@ V. a

dB/dt x\\&

&

o ‘1
BsT-Pulse / /‘
di = Ipp

differential and amplitude L t

v

v

energetic L, powerloss

dt =

bipolar pulse magnetization l \ J \
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MFT @ 10kHz validation 2025 b\)s

o

18 mH

Nanocrystalline ...

Tape Wound
Core (high perm)
like switch , |
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Coil loss under square wave 1013V 1053 s

Voltage Integral [uVs)

34
32
30 |
28
28
241
221
20 |
18

18 |
14|
12
10 |
08 |
08 |
04
02

00 |
02 |

016 014 012 0.10 008 008 004 002 000 002 004 008 008 010 012 014
po,

» TestDate:
anuary2028.

 Photo of BT SQ macro Testig System:

uwbpsma 2018

18 mH

Voltage Integral - mVs l

mwb psma 2025

Voltage integration vs Current
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Coil loss map vs model parameterization

11+12

W F2=13

Core Loss Modeling page 14

1. L:Inductance value* is slot from Vs vs | diagram

2.

R and C**:
primary N=1~12 uQ

secondary N=12 ~1,3 mQ

Switching loss

Voltage Integral - mVs

*linear, differential, amplitude and energetic equivalent overlap each other
** C wire capacitance and capacitance from source to DUT
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low permeable nano core under test

gap distributed as

Cross sectional view

Metal alloy powder

Ceramic insulation layer

Tape Wound Core Powdered Core

Tensile Stress Annealing A 060 l

:ihbﬁmﬁzﬂa L Permeability code, e.g. 060 for permeabilit
o T z -
TR Powder composition code, |, K, S, H, M, A anc‘E
I: iron
1000%0Y feia VITROPERM 800
annealsl strass annealed (4s) K: Fe-Si
% L umﬂg T, S: Fe-Si-Al
o H: Fe-N
§ o @ e M: Fe-Ni-Mo
i
o

l IEC63299 A: Amorphous

N: Nanocrystal
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Annealing Stress, o, (MPa)
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Testing with same J IG 2024
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hard vs. soft saturation

Protokolle.zip
Hard saturation Soft saturation
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Coil loss comparison under square wave

Set10V 5 pus

CuUT Loss (uJ)

11.1

9.5

Set 5V 5 ps

CuUT Loss (uJ)

v 13.24

1.14
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Herbert Graph to map coil loss

Ferrite with p_max 2017 Nano alloy powder (soft) vs. TWC (hard)
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conclusion

* Nonlinearity: Hard & soft saturation
 Magnetic Loss: core loss map & coil loss map

* Precise modelling of inductance in circuit
simulation starts with precise articulation
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Annex 1 core loss map \)\.‘\

¥ GeckoMAGNETICS 15,1 beta test

File View Tools Window Help

g i Import XML into DB g

£ Open Database 3

o B odum . 2016
g Import Dynamic BH-Curve
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Annex 2 coil loss map \’\V\\

Piecewise Linear Components

Multi-Level models are a key feature

Resistors Capacitors Inductors
i — Q S
- J/ -
f 4 |
1R £ G £ L=N2pAJE
f v 4 v i
/ /
__,,-“.I ____,.f'lll
x-value < Voltage x-value = Voltage ¥-value = Current
y-value = Current y-value - Charge y-value = Flux Linkages

10 depends on softness of saturation

L does not start from 0 due to 0SS

Magnetization vs. Demagnetization difference due to 0SS

Precise articulation of L,

(differential, amplitude and energy equivalent,
along magnetziation vs demagnetization path) is starting point, especially for soft saturation
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Annex 3 MFT @ 5kHz validation 2024 6‘

TABLE 5. Comparison of measured and modeled MFT leakage and "
magnetizing inductances. pc im
EUROPE

Ls(uH) An.model FEM2Dpipe RLC Bode 100

Design Optimization of a MW-level

at 5 kHz - 34 382 379
Lm(mH) Ref.value RLC  Bode 100 Medium Frequency Transformer
at 5 kHz 35.77  36.66  36.74 e AN - .
Mkolﬂkanovnc and Drazen Dujic

Power Electronics Laboratory, EPFL

e

X

W

Nanocrystalline
Tape Wound R
Cut Core

FIGURE 21. 1 MW prototype of the 2-vessel MFT (a) without and (b) with
the winding termination panel and the top and bottom DI water -

distribution units.
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