PSMA

IEEE POWER
ELECTRONICS SOCIETY
Powering a Sustainable Future

MagNet. Large Database for Core Loss Machine Learning Modeling

Diego Serrano, Haoran LI, Shukal Wang, Vineet Bansal, Min Luo, Thomas Guillod, Charles Sullivan and Minjie Chen

Magnetic Core Loss

* Modeling core loss is a challenging task:
» Core losses are highly nonlinear.

* Neural networks can
nonlinear effects and

produce accurate
models.

excitations.

* Intended to allow researchers to develop their own
machine learning tools for core loss modeling.

* Current status of the database:

* 10 materials.
- 230.000 datapoints.

Webpage

Core Loss Database
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Download Waveform Data

Voltage and current data from the oscilloscope

Download zip file

Single switching cycle post-processed B-H data

Download zip file

https://mag-net.

Frequency [kHz]

Affected by several factors (f, B, T, etc).
The physics behind is not well understood.
Manufacturer information is limited.
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Extensive datasets are required for the training process.

* f, B, and Py, are postprocessed from scope measurements and the info of the core under test.
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MagNet: an open-source database containing
measurement of core losses for different materials and
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Waveform visua
=275 kHz, B=155 mT

Select the material and
excitation.

Visualize the selected
excitation shape.

Download the datapoints.
Visualize the core loss.

Flux Density [mT]

Power Loss vs Flux Density and Frequency

AC Flux Density [mT]
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-0.05683 -0.05199 -0.03277 -0.03121

Bl -0.05355(_-0.05523 -0.05527 -0.05527
j -0-04871 Waveform 2
g -0.04715 _ Sample B
-0.03433
-~ -»

S -0.03605 -
-0.03761 10 ns

-0.0584

Time |us]

ed Yoltage

aliz

Marm

Time [us]

Core Loss Analysis

» Losses are calculated using the deployed NN

(Machine Learning).

* Losses compared to interpolated measurements,
datasheet information, and IGSE method.

Function

- Automated to collect a large amount of datapoints in hours.
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Core Loss:

253.33 kW/m”3 - iGSE

Seguence-to-Scalar

A NN for each material.
 All excitation types at once.
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235.81 kW/m”3 - Machine Learning (ML)

Core Loss Sweeping Frequency
at a fixed Flux Density (100 mT)
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Core Loss Simulation

* Topologies can be
simulated online for the
specified conditions.

Simulated Operation Waveforms
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Topology:

DAB
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» Losses calculated using
Sequence-to-Scalar NN
and IGSE.

241.7 kW/m*3 - Interpolated from Measurements

400.51 kW/m”3 - Interpolated from Datasheet

Core Loss Sweeping Flux Density
at a fixed Frequency (150 kHz)
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» QOperation point - Core info

oltageinp Length of core [mm]

40.00 = " 100.00

Simulated Core Loss
1.6 W (159.98 kW/mA3) - iGSE
1.44 W (143.52 kW/mA3) - ML

05 Sequence-to-Sequence

* Under development.

TDK - N27, Sinusoidal excitation
f=150 kHz, B=100 mT, Bias=0.0 mT

Neural Networks
Scalar-to-Scalar

A Feedforward NN for each material and excitation.

24 neurons 24
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Conclusion

Long Short-
Term Memory Concatenated FNN

32 units 32 neurons 16

* Temperature and DC bias can be easily added in the future.
« Transfer learning can be used when large datasets are not available.
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* A large database of core loss for different materials and
excitations is being developed for Machine Learning tools.
» Fully automated core loss data acquisition system for fast

data capture.

- Large-scale open-source core loss database containing
10 materials and over 200.000 datapoints.

» Accurate core loss estimation based on neural networks
for specific waveforms or directly reading B(t).

* NN models and measurements available online at
https://mag-net.princeton.edu/

- Machine learning Is a promising alternative method
compared to traditional equation-based core loss modeling.
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