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Phase I – Work motivation
Presented at PSMA 
Workshop, APEC 2018 San 
Antonio

Phase I – Results
Work showed non-uniform flux 
distribution due to frequency 
effects.
The phenomena was identified, 
however, further investigation was 
necessary to assess the phenomena 
quantitatively and qualitatively.
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Conclusions from the Phase I:

• Eleven magnetic materials were tested. Flux distributions and impedance 
characteristics were measured for selected ring and frame cores.
• It is observed that magnetic flux undergoes a skin effect analogous to 
conductors. In the extreme case, the magnetic flux in the core middle section may 
flow in an opposite direction to the equivalent flux in the core.
• The magnetic flux skin effect results in core parameter deterioration as 
frequency increases. This effect was recorded by experimental method. It is a 
matter for further investigation as to what is the origin of the magnetic flux skin 
effect.
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Phase II project targets:
1. Improve the accuracy of the flux distribution assesment in a ferrite core by 

drilling more holes.     
2. Measure the frequency characteristics of the resistivity ρ, permittivity ε, and 

permeability μ for selected ferrite material samples.
3. Measure and contrast the power losses of different sized cores of the same 

material for sinusoidal and rectangular excitation.
Design and build a core loss tester for rectangular wave excitation

4. Conclusions and recommendations for data to be included in the core 
specification

5. The test FEA model is validated by the experimental results
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Flux Distribution in the 3C95 Ring Core
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Three sets of holes were bored in selected ferrite cores 
to measure the magnetic flux distribution.

Section A

Section B

Section C

Section D

Material 3C95

Permeability 3 000 

Dimensions 
OD x ID x H 152x104x24 mm

Core total cross 
section 558 mm²

Core volume 224 cm³

Test setup:
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Flux Distribution in the 3C95 Ring Core
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Direct measurement possible for section D: 
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Flux Distribution in the 3E10 Ring Core
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Six horizontal holes and six vertical holes equally spaced to fraction the core into 
49 segments. 

Material 3E10

Permeability 10 000

Dimensions 
OD x ID x H 152x104x24 mm

Core total cross 
section 558 mm²

Core volume 224 cm³

Test setup:
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Preliminary results available for three frequency points: 50, 200 and 500 kHz. 
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Any combination of the core segments could be contrasted with each other

More will be presented during demonstration section…
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Properties of the magnetic materials 
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The most important is to have correct data than 
the most detailed equation or model.

Magnetics materials properties:
1. Permeability frequency characteristic
2. Dielectric constant frequency characteristic
3. Conductivity frequency characteristic
4. Power loss measured at sinusoidal and square

wave excitation 

Goal:
Standardization of the magnetic material datasheet to be provided by magnetic 
core manufacturers
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Properties of the magnetic materials 
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Core permeability, permittivity and conductivity have direct impact on flux 
distribution

Simulation 1 – Ideal
f = 500 kHz, µR = 10 000, ɛR = 1, σ = 0.1 S/m  

Simulation 3 – High conductivity
f = 500 kHz, µR = 10 000, ɛR = 1, σ = 5 S/m  

Simulation 2 – High permittivity
f = 500 kHz, µR = 10 000, ɛR = 20 000, σ = 0.1 S/m  

Simulation 4 – All parameters
f = 500 kHz, µR = 10 000, ɛR = 20 000, σ = 5 S/m  
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Properties of the magnetic materials – permeability

17

Materials permeability vary strongly with frequency and core size:
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Size increase

Tested samples

Martial 3C95 3C95 3C95

Dimensions 
OD x ID x H 152x104x24 mm 87x56x20 mm 50x30x16.5 mm

Core total cross 
section 558 mm² 310 mm² 164 mm²

Core volume 224 cm³ 69.6 cm³ 20.47 cm³



PSMA Workshop, Anaheim 16.3.2019
M.Kacki, M.Rylko, E.Herbert, John Hayes, Charles Sullivan 
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Only small core size would minimize parasitic effects.

-2,000

0

2,000

4,000

6,000

8,000

0.00 0.10 10.00

Re
al

 P
er

m
ea

bi
lit

y
µ'

Frequency (MHz)
3C95_T6/4/3 - @20°C 3C95_T154/104/24 - @20°C

Tested samples  

Martial 3C95 3C95

Dimensions 
OD x ID x H 152x104x24 mm 6x4x3 mm

Core total cross 
section 558 mm² 3 mm²

Core volume 224 cm³ 0.05 cm³
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Properties of the magnetic materials
-dielectric constant and conductivity
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BNC connectors

Electrode

Shielding

Tensometer

Electrode shielding for reduced stray 
capacitance at the edge of the 

electrodes

Electrode shape and size adapted to 
the tested Sample size and shape  

Compression force control

WayneKerr 6550B interface
Measurement setup

Electrode

Tested material



PSMA Workshop, Anaheim 16.3.2019
M.Kacki, M.Rylko, E.Herbert, John Hayes, Charles Sullivan 

Properties of the magnetic materials – power loss
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Core performance 
factor comparison  

Test setup:
Tested samples

Material 3C95 3C95 3C95

Dimensions 
OD x ID x H 152x104x24 mm 87x56x20 mm 50x30x16.5 mm

Core total cross 
section 558 mm² 310 mm² 164 mm²

Core volume 224 cm³ 69.6 cm³ 20.47 cm³
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Power loss density comparison: 

Tested samples

Material 3C95 3C95 3C95

Dimensions 
OD x ID x H 152x104x24 mm 87x56x20 mm 50x30x16.5 mm

Core total cross 
section 558 mm² 310 mm² 164 mm²

Core volume 224 cm³ 69.6 cm³ 20.47 cm³
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Purpose developed test circuit

Component Parameters

EPC2001CS eGaN FET VDS = 100V, ID = 25A, 
RDS(ON) = 7mΩ

Gate driver Texas instrument LM5113

Control board Altera DE0 

Current probe Tektronix TCP0030A

Voltage probe Tektronix TIVH08
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Magnetic materialpermeability, permittivity and conductivity impacts the core performance.

Non uniform magnetic flux distribution sets the limit for effective core use. 

The research indicates limitations of the bulk ferrite materials, but also indicated the potential 

for improvement as small size components performance deteriorates at higher frequencies. 

The results indicate a way to mitigate the non-uniform magnetic flux effect, hence, enable 

ferrite material to be used effectively for large applications*. 

* Large application is in relation to the operating frequency where the size effect is developed. 

Ferrite properties known – what̀ s next ? 

25
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Non-uniform flux distribution – Laminated ferrite core
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f = 500 kHz

Parameter Unit Bulk Laminated 

Material - Mn-Zn 3E10 Mn-Zn 3E10

Dimensions 
OD x ID x H mm 80 x 45 x 17.5

solid
80 x 45 x 3.5 x 5

5 lamination

Core total cross 
section mm² 324 324

Core volume cm³ 62.55 62.55

The laminar structure sections the 
conduction path into sub-regions 
of high-resistnace path that 
reduce high-frequency effects. 
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Power loss comparison:
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Non-uniform flux distribution – Hollowed ferrite core
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Parameter Unit Bulk Laminated 

Material - Mn-Zn 3E12 Mn-Zn 3E12

Dimensions 
OD x ID x H mm 86 x 60 x 13.5 86 x 60 x 28

Core total cross 
section mm² 177 177

Core volume cm³ 40.50 40.50

f = 500 kHz
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Non-uniform flux distribution – Hollowed ferrite core
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Power loss comparison:
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Non-uniform flux distribution – string of beads 

32

Parameter Unit Core 1 Core 2 Core 3 Core 4

Material - Mn-Zn 3E10 Mn-Zn 3E10 Mn-Zn 3E10 Mn-Zn 3E10

Dimensions 
OD x ID x H mm 80 x 40 x 15 (60 x 40 x 15) x 2 (50 x 40 x 15) x 4 (14 x 9 x 9) x 64

Core total cross 
section mm² 300 300 300 1472

Core total 
volume cm³ 56.55 47.12 42.41 51.58

Turns number - 5 5 5 1
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Non-uniform flux distribution – string of beads 
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> Increased drilled holes mesh allows for accurate flux distribution verification
> Low loss and high permeability materials shows significant flux increase in the 
inner core segment due to dimensional resonance, magnetic flux skin effects 
results in core parameters deterioration at higher frequencies     
> Detailed knowledge about magnetic material conductivity and permittivity 
frequency characteristic is a key to understand flux propagation in ferrite cores
> Core shape and size has significiant influence on the core parameters. Core
overall size optimization is as important as material selection 
> Presented methods for core parameters measurement are base for further 
discussion on the standardized test for magnetic material properties and a 
generic specification   
> Proposed laminar ferrite structure shows significant improvement of the 
impedance characteristic while maintaining the same core size, and so allows to 
aviod adverse parameters deterioration of the large size bulk cores
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Demonstration section

Results for various materials, 
tested samples and much more….
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