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Introduction
What We Expect from Higher Switching Frequencies

Switching Frequency

Two Main Issues
Selection of material
Modeling of material




GECKO

SIMULATIONS

Core Materials
Overview of Different Core Materials (1)
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Magnetic
Materials
Soft Magnetic Hard Magnetic
Materials Materials
A 4 \ 4
Iron Based Alloys Ferrites
- ferromagnetics - - ferrimagnetics -
Alloys with some amount of Si, Ni, Cr or Co. Ceramic materials, oxide mixtures of iron and Mn, Zn, Ni or Co.
Low electric resistivity. High electric resistivity.
High saturation flux density. Small saturation flux density compared to ferromagnetics.

v v v

v

. Powder Iron Cores
Laminated Cores Amorphous Alloys
Laminations are electrically isolated to Consist of small iron particles, which are Made of alloys without crystallyine order
v electrically isolated to each other. (cf. glasses, liquids).

reduce eddy currents.

Nanocrystalline Materials

Ultra fine grain FeSi, which are
embedded in an amorphous minority
phase.
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Core Materials

Overview of Different Core Materials (2)
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[1] M. S. Rylko, K. J. Hartnett, J. G. Hayes, M.G. Egan, “Magnetic Material Selection for High Power High Frequency

Inductors in DC-DC Converters’

" in Proc. of the APEC 2009.
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Core Materials
Example

Parameter Value
Input voltage AC Viains 230V

Mains frequency frains | 50 Hz z ---- -
DC Voltage lbc 650V R
Load Current 1 15.4 A _ -----

SiFe vs. Ferrite
2 kHz vs. 20 kHz

Modeling with GeckoMAGNETICS

www.gecko-simulations.com
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Core Materials
GeckoMAGNETICS Example

2kHz/ Tmax=65°C /L =2.5mH/ Solid Round Wires

GeckoMAGNETICS
File Help

GECKO

|InductorDeswgn |v| | Open Database |
SIMULATIONS

rStar‘t rCore rWinding rWaveform rCoo\ing rResuIts |

Design Results

Axes  |[Volume(X) vs. Losses(Y) |v|

Find Optimum Design PV - Plot
Results
Inductance 2,553 mH
Total Losses 28.446 W 5
o
Core Losses 3.822 W
Winding Losses 24,624 W
DC Bias Current Losses 0.000 W
AC Conduction + Skin Effect Losses 2775 W
Proximity Effect Losses 21.849 W
Core Temperature 28.307 °C i
: 1 2 El 4 5 4] 7
winding Temperature 34,890 °C vidm3]
Total Boxed Volume 3.634 dm? : | ® MinVolume: 1 e Others: 717 Min Losses: 1|
Save Selected Inductor | | Examine Design in Detail |

Sat. Limit
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Core Materials
GeckoMAGNETICS Example

20 kHz / Tmax = 65°C / L =1 mH / Litz Wires

GeckoMAGNETICS

Eile Help
‘Inductor Design ‘v| | Open Database | GECKO
SIMULATIONS
["start |"core | winding | waveform | cooling ['Results |
Design Results
Axes [Volume(X) vs. Losses(y) |v‘
Find Optimum Design PV - Plat
] 25
: 325 .
3 S S
e e e 20 e® o
Results =l
25 1
Inductance 1.026 mH aE SI Fe (M 1 65 358)
Total Losses 31.404 W = 20
o
Core Losses 24.876 W 5.8
. 15
Winding Losses 6.528 W .
. "o ( )
: 13,5
DC Bias Current Losses 0.000 W : ’ " Py Ferrlte N87
s 10 dibaee
AC Conduction + Skin Effect Losses 6.519 W :
LT
; ; -
Proximity Effect Losses 0.009 W : g g ‘ ‘ . o ™
Core Temperature 63.726 °C 2.5
4 0.5 0.73 1 o 1.73 2 2,25 25
winding Temperature 48.698 °C : V[dmz]
Total Boxed Volume 1.622 dm® ‘ ®m MinVolume: 1 @ Others: 348 4 Min Losses: 1|
Save Selected Inductaor | | Examine Design in Detail

Therm. Limit
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Core Materials
Material Selection Criteria (2)

B sat A

Increasing f

>

Core Loss
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Introduction
Material Selection Criteria (1)

Saturation Flux Density
vs. Core Losses
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Selection Criteria
Sat. Flux Density Losses
| : | | | | >
Frequency
Materials
Laminated Steel Cores Ferrites / Ferrites /
Amorphous / Nanocrystalline Materials
Iron Powder
Sat. Limit Therm. Limit
Ferrites

Often superposition of HF
and LF components...

iy
Wi

Minor Loop =

ajor Loop

< 2 Mhz (approx.)
Manganese-zinc ferrite

> 2 Mhz (approx.)
Nickel-zinc ferrite
Lower permeability,
Lower Bsat
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Core Materials
Material Selection Criteria (2)

Best for components
with LF and HF B sat A
components?

(e.g. boost inductor?)

Increasing f

>

Core Loss
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Core Materials
Effect in Tape Wound Cores

=

Thin ribbons (approx. 20 pm)

Wound as toroid or as double C core.

Amorphous or nanocrystalline materials.

Losses in gapped tape wound cores higher than expected!

20.03.14 Gecko-Simulations AG Jonas Muhlethaler 11
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Core Materials
Effect in Tape Wound Cores - Orthogonal Flux Lines

In [10] a core loss increase with increasing air gap length has been observed.

30
=40 (kHz)
Eddy Ba=0.2 (T) P’
current -
E A
<20} et
4 -
= /0/0’ \. Amorphous
wvi
74
310 F INEMET
g Ferrite
© N\ 3 A A -
Main flux
. ]
1/ur
Eddy . )
current Fig.1l Core 1loss per cycle W/f in FINEMET, Fe-based

amorphous, and ferrite cut cores as a function of
inverse of the effective permeability Hp.

Figure from [10]

[10] H. Fukunaga, T. Eguchi, K. Koga, Y. Ohta, and H. Kakehashi, “High Performance Cut Cores Prepared From
Crystallized Fe-Based Amorphous Ribbon”, in IEEE Transactions on Magnetics, vol. 26, no. 5, 1990.
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Core Materials
Effect in Tape Wound Cores - Orthogonal Flux Lines

An experiment that illustrates well the loss increase due to an orthogonal flux is given here.

Displacements
C
Horizontal Displacement Vertical Displacement
Core Loss Results 10
—e—Horizontal displacement
__ 84| Vertical displacement
B
g 0
3
2,
0 T T T T
0 10 20 30 40 50

Misalignment [% of the corresponding dimension]
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Core Materials
Core Material Pareto Front

Transformers /

CM Chokes
B sat A

inductors

Increasing f

>

Core Loss
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Core Materials
Conclusion

It is crucial to understand the core materials in detail.

Often material selection is not trivial (HF + LF).

Effects that become more important at HF:

Relaxation Effect Orthogonal Flux

|— Core —
In-Plane

A / \\\\
t t = —AB =50mT, = 10ps
AB / - ! - \2 > . 5-AB=100mT, 1, = 10ps c
t 3 2 B;‘,I\ Eddy Current
R 5-AB = 100mT, 1, = Sps v,
//Zi\‘B VL—/” \\\ | —— H :
' g —

\ 0() T 10 20 30 40 50 60

*

Fig.2 Schematic representation of in-plane eddy
current generated by leakage flux normal to ribbon
surfaces.

+ other effects, e.g. dimensional resonance

19.02.14 Gecko-Simulations AG Jonas Miihlethaler 15
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Understanding Core Losses
i’GSE — Motivation

Waveform Results

7
o 4
A J i)
5 ]
AB / P I ___\ 15 _ :14* +AB=50mT,12=10ps 1
- ol I U ;; -5 AB=100mT, 1, = 10ps ||

~#AB=100mT, 7, = Sus

‘l,

y By \ )
0O T 1‘0 2‘0 36 40 5‘0 60

7,[ps]
iIGSE Conclusion
P, =kf"B* |
Losses in the phase of constant
l flux!
T a
| dB B-a
R:—j&——(Am ds
)| de
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Understanding Core Losses
Derivation of the i*GSE — B-H-Loop
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Relaxation Losses

2 3 4
\ Y J/ * Rate-dependent BH Loop.
A /
1 .
AB y ! \,2 = Reestablishment of a thermal
e e Bt equilibrium is governed by relaxation
v~ \ processes.
By
(a) ! \ . . .
; = Restricted domain wall motion.
0.1 T T ; T T 4| w\ /2
0.05f : : 1N
Current Waveform
=
a 0F
[
-0.05F =
'0'-50 -155 -|10 5 6 5 |50 1‘5 20
H, [A/m]
(b) 0% 100 200 300 400 500
t [ps]
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Understanding Core Losses
Derivation of the i*GSE — Model Part 1

AB /=

|
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> \ = .
/4 1\
Y BL \
Model Part 1
T a
1 dB -a ! 7 T T T
F, :_J.ki— (AB)'B dt+ZEz 7 Y
T dt_ 6F ﬂ/v/—/_’lv Y
0 =l 5 /E/E/’% i
§4 —AB = 50mT, 1= 10ps |+
1 d a. _Ll 53 ‘ -=5AB=100mT, t2=10us |
petelSoef et B
T dt IW_)% = *
\ ’ 00 T 1‘0 2‘0 3b 4‘0 5‘0 60
! 1 [hs]
AE
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Understanding Core Losses
Derivation of the i*GSE — Model Part 2 (1)

Waveform
/" B ~
/ I
_ ~ -
R /
4DT=-‘. (I-D)T >
Explanation

Power Loss

P[W]

0.151

0.107

0.057
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Upper Loss Limits

Measured Values

iGSE

0.1 0.2 0.3 0.4

0.5

1) For values of D close to 0 or close to 1 a loss underestimation is expected when calculating losses with iGSE (no

relaxation losses included).

2) For values of D close to 0.5 the iGSE is expected to be accurate.

3) Adding the relaxation term leads to the upper loss limit, while the iGSE represents the lower loss limit.
4) Losses are expected to be in between the two limits, as has been confirmed with measurements.

19.02.14 Gecko-Simulations AG
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Understanding Core Losses
Derivation of the i°GSE — Model Results
Waveform Power Loss
/" \< -~ 0.151
_ / ~ Fot
/ i’GSE I
N or. AD)T > 0.10- Upper Loss Limits
Measured Values
P[W]
0.051 IGSE
0- T T T T T
0.1 0.2 0.3 0.4 0.5
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Understanding Core Losses
Derivation of the i*GSE — Summary

The improved-improved Generalized Steinmetz Equation (i*GSE) [9]

17 1dB| [ \pea s &
P =—[(k|—| |AB)" "dt+ P
\% T-!- i dt ( ) ;er 1/
with o
1. |d f -
= ks B0y (88 He " Y..
Id Il[r lf;]
and dB(t+)/dt 1T
0 =e¢ "B (1-)/dt ...
rl

[9] J. Muhlethaler, J. Biela, J.W. Kolar, and A. Ecklebe, “Improved Core Loss Calculation for Magnetic
Components Employed in Power Electronic Systems”, in Proc. of the APEC, Ft. Worth, TX, USA, 2011.
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Understanding Core Losses
Derivation of the i*GSE — Example
Evaluated for each voltage step, i.e. for each
i2GSE corner point in a piecewise-linear flux
Evaluated for each piecewise-linear flux waveform.
segment AN
{

/
)
— —

1° |dB 3 i
P =—(k|—| (AB)"“dt+ P
v T-‘([)- i dt ( ) ZIQH ]
Example
o =1 0 0B fort>0and ¢ <T/2-t,
/ / 5 — /2-t,
AB| |, - \ r d_jtg:%) Ny fort>T/2—t, and ¢ <T/2
LL fort>T/2andt <T —t
|7 u T/Z—l‘y / y
<> 122’ |:|
g &l fort 27 —¢,andt <T
T -2t AB | 2
P = Y k. (AB)ﬁ'”+ZQde with Qri=Qr2=0 i
T T/Z—l‘y = 1 AB ' 5 [] by
P=p =Lk |25 | (aB)fg-c
T '|T/2-t,
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GeckoMAGNETICS

1 GeckoMAGNETICS [E=8EoR |

File Help

o

ata Graphs Analysis Simulation

=

[mauctor Design [¥] [ openDabase

GECKO
SRR

Start | Core | Winding | Waveform | Cooling | Resuits

Inductor in Detail

Losses By Winding | Waveforms [ Lwvs. Current | Inductor design

Design Results

e i e |
PV-Plot wh
925
a
Result 875
o
Inductance 2527 mi -
Total Losses 72903 W &
75
Core Losses 28258 W = 6.9619 W/m
Winding Losses 44645 W =725 . £.6139 wim 028633 98667e-3
) . .
DC Bias CurrentLosses 0000 W . 6:2658 Wim
675 | 5.9179 Wim
AC Conduction + Skin Effect Losses 36971 W o5 L I °. 5.5698 Wim
H
FroumityEfect Losses To15 W 525 LI : 5.2218 Wim
60 - L 4.8738 W/m
re Temperature 10522 °C 75 B 45258 Wim
Winding Temperature 116317 C e 4.1778 Wim
0075 01 0125 015 0475 02 0225 025 0375 03 0325 034 38298 wWim
Total Boxed Volume 74326 cm* - 3.4818 Wim
3.1338 W/m
[ imvome 1+ orers 30 L tomees 1] B
24378 wim”
Save Selected Inductor Examin
2.0898 W/m
1.7418 Wm
1.3938 Wm
1.0458 W/m
0.6978 Wim

0.3498 Wim

Save Time

Fast and accurate design of magnetic components

Easy-to-use for non-expert

Increase Flexibility
Tool shows more than one realization possibility
In-house design of magnetics crucial for optimal designs.
Most Loss Effects are Considered

Skin- and proximity losses in litz, round and foil windings, air gap stray field losses,

DC bias core losses, thermal model, ... G E c Ko

STMULATIONS 2, 56

www.gecko-simulations.com E,




	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23

