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演示者
演示文稿备注
When modeling an power electronic system, you can think of different hierarchical layers that have to be described. 

System layer: 	- topology, modulation scheme, etc.
			- each system consists of different components.

Component Layer: - each component consists of different materials.

Material Layer: how the material behaves for a certain excitation.

The goal in this thesis was to improve the model accuracy when modeling inductive components. For that all layers have been considered.



GeckoMAGNETICS - REEIREEAEAY
FE, 0 H PR AR 4 A0 SR BY B8 5 / R 37 R B URh R e

Buck Converter

A Current / Flux Waveform —

L -

e .
o ‘_L, o/ =
V| — (a) ZS T v, @IL W\

‘ 14

Dual Active Bridge
¥ Jﬁ’_ ..J:JESL . Jﬁ J% i/d,

U | IR A N/ SP P
| B o om | \ \__/ 8

Current / Flux Waveform

+ 0O

Three-Phase PFC
I Current / Flux Waveform

K5 K3 Jrflzz /0
. Lo |
£E§§ j@wﬁﬁjé T Y ‘\\./

http://bbs_big-bit.com/thread-470678-1-1.html P aa
J

111-




GeckoMAGNETICS - Rtz

B RFE R Y B R B R 52 A TR |
- BRI AEZR M
- BAEYFET - [N ZRHFE AL (U0 Steinmetz)
— GeckoMAGNETICS: f&RH, #¥sFEM M Steinmet 2B 11455

“The best of both worlds” (Steinmetz & Loss Map approach)

Loss Map

Loss Material Database
E—— ﬂ;:ﬁ.‘ e

|

k,ki,a,ﬂ,ar,ﬂr,qr,l'

l

(ABY “dt +ZQ” e

dB|”
dt

> Pvz?z[k

http://bbs_big-bit.com/thread-470678-1-1.html

GECKO

SIMULATIONS



GeckoMAGNETICS - Loss Map Core Loss Modeling

B ESteinmetz A A AT T IhFEH B AT T A RIBUBIS R vHH (3]

Po=g [k

k; =

(AB)B « dt

(27r)e—1 0 |cost9|c‘-’2-3—c‘fd9

— BT AN TR 5L B
- ~AIBTHEL!

— 25 =AW HERSteinmetz A E
R ThFEL ) B4k, £ = 200 kHz, D=0.5, AB = small

fix)

Fourier Series + — 30 % difference in P
teinmetz ... results
SS (=1)r-12 nmx .
f)= — Z Tl i sin( ] compared to iGSE
2
ﬂ" n=135... n L

[3] C. R. Sullivan, “Improved calculation of core loss with nonsinusoidal waveforms,” in Ind. Appl.
Conf. 2001. 36" IEEE IAS Annual Meeting, vol. 4, pp. 2203 -2210, 2001 GECKO
SIMULATIONS )

http://bbs_big-bit.com/thread-470678-1-1.html



GeckoMAGNETICS - Rt iRdEraz

Evaluated for the according
Loss Map piecewise—linear flux
segment \\
Relaxation B-H-Relation
a, B,
- — . 1 qaBpe
: , — P = (AB)°~ dt
T Jo
LF HF
(I) ABLTH, I BrTH,
(1) > f\J /\/
[ —P> : :
P
| V‘LVL
Three loss map NN
operating
. " P
pOan.ES are Pi=k (Zfl) (ABl)
required in 3 p P
order to P,=k(2f,)" (AB,) —
extract the o B V
parameters a, 3, || Pa=ki (2f3) (ABS)
and k or ki. T
These equations arise when one evaluates
the iGSE for symmetric triangular
waveforms.
(4] J. Mihlethaler, J. W. Kolar, et Al., “Core Losses Under the DC Bias Condition
Based on
Steinmetz Parameters” , IEEE Trans. on Power Electr., Vol. 27, No. 2, Feb. 2012. GECKO
SIMULATIONS

http://bbs_big-bit.com/thread-470678-1-1.html



4

GeckoMAGNETICS - R&thHasErasml

BGOSR IR E, BISERBINMMN (1GSE)
ARG, 2561

— Buck converter, 1 . = 10A, AT =0.4 A D=0.7, f =200 kHz

— PEARERLC T R A 3B R AT AR
- BGIRFESS KA EL R NN 200 mW.  ZWEH).: P = 90 mW
- 5%HD: D =0.5: 180 mW... D = 0.9: 231 mW

Loss Map Example: Ferrite Core Losses, T = 80°C, B = 0.025 T Loss Map Example: Ferrite Core Losses, T = 80°C, Bpe = 0
20 3000 -
e 154 =,
g E 2000
=) =
& .5 1000 -
o 9 o
U A 0 =
300 W 300
200 T < 0:2
100 —
_ < 0.05
fin kHz 0 0 Bje i T

http://bbs_big-bit.com/thread-470678-1-1.html



piEE R TR

- WLGHAETHEL (1GSE) EARYEHLIE % E B (t)

- B(t) IpiH S AR A IR e iR AT T B2 A DR AT Y 7 5K
= REREAATIH SR AE RIS T AT IR it 55k

- R P T R A S

Iecl

NI

R,

A reluctance model is needed in order to:

TTEHRME (L=VN2/R,, )

THEHF TR
T E 4B
HERETE HEHFE T EER)

http://bbs_big-bit.com/thread-470678-1-1.html P aa



SBRHERH TR
PR RLFH T
Basic Structure [5] for the Air Gap
e Calculation
Air Gap Type 1 a 1. P Based o sforms
h
yd .
w/2
/ | |
R‘bslsic R ! [— 1
. =12 b
Air Gap Type 2 g i iw—uf{ aste w 2 zzh
R'o 7T
(=1
(w=a)
10'
Results: ————— ]
1 (_homogel_leous ﬁe_ld dlstnb_utl_on)
< Z LLLLL I/ T (increase of 4, [11) |
a ly —_
z
i <
Air Gap Type 3 / ? — ,[].[] g
7 (=1 «
4 (w=a) R
)
10 = -1
“A Novel Approach for 3D Air'® 1oj/a 10

(5] J. Mihlethaler, J. W. Kolar, A. Ecklebe,
Gap Reluctance Calculations” , 8% ECCE Asia, Korea, May 30-June 3, 2011.

GECKO

SIMULATIONS

———

http://bbs_big-bit.com/thread-470678-1-1.html P




ARLNE RN E A B, FHECAE R SR AR

MZREESE (80 GeckoCIRCUITS): ~RERHTH SR «: ‘
B HER, BEEE: JELR 4 B R AT B
NZ
L =
nonlinear ,secant L (i) = N-@ _ E Rt (1)
indUCtance : 7’ 7’ Inductance B-H Relation
0.74 15
) d(N - P dw
small signal: Ld(z) — ( di ) — KT 0.72 f 7
di  dU di v oS 5
1 1 —
o(t) = La(i) - =S Yol e | da
dt d’l dt dt E &6 E 12
= o) 11
d[i- Ly(i odi . dL( g % ' s
[ S( )] :LS(’Z)'—+Z' S() §064 % E g10
dt dt at §° 1§ |08
062 S 0507
) ¥19 = 6
1 . 5
— LS(Z) = — Ls(i’) di’ o ?0 4
1 0.58 3
Energy equivalent 0 &1 P2
nonlinear inductance: i 0 50 100 150 200 % 500 1000
. 2 Current [A] Magnetic Field [A/m]
L) = [ i L) ai

0 GECKO

L SIMULATIONS
http://bbs_big-bit.com/thread-470678-1-1.html



XBAAVIR R A BN (B, e indE) MEIRE T FEA]
WBWEFELUT

o RS, FENUIRHURERME R A

. RUTRSF, SRAHHEG

o ILABURIZEAR HL K

. ZREEMAFLAMHCo-Simulation (GeckoCIRCUITS)
. HUAEEY

e BB (RS RSTIFEZ M, Newton iterations)
. PRAAIA (e.g. Matlab FAAFH])

GECKO

L SIMULATIONS
http://bbs_big-bit.com/thread-470678-1-1.html



GeckoMAGNETICS
WitmE - wirsER
BT R

1) WE Lx, T

l

2) EFEAF T
AR R

l

3) EEAFLH

l

4) EFEPIY

l

5) LA TTE

l

6) I

max

user selects:
1. Several Core Geometries
(either several pre-defined cores OR
user sets the ranges of core geometry parameters for
one Core Type)
2. Several Core Materials
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When modeling an power electronic system, you can think of different hierarchical layers that have to be described. 

System layer: 	- topology, modulation scheme, etc.
			- each system consists of different components.

Component Layer: - each component consists of different materials.

Material Layer: how the material behaves for a certain excitation.

The goal in this thesis was to improve the model accuracy when modeling inductive components. For that all layers have been considered.
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Evaluate Design

Results
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Total Losses

Core Losses
Winding Losses
DC Bias Current Losses
AC Conduction + Skin Effect Losses

Proximity Effect Losses
Core Temperature
winding Temperature

Total Boxed Volume
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w
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DC Bias Current Losses
AC Conduction + Skin Effect Losses
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Core Temperature
Winding Temperature
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