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Typical Flux Waveforms in Power Electronics

Sinusoidal

DC Current +
HF Ripple

Non-Sinusoidal AC

Current /_\_/
Sinusoidal Current
+ HF Ripple

Major Loop
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Steinmetz & Loss Map Approach

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

Loss Map
(Loss Material Database)
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Loss Map

Typical flux waveform Content of Loss Map

Relaxation B-H-Relation
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Idea

Losses due to Minor and Major
Loops are calculated independent
of each other and summed up.

Major Loop

Implementation Actually, it is not considered how

. the minor loop closes: each
B; Slhjor piecewise linear segment is
OP [ modeled as having half the losses
W_@ . of its corresponding closed loop

(cf. next slides).

Segment (+ Turning Point)

P _0OPO P [
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Hybrid Loss Modeling (2)
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Evaluated for the according corner point
in a piecewise-linear flux waveform.

Evaluated for the according

Loss Map piecewise-linear flux segment
Relaxation B-H-Relation \ Y } \ ' ,
. — 17 |dB[" "
o > — B-a
r > =— (k| —| (AB)P“dt+S O,P
— R [k (28] > OuF,
LF HF

Three loss map
operating points
are required in
order to extract
the parameters

a, B, and k (or ki).

l
1

These equations arise when one evaluates the
i2GSE for symmetric triangular waveforms. G E c KO
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GeckoMAGNETICS

SCOPE.1
Data Graphs Analysis

simulation

saz

- GeckoMAGNETICS ==
File Help
[mauctor pesign Open Database GECKO
Start | Core | Winding | Waveform | Caoling | Results N "
Inductor in Detail
Design Results
Losses By Winding | Waveforms [ Lwvs. Current | Inductor design
PV-Plot
925
@
Results B
85 . .
Inductance. 2527 mH 5
.
Total Losses 72003 W t
775 .
Gore Losses 28258 W 75 . ° -+ 6.9618 Wm
LI -+ + '
Winding Losses 44646 W =728 . . . -+ + 6.6139 Wim
. [ ++
DG Bias Gurrent Losses 0.000 W " . * -+ 6.2659 Wim
675 b, e, : . . . . e 5.9179 Wim
AC Conduction + Skin Effect Losses 36.971 W 65 L I . ° . . 34 5.5698 Wim
-+ +
Proximity Effect Losses 7675 W 625 ' - &° . ° . o L4+ 5.2218 W/m
60 H ) . . of hb R 4.8738 W/m
Core Temperature 119522 °C 5 o 4+ 4,5258 Wim
4+
Winding Temperature. 116317 °C & e 4.1778 Wim
0075 01 0125 015 075 02 0225 025 0275 03 0325 0.3 -+ 38298 wWim
Total Boxed Volume 74326 cm® S 3.4818 Wim
Vidm?] -+ +
L+ + 3.1338 W/m
Min Volume: 1_e Others: 8 + Min Losses: 1] s+
4+
2.0898 W/m
1.7418 Wim
1.3938 Wim
1.0458 W/m
0.6978 Wim
0.3498 Wim
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Database

: GeckoDB

File About

f Magnetic (Core) Materials | Conductor Materials | Core Shapes | Core Dimensions | Winding Shapes | Winding Dimensions |
3C81+ (Ferraxcube) :

3C94+ (Ferroxcube) Magnetic Component Core Material:
3E27+ (Ferroxcube) 1
3F3+ (Ferroxcube) | EE N27+

M165-355 (grain-oriented steel)+ (-)

Micrometals -14 (Micrometals) Manufacturer: =PCos
Micrometals -18 (Micrometals) o ) N

Micrometals -26 (Micrometals) Initial relative permeability: M= 2000.0
::2:22::::2 gi Em:i:gz:::::; : Maximum (saturation) flux density: B .= 04T
Micrometals -40 (Micrometals) Type Ferrite
Micrometals -52 (Micrometals) i

NZ7+ (EPCOS) il Lamination factor 1.0

N30+ (EPCOS) :
NB7+ (EPCOS) |
T35+ (EPCOS) i

test (test) |

Other parameters |

Datasheet |
| Initial B-H Characteristics ‘ ‘ Loss Database ‘
| Dynamic B-H Characteristics | ‘ Relaxation Parameters ‘
| p-H Characteristics ‘ ‘ Steinmetz Parameters ‘
| Modify | | MNew | | Delete |

| Discard Changes || Save Changes |
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Core Tab

GeckoMAGNETICS
File Help

5?”““05’0

- ¥

|Inductor Design |v| | Open Database |

[ start | Core | Winding | Waveform | Cooling | Results |

[P oxs0.03mm
[P oxs0.04mm
[y Poxso0.06mm
yPoxso.1mm

D oxs ozmm]
[y Poxso0.45mm

o~ 3 PM 3 air gaps

o~ 3 PM 1 air gap

o= 3 Cylinder + Round Bloc

o 3 UU multiple air gaps

o ] EE multiple air gaps

o [ UU 6 air gaps

:— =2 :=1|i|r aan

| »

Core Specifications

Height of one Half (h): 2.7 mm

Firxed
hw

B =

Diameter(Width/Length) (d): 9.2/ mm

=

Inner Width{Diametar) (wi): 7.5 mm

=

Quter Mid-leg Diameter (dm): 3.9 mm

[ ]

]

7 Core Material Inner Mid-leg Diameter (di): 2 mm

¢ [ Ferrite
¢ [J Ferroxcube :
[ zee1+ Air Gap Size (gap): 0.2 mm
[ acoa+ :
[ 3E27+
[ 3ra+
o~ JEPCOS
o [ Steel
o [J Iron Powder
o ] powder care

=

Length (I): 2.1 mm

E =

Window Height (hw): 1.8 mm

Number of stacked cores / sheeats:
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Winding Tab

File Help

GECK

|\nductorDesigr‘| |v| | Open Database | SIMULATIONS

[“start | core [ Winding | Waveform | Cooling | Results |
3 Winding Type B =}
D Foilg s ;| Bobbin Parameters Fixed | |: @ E] @
Litz Round 5
B Solid Rectangular Bobbin Gap (wh): 1.015| mm
O Eobbin Height (hb): 33.3 mm
Winding Parameters Fixed
R Mr. of Turns L20
1 Winding Material
[ algs-culs Conductor Diameter (d): | 1.4| mm
[ aluminium Isolation Thickness (s): |__ 0.01] mm
[ annealed Copper 2
D_ g Wire Spacing (yd): 0| mm
[y copper (pure) T
[y silver winding Figure winding Pattern
S ) square
—l—
1 Predefined Windings O ® hexagonal
@l_ yd ® continuous
2 distributed
) concentrated
.
d O top
® bottom —
[ enlit windina ~|
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Waveform: Link to GeckoCIRCUITS

File Help

|Inductor Design |v| | Open Database ‘

rStar‘t rCOFE! I’Wlndlng Waveform | Cooling rResuIts

APEC 2014

gecko

=

Waveform Specifications

Flux Waveform: |From GeckoCIRCUITS |v

| Info || Options |

al & ¢/l

Start GeckoCIRCUITS

Maximum Expected Current:
Inductor Label in GeckaCIRCUITS: LLL2iL3
Inductor Voltage Name in GeckoCIRCUITS:
Inductor Current Name in GeckoCIRCUITS:

Send Inductance to GeckoCIRCUITS

Simulation Step Width [dt]: 1E-7| s
Simulation Time [t_SIM]:

Fundamental Waveform Frequency:

| Start Simulation

Current Waveform Shape:

|S|nuso|da\ with Piecewise-linear HF Ripple |v|

Maximum Occurring Frequency SE4| Hz

| Load Voltage/Current From GeckoCIRCUITS

| Close GeckoCIRCUITS | | Disconnect from GeckoCIRCUITS

Bit) [T]

/home/jonasm/gecko/release/test/GeckoMAGNETICS_example/3phPFC_optimalclamping.ipes - GeckoCIRCUITS

File Edit Simulation View Tools Help Ready 11408 Used 4541 Total {430
{217 sourcessink
B Math
[T [Reluctance
Subcircutt
a2 Circutt | Motor & EMI
GATE3>> e s
: Voltage Source UV]
£ 4 cr Current Source I[A]
ul ey AT, o} 4y, Resistor R [ohm]
=50 vava
phase= -90 Eonin e Capacitor C [F]
uz e [ P Inductor L [H]
3¢ = 325 =
= L2 uc(0)= 325 Vo4 Inductor Coupling Lc [H]
phase= 30 L=nonlin T R2
et | Wi=400 Magnetic Coupling k
L3 C=Ze o Ideal Switch
US s L=nonlin uc(0)= 3251
Fonn 150 [voc- 16T
ase=
° vava MoSFET
5.4
GATE:2 > vERoC- SiviRos s Diode
Thyristor

55
GATE.4 >

0=191.603

in.q, 0= 191683 o Lt g L
P S < £ o =]

Bipolar Transistor

ire.s > Operational Ampifier

Ideal Transformer
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| _n-—-m
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GeckoMAGNETICS
Cooling Tab

File Help

|InductorDesign |v| | Open Database |

[‘start [ core | winding | Waveform | Cooling | Results |

APEC 2014

Cooling Concept

Ambient temperature: 25 °C

Orientation (Gravity Direction) Side Definition

Top-Down |v|

Air Flow

Direction: Front-Back
Speed: 3 s

Convection Sides

[v] front
back
left
right
[¥ltop
bottom

[eE

Air Flow
hw

¥ ®
Y

Air Flow

Gravity

Gravity
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Results Tab (1)

Eile Help

|Induct0rDesign |v| | Open Database | %Eucml'ﬁg .

[‘start | Core | Winding | Waveform | Cooling [ Results |

Modeling Results
Chart Type |Bar Graph = Sort By =
Evaluate Design Losses by Component
o
25,185
25
23,397
Results 2
Inductance 2,814 mH El 7.57
Total Losses 48,582 W Ll
o 1=
Core Losses 25,185 W e
(=]
Winding Losses 23.397 W 125
DC Bias Current Losses 0.000 W 10
AC Conduction + Skin Effect Losses 15.827 W 2E 15.827
Proximity Effect Losses 7.570 W
5
Core Temperature 78,429 °C
AN
winding Temperature 64,545 °C
4]
Total Boxed Volume 323.835 cm? Winding Losses Core Losses
W DC Bias = AC Conduction (incl. Skin) ~ Proximity m Core|
| [Examine Design in Detail |
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Results Tab (2)

Inductor in Detail

Losses By Winding | Waveforms | Lwvs. Current

Inductor design

4.96386 Wim
47155 Wim

Inductor in Detail

Losses By Winding | Waveforms | Lws. Current | Inductor design

APEC 2014

L[mH]

ILvs Current

A1
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Desigh Mode

Eile Help

|Inductor Design |v| | Open Database | GECK

r Start |/ Core rWinding |/ Waveform rCooIing rResuIts Cﬂltu lation ﬁniShEd

Design Results
44 possible combinations of input parameters
Axes |Volume(X) vs. Losses(Y) |v|
: : : 1 inductors discarded by temperature.
Find Optimum Design 32 inductors discarded by inductivity.
3 11 inductors found.
2.5 |
............................................................................................................................................................................................................................................ 5,35
..... S i
HESURS 2l (o] Details
i L
Inductance 622.373 pH |
_: 1.75 i
Total Losses 2111 W ; .
o g 1.5 H
Core Losses 0.024 W o
1.25
Winding Losses 2.087 W
DC Bias Current Losses 2.034 W 1 *
AC Conduction + Skin Effect Losses 0.002 W . 0.75 *
Proximity Effect Losses 0.052 W | ¢
H 0.5 ..
Core Temperature 27.295 °C i °
i 0.25 !
Winding Temperature 50,491 °C L
B 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 01 011
Total Boxed Volume 19.794 cm=® [dm?3]
. |l MinVolume: 1 @ Others: 9 4 Min Losses: 1|
Save Selected Inducton | | Examine Design in Detail
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THANK YOU !!!

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
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