Gecko Three-Phase EMI Filter Optimizer

Download at http://www.gecko-simulations.com/apec2015
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Quick Introduction

The Gecko Three-Phase EMI Filter Optimizeris a Java

application build on top of GeckoCIRCUITS and GeckoMAGNETICS for finding the optimal
EMI filter design with respect to efficiency and power density within a given design space:

1) It showcases (e.g. filter optimization)
that will become available in upcoming Gecko-Simulations products;

2) Itdemonstrates how custom applications can be built on top of
GeckoCIRCUITS and GeckoMAGNETICS, to solve specific real-world
problems in power electronics.

The Gecko Three-Phase EMI Filter Optimizer allows you to define a design space for each
filter component, and then using evaluations through simulations and an optimization
algorithm, it finds the best design according to your design goal, i.e. your defined
compromise between efficiency and power density.
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Optimizer Tool for Three-Phase EMI Filters

» Can be used for any three-phase converter topology
[you must build appropriate noise models in GeckoCIRCUITS)

» Multiobjective optimization of an EMI filter for power density
(volume] and efficiency (losses]

» Always calculates set of pareto-optimal designs, and then picks
from this set based on optimization goal

» Gives LC values, attenuation distribution, and components to build
inductors and capacitors from based from a list of real components
in its database




EMI Filter Modeling
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Starting the Optimizer

1. Unzip the downloaded Optimizer package on your computer.

2. Openthe newly created directory.

3. On Windows and Linux, double-clicking StartOptimizer.jar should start the
program. IF this does not work, open a terminal (console), go to the directory and
type java -jar StartOptimizer.jar

4. If you still have problems, please consult the User’'s Manual on how to start the
program manually.

5. Within a few seconds, the main optimizer window should open.




EMI Filter Circuit Simulation Models

e First tab of window — model set up

Sample models up to 4 filter
stages are provided

Three-Phase EMI Filter Optimizer

Model Set-Up r Filter Design Parameters r Oplimization Setlings r Result visualization

Three-phase DM and CM EMI Filter Schematic:

y/

You can add your own models
from GeckoCIRCUITS

MI3ph_Optimizerimodels\DMFilter25tage.ipes|
Mi3ph_Optimizerimodels\DMFilter3Stage.ipes|
MI3ph_Optimizerimodels\DMFilterd Stage.ipes|

MI3ph_Optimizerimodels\CMFilter25tage.ipes,
MI3ph_Optimizerimodels\CMFilter3Stage.ipes|
MI3ph_Optimizerimodels\CMFilterd Stage ipes|

N

Circuit simulation models for
GeckoCIRCUITS must use the
element names shown here

Add DM model file
Add CM model file

Click “Next” to see all required

< I i Dl

4] I I DN

DM Filter Input/Output/Control | DM Filter Passives

The GeckoCIRCUITS simulation files to be used MUST use the sulmal and cumgunent names defined below:

Help - - .
elements names in simulation

CM Filter InputiQutput/Control | CM Filter Passives rAdditiona\Cnmponsnts |

Mains Voltages DM Current Sourc...

DM Signal Sources

| Clear Additional Names I Apply Names I Next-= I
|

DM Current Signals

iDm1

iDM2

iDM3

models, and also to define
additional components (see next
slide)

/

Ye mains” L e, dm E2 Uig cer | SIGNAL Y Yz,

Uy mains” uz Y1t dim 12 Ui g | SIGNALZ U,

u u3 U o 13 Ui g | SIGNAL.3 U
About ‘ | Save Seftings ‘ ‘ Load Settings ‘

/ | Start GeckoCIRCUITS || Exit ‘

v 4
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Click “Apply Names” when
finished with this screen
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EMI Filter Circuit Simulation Models

e By default, the Optimizer considers only the filtering elements (inductor and

capacitors)

e However, the user can define additional components to use in the models (e.g.

[ DM Filter Input/QutputiControl | DM Filter Passives | CM Filter Input/OutputiControl | CM Filter Passives | Additional Components |

DM Filter Single Elements

DM Filter Per Stage Elements

CM Filter Single Elements

Here you can define the names of components in your own custom filter models, if you are not using the supplied default models.

CM Filter Per Stage Elements

TR T ¥ET

LLISMa
CLISEMa
RLISMD
LLISNB

F

-

Rdamp
Cdamp

|+ oy

-

F

-

e

-

The names of “per stage” elements are automatically appended by the stage number to get a paricular name, e.g. Rdamp1.

e This is done in the last sub-tab of the Model Set-Up screen

e For more details, see the

GECKO
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Apply Names
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EMI Filter Circuit Simulation Models

e Click “ " and the simulation models will open

° simulation model: Converter modelled as current
source (all three phases, properly
phase shifted!)

CM Ls Stage 2 OM Filter Stage 2 Chl L Stage 1 DM Filter Stage 1
R.2 LDMZa LsChi1a LDM1a
R=100e-3 L=5¢-6 L=50e- L=100&-6
F.4 LDM 2 LOM1h
U1 F=100e-3 LsCh 23 L=fe- LscM1b L=100e-6 11
Uac= 327 L=1e-6 LDMzc [=50e-6 LD ¢ DM ==
£ A0 [Zfe-6 [=100e-6
41 Vi, ond 1.2
WAL WA &) DMt 2 ==
Y2 v gl
WS VAT @
43 Y nd
Ty iy @ :
v w2 bea =
A E B
i
g and oo ghd land [gnd
COM1c
C=108-6
COMAb F
. C=108-6
CM choke leakage inductances
CDM1a
are also accounted for here C=108-6
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EMI Filter Circuit Simulation Models

e CM noise simulation model: Parasitic capacitances

Chd Filter Stage 2 Chd Filter Stade 1 Chl Woltage Converter | out Pardgitics
LCM2 LDM 2/3 LCM LDM 113 Loz ¢y
[=1e-3 =t [=1e-3 L=100e-9 T e L=i50e c=200e42
. . . . ) = L ond
. n. < . n. - . O S 1=
A [L__ond
sus fons |l
4._"_(;,91 C.eq
- C=20e-12
CCM2
C=20e-
Default model is based on buck-
DM components are also taken type topology, therefore output
into account inductor is present

For more details on the CM model, please see the User’s Manual
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EMI Filter Global Parameters

e “Global Parameters” tab: Set to consider
Three-Phase EMI Filter Optimizer . . =] lEI/53/

WModel Set-Up | Filter Design Parameters rﬂpt\m\zatiun Settings rResu\stuahzatiun | / Set
directly or specify

Global Parameters r DM Inductors and Capacitors rCM Inductors a Parasitics & Additional Components |

EWI Filter Design Space:

Here st the filter design frequency, number of stages to consider, requifzd sttenuation or noise level and desired EMC standard.

Number of stages: 1E| to 4E| [ Fixed Ambient temperature:

Design Freguency
Specify: @ Design Frequency (r Converter Switching Frequency fD: 50| kHz

\

Required DM and CM
can be specified directly, or
instead calculated based on

Filter Design Goal

Specify. () Desired Attenuation @ Moise and Limits

\

DM Attenuation: dB CM Attenuation dB
DM Noise: 175 dBpY CM Noise 160, dBuv
Emissions standard |CISPR 22 Class A : Given are Quasi-Pesk worst-case values, geners v valid for < 1 MHz. For exact values,
especially for > 1 MHz, consult the relevant literture and use the “Custom” option to

sat the limits manually.

Standard Limit to 500 kHz: dBpV

Mains voltage and frequency
__— are also input variables

Standard Limit = 500 kHz: dBuv

Safety Margin, 10 dB

\

Here set the mains voltage and the converter (output) inductence. The mains voltage is used in the DM model, and 4 T inductance in the CM model

Be careful to set the converter inductance conectly depending on your converter topalogy (For sgj "es. it can be zero)

W ains Voitage ana rrequency

W .= 230.0] V (RMS)

f - 50| Hz NOTE: The SCALED value should be specified - the defsult model is based on s buck

mains topology and requires Lout divided by 2 - 5o this value should be entered here. That is,
enter the value as needed by your model, not necessarily the exact value in your
converter.

Powered by GeckoMAGHETICS (alphaversin) seuim e | Apply Parameters ‘ | Next = |

‘ About. H Save Settings || Load Setftings | Start GeckoCIRCUITS || Exit ‘
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Set maximum

CM and DM Filters

separately from the rest

CM and DMy

(== = |

First stage can be considered

Three—PWr Optimizer - . / s

Three-Phase EMI Filter Optimizer
it iy | e i

SIMULATIONS

Model Set-Up Filter Design Parameters Optimization Settings

EMI Filter Design Space:

rRasu\twsuahzatinn ‘

M Filter ign Parameters r Opﬁ\zatmn Settings

EMI Filter Design Space

DM Inductors Capacitors | CM Inductors and Capacitors r Parasitics & Additional Components

Global Parameters

Global Parameters | DM Inductors and Capacitors | CM| lors and Capacitors r Parasitics & Additional Components
Here set the DM filter design space and cansfaint, 23 Well 2 INS COMPONENE 12 U3 16 mpIerfent the DM inductors and capssilors.

Set ths carsfully based on your mains ci
hase): Cdmma: 5| uF

Maximum Total DM Capacitance (per sisplghement requirement

DM Filter Stage 1
The first filter stage is the first one from the right. i.e. the one cennected directly to the converter i
It is considered separately since it contsins the converter input capacitance, and, for boost-type |
Also, it may need to be designed separately for control stability purposes.

L 1 5 TANGE: 65 fo 450 by 55 pH []Fixed
lecm1laluvalue 2.5 pF

Fix attenuation of Stage 1 to 0 7. of the total DM filter attenuation

ies. the boost inductors.

ool

Define Ldm design space

‘ Define Cu:m design space

DM Filter Stages 2...n

Stage: EE [] Fixinductance ranges equal to that of Stage 1 [ Fix design spaces equal to tha\of Stage 1

[] Fix all ranges for Stages 2 ... n to be equal [] Fix all design spaces for Stages \... n to be equal

L a, FANGE 65 to 450 by s uwH [ Fixed

DeﬂlleLM design space\
\

Deﬂnecmdeswgn space \ ‘
\

Attenuation Distribution
Here set the how the fotsl sttenustion of the DM filter is split up smaongst its stages.

) Setall stages to have an equal attenuation

(@ Distribute attenuation unevenly between stages and vary attenuation of each stage by U.WE of the total DM filter atteration

Powered by GeckoMAGNETICS qapraverskny SESKO_ /
/!

tousete the CM inductors and capacitors.

Here set the CM filter design space andg =5 well s the

(® Maximum leakage current to earth

Thge™ 35 mA

Maximum Total CM Capacita Define:

nF

() Maximum common-mode capacitance

CM Filter Stage 1
The first filter stage is the first one from the right, i.e. the one

directly to the

Define me design space

500/ to 4500| by 1005 puH []Fixed

me range

| CMI1 is in series with Cmm ‘ Define Cz!m1 design space

[] FixC,,, tovalue: nF

p.A

CMFilter Stages 2...n

[[] Fix inductance ranges equal to that of Stage 1 x design spaces equal to that of Stage 1

Stage:
[] Fix all ranges for Stages 2 ... nto be equal [] Fix all design spaces for Stages 2 .. nto be equal
Lmarange. 500/ to 4500 by 1UUE pH [ gfd DeﬂneLmdesign space

C_ ,isin series with C
omd dm ‘ Define C__, design space

Attenuation Distribution

Here set the how the total attenuation of the GM filter ig#Blit up smongst its stages.
| () Setall stages to have an equal a

(@ Distribute attenuation unev

between stages  and vary attenuation of each stage by 0 . of the total CM filter attenuation

‘ Apply Parameters ‘

Next -

Powered by GeokoMAGHEQME g veron SESKS

Exit

Start G eck%lRCUITS

y 4
About M Save Seftings H Load Settings
J

V4 \

‘ About... H Save Settings | éadSemngs

>

Set how atténuation is distributed
between stages

ECK

Set Inductor and Capacitor Design
Spaces

/ \

Click here when finished
setting all parameters




Defining an Inductor Design Space

3 different
inductor design
approaches
(see next slide)

~

Model
simplifications
for faster
simulation

Cores and wires from the database....

/

Inductor Design for Stage 1 of Differential mode Filter

¥ ==

(o)

SIMULATIONS

Core Material Windings Core Dimensions
Wire Material: |Annea|ed Copper (N/A) |V| Available Cores:
Micrometals -14 (Micro... | v | Frie B ‘ — |
-
\iew Properties etalls
— o ‘ Multiple Selection |
View Properties [ Filling Factor: Fixed
to b
g [ ] Custom Core: ‘ View Geometry |
Constraints i . .
Wire Type: ™ Solid ) Litz -
- | } Core Type: |T0r0|d |V|
aimum volume: Available Wires: [AWG10 |~
10 L Core dimensions (mm):
Maximum temperature: Multiple Selection ‘ ‘ Details | Inner core diameter di: Fixed
150 -C [] Custom Wire: View Geometry @ 5 = mm
OQuter core diameter do: Fixed
Design Approach to b mm
Conductor diameter (bare):. Fixed g E
® Parameter Variation d: to by E mm Core thickness t Fixed
() Eneray Based Isolation thickness: e to by — mm
(2} Hybrid s: to by El mm
[ As % of d Stacked cores: 3| to 4| [ ]Fixed
Model Simplifications .
F=
[ ] Ignore Proximity Losses - Thermal Model
otless than: mm ) -
R Core Orientation: VERTICAL |
[ lgnore Leakage Effects Sides NOT exposed to air:
[JFRONT []BACK []TOP [ |BOTTOM
[JLEFT [ ]RIGHT
OK | | Cancel

N

...or custom-
defined by the
user, with each
dimension
variable in a

/range

Thermal model
considers
natural
convection only




Defining an Inductor Design Space

e Toroid and EE cores (latter for DM inductors only)
e Round solid and litz wires
° for inductors:
- Parameter Variation: tries all values of design parameters in user defined ranges
- : uses the core geometry coefficient and area product when
selecting which core to use for the inductor design (quickly rejects cores which
are too small, but does not necessarily explore the entire design space)
- : combines the two approaches above (searches with a subset of the user-
defined ranges arrived at through the use of the energy-based approach]) -

combines quick rejection of very unsuitable designs with a more detailed search
of the design space
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Defining a Capacitor Design Space

Can select individual capacitors from

e

Capacitor Design for Stage 1 of Differential mode Filter

) Select individual capacitor(s)
Available Capacitors

Details

® Select capacitor series
Available Capacitor Series

|}(2 R46 |V|

‘ Multiple Selection |

‘ Multiple Selection ‘

I

Help

[] Custom capacitor:

Volume model:

Loss model:

ESR Characteristic: tan(@) =

Lekage Current Characteristic:

Rated voltage:

) Multiple capacitors of rated voltage:

@ Single capacitor of voltage with closest multiple of D:I

Rated capacitance:

) Multiple capacitors of capacitance: uF

®) Single capacitor of capacitance with closest multiple of I:D WF

~___—_ the database....
[ =

...or can select
capacitor series
from the
database, where
each series
contains
capacitors of
various
capacitance
values

Alternatively, a

custom
capacitor

model can be

defined




Parasitics and Additional Components

Three-Phase EMI Filter Optimizer - =

A K

w E—

[=]E3] =

Model SetUp | Filter Design Parameters r Optimization Settin

as rResuItwsuallzatlon |

EMI Filter Design Space:

[ Global Parameters | DM 5 and C s cM sand C

Here set the values of the default paresitic cepacitances and any cther compenents you have defined in your filter models.

s | Parasitics & Additional Components

«

Parasitig Capacitances

150| pF

Lumped Etray capacitance Ceq = Lumped siray capacitance CE =

300 pF

In the
=

, represents the capacitances fiom the negative snd positive power rails (busbars) and the oad to earth.

Additional Components
For per-stage components, the defined range is the same for each stage.

feme 1] [0 0 [ 508 »
CEm— R
~) 1ol to [ s0f by

=1

by

DM Filter Single Components:

DM Filter Per Stage Components:

CM Filter Single Components:

10

CM Filter Per Stage Components:

Additional components are not designed by the optimizer, and their losses and volume are not computed individually. However, below you can set an

Fixed

[ Fixed

[] Fixed

[] Fixed

—
SPRIGKIMate PETCENtagE to INCTease e total volUmE &nd 163583 by, In GIOET 10 1ougHly SCCOUNT for the SHect of these sddifional components.

Increase total filter volume by 155 % and the total filter losses by QUE % to account for additional components’ impact

PCB and Interconnections

Increase total filter volume by 125 % to account for the velume added by the PCB and the interconnections

Powered by GeckoMAGHETICS (alpraverskn) G-Eq-!f?;.,. | Apply Parameters | ‘

Mext -=

| About.. || Save Settings |‘ Load Settings | Stant GeckoCIRCUITS H

Exit |

GECK

Specify value of parasitic capacitances
for CM noise model

Specify value
ranges of user-
defined
additional
components, if
any

Approximately account for volume of
PCB and interconnections

SIMULATIONS



Optimization Settings

Three-Phase EMI Filter Cptimizer

@ - e———

==

)

r Model Set-Up rFiHer Design Parameters r Optimization

Simulation and Optimization Criterion Settings:

Settings Resultvisualization ‘

Diffe Mode Filter Si
Time step dt: 100E-9| s

Periods to simulate: EE

DM Currentfiles:

[] Embedded in model files

Common Mode Filter Simulations
Time step dt. 100E-9) s
Periods to simulate 25

CM Voltage file [[] Embedded in model files

Hard constraints:

Maximum allowed volume:

50(L

Phase 1: /models/DMcurrenti.dat Change.. imodelsiChvoltage.dat
Phase 2= /models/DMcurrent2.dat
Phase 3. /models/DMcurrent3.dat
Network port 43057 Network port: 43056
(Optimization Goals
Optimization type ) Exhaustive @ Genetic algorithm Configure...
Optimize for:  Power Density (Volume) ¢ ) Efficiency (Losses)
0.0 0.25 0.5 0.75 1.0

Converter Output Power: 10| kW

Converter Switching Frequency: 50| kHz

500{ W

[¥] Maximum allowed losses:

Qutput file: |fC.fgecko-gib‘Erv1l3ph70ptirnizer.ibui\dic\assesfu utput bt

rejected

For the simulation files, if the noise

Here, set the simulaticn time step end the number of mains pericds to simulate. Mske sure the si
{number of perieds). You can also choose whether to optimize for maximum efficiency (minimum losses) by setting the slider to 1, maximum power density (minimum
volume) by setting the slider to 0. or some compromise in between {the slider position signifying whether you favour efficiency or pawer density mare). You can also
specify hard limits, i.e. maximum averall filter losses and minimum ovesal filter volume. If you set these constraints, any designs which fail to meet them will be

are not

| ‘ Change. Apply Settings | | Start Optimization

by the:
DM model, there must be three phase shifted waveforms, one for each phase. You must also specify the output file where the optimization results will be saved.

files, you must specify the files from which they are loaded. For the

"Start Optimization® will commence the full search for the optimum efficiency converter in the specified design space.

NOTE: If you are having trouble starting GeckoCIRCUITS, change the network ports above until a8 connection to GeckoCIRCUITS can be estsblished. Make sure you

| About...

H Save Settings || Load Settings

Stant GeckoCIRCUITS | | Exit

Simulation length and time-step

Files with noise waveforms (DM
/ current and CM voltage)

Choice between two optimization
" algorithms [see Manual for details)

Select optimization goal:

0 - max. power density

1 - max. efficiency

0.5 - half-way compromise
(values from 0 - 1 are possible in
increments of 0.01)

This button starts the optimization
process

GECK
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Optimization Progress

Output Window

Optimizer Progress:

Starting EMI Filter Optimization

Start (system time): 1418143443795
[Tue Dec 09 17:44:03 CET 2014

Now optimizing 2-stage filter.

Generating design combinations from filter design space...done
Configuring GeckoCIRCUITS models

[There are 72 possible combinations of component values
Evaluating componentvalue combination 1/72

Finding capacitorimplementations. done

Simulating CM model in GeckoCIRCUITS.. done

Finding optimumum CM inductor implementations...

There are 24 possible combinations of design parameters for the CM inductor of stage 1
Targetinductance: LCM 1 =0.0010643978061003968 H

Bimulating DM model to extract waveform for winding losses...

ow evaluating inductor(s) 3i24.

calculating losses.. evaluating results...done

Output Window opens

Shows progress...

Optimizer Progress:

Winding temperature: 75.13093738309728 C
Core Temperature: 75.11204745611141 C
Inductor Orientation: VERTICAL

Convection: MATURAL

[Total Boxed Volume: 1.3160885239418376E-4 m*3

CCM2

Capacitor: 1x EPCOS B3202243153
Capacitance: 1.5E-8 F

Capacitor Losses: 7.930311336409095E-8 W
Capacitor Volume: 1.188E-68 m"3

end Configuration

End (system time). 1418205642852
Wed Dec 10 11:00:42 CET 2014
Optimization finished.

Execution time: 62199057 ms (17 277515833333332 hrs)

[=o@| = |
Shows message when
— finished




Results: EMI Filter Designs Pareto Front

Model Set-Up Filter Design Parameters Optimization Settings

Optimization Results:

Hint: Right-click or leftclick and drag on the graphs to zoom

Best EMI Filter(s) | Filter Design Space Pareto Front ‘

Resultvisualization

Can select how to display the plot

Generate PDESop® |.

Plot: ) Efficiency vs. Power Density (® Losses vs. Volume

Losses vs. Volume

Hint: Double-click to see the detsils of & design

/

Move mouse over any point to
see summary of design,
double-click to open a window
showing detailed results

0.72

<
0.715 \ D

0.71

0.705
0.7
0.695
0.69
0.685
0.68
0.675
0.67
0.665

Volume [dm’]

0.66
0.655
0.65
0.645
0.64
0.635
0.63
0.625
0.62

19.75 20 20.25 20.5

20.75
Losses [W]

21 21.25 21.5

-=- Best 2-stage filter design -#- Pareto-optimal designs for 2-stage filters |

Best filter design with respect to the
selected design goal is highlighted

The pareto front data can be saved to a file

/

| Save filter pareto-set data to file... |

| About H Save Seftings H Load Settings

‘ Start GeckoCIRCUITS ||

Exit

GECKO

)
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Results: Best EMI Filter Designs

Best design (based on optimization

: _. goal) for each number of stages is
|| Three-Phase EMIFil

given here

Wodel Set-Up Filter Design Parameters Oplimization Settings Resultvisualization

Optimization Results

Can the optimization results as a
M

Best EMI Filter(s) | Filter Desian Space Pareto Front_|

Choose filte |2$lm_]e5-L0552520.M2W;Vdume:0.M8L LOSS breakdown by stage and
- Tosses by Filter Stage component
12.5
10
5 7.641
s 75
51 5.842
25
0
1 2 Volume breakdown by stage and
LD T component
[= cm capacitors m cm s DM Capacitors © DM s
Vomes

- ccmt:
— (1.188E-6, 0.245%)
™~ LCM1:
__ |t6.355€5, 13.108%)
.
3| cDM1:
(1.465E-5, 3.022%) |

i LDM1: N
(1.465E-4, 30.221%) I

< ccmz:
(1.188E-6, 0.245%) U
View Details I /

| About.. || Save Settings |‘ Load Settings | Start GeckoCIRCUITS || Exit |

GECKO

SIMUI.ATIONS'_’

LDM2: -
(8.868E-5, 18.293%) —
CDM2:
(3.742E.5, 7.719%)

LCm2: o
(1.316E-4, 27.147%)

Click this button to view details of the
filter design stage-by-stage




Detailed EMI Filter Results

Detailed results for each filter stage

EMI Filter Design By Stage

[ CMStage1 | DM Stage1 | CM Stage 2 | DM Stage 2 | —

Details for the capacitor and

Capactir: 2 x EPCOS B32924C3475M é |nductor des|gn for thls Stage
Capacitance: C=9.4pF = . )
Rated Voltage: Ve = 305 V (components used, dimensions,
Losses: ceewo exact losses and volumes)

Volume: 37.422 cm~3

COEaE T FINET STAGE Loss breakdown for this stage

Pareto front of the design space for

0.007 0.064 this stage’s inductor, showing
Winding Losses Core Losses Capacitor Losses ; hlgr_‘llghted the_ SeleCted IndUCtor
Component design (according to the set
| W DC+AC Conduction (Skin Effect) © Proximity ™ Core M Capacitors optimization goal]
Show: ) Efficiency vs. Power Density ® Losses vs. Volume f
Lossesys Volume \ Double-click on a point to see the
4 02 ¢ : details of the inductor design
0.15 I I
0.1 \
0.05 \‘\._ .—
0 — —*2 i
025 05 0.75 1 125 15 175 2 225 25 275 3 | Inductor pareto front data can be
Losses W] .
saved to afile

-= Best inductor design -*- Pareto-optimal filter designs |

Hint: Double-click to see the details of a design Save inductor pareto-set data to file...
h

SIMULATIONS 1 =

(gh——.-’" A
|



Detailed Inductor Results

~_ Detailed results for each inductor in

-

Inductor Design Details

Losses Design

Lvs.|

Flux Density Waveform (B)

0.15

0.10

0.05

0.00

Sl damsy (T}

<0.05

-0.10

S e e -
Waveforms

the pareto front

Losses for one inductor

0.0600 0.0625

Voltage Waveform (V)

=20

0.0650

00675 0.0700

Time (s)

0.0800 0.0625

Current Waveform (1)

-20

0.0650

0.0675 0.0700

Tirme (s)

0.0725 0.0750 0.0775

/

0.0600 0.0825

0.0650

0.0675

0.0700 0.07; 0.0750 0.0775
Time ()

0.0725 0.0750 0.0775 |‘| /

Detailed design description

<« L vs. | characteristic

Inductor waveforms
/ can be saved to file

Inductor design can be

Save Inductor Waveforms || | Save Inductor Design

saved for loading into
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