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Quick Introduction

The Gecko PES Swiss Rectifer Optimizeris a Java application
build on top of GeckoCIRCUITS and GeckoMAGNETICS for finding the highest efficiency
Swiss Rectifier Design within a given design space:

1) It showcases (e.g. converter optimization) o g ;_ﬁ%
that will become available in upcoming Gecko-Simulations products;| . %% f;; |
Y2 L :[!E&Ej's:’,’? = DR..

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

This is shown on the example of the Swiss Rectifier, a three-phase PFC rectifier topology
developed at the Power Electronics Systems Laboratory at ETH Zurich:

The Gecko PES Swiss Rectifier Optimizer allows you to define a design space for each
converter component, and then using evaluations through simulations and an optimization
algorithm, it finds the maximum efficiency converter design.
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IMPORTANT!

This presentation gives a Quick Introduction to using the Swiss Rectifier Optimizer. No
detailed manual is supplied, since after this introduction using the program should be
relative straight-forward and self-explanatory.

Also, “Help” buttons are available at almost every stage of the program’s interface, which
give a more detailed explanation of the available options.

BEFORE STARTING THE PROGRAM, please read the file README_FIRST.txt, supplied with
the application and in the same directory as this presentation.

Feel free to send questions and comments to andrija.stuparfdgecko-simulations.com
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Specifying the GeckoCIRCUITS Simulation Model

I » The Optimizer uses a model of the Swiss
Rectifer in GeckoCIRCUITS to extract
-, electrical and thermal waveforms
y Y W ¥ = L | £

Ol YU TS » In the first tab (Model Set-Up]), the names

Model Set-Up Converter Design Parameters Optimization Settings Result visualization

wl ok AT AL R of the various and
Sy o must be defined
' I ' Velm! &by
1% | pa Do D . ;
e i S R S S . P The default names work with the default
supplied model - if using it, no change to
| C:\Wsers\anstupar\Desktop'Optimizers for APEC\Swiss Rectifier Optimizerimadel | Change model file ‘ | Help ‘ th e i n p ut fi e ld i n th iS ta b a re n e Cessa ry
Component and Signal Names: |
! Inpumutpw{:oi::‘ r Input FHCtZFrH rRectmer Diodes rCurrent\mectlon Switches r HF Semiconductors ‘ > C ll C k to 0 p e n t h e m 0 d e l
\nplll\z':llagea — Dulp:ﬂt?iid_m Uulz)::‘\jdum Uulp::l:‘apam :T:m:owwi;m m-«ww ﬂm‘ edkoCRETS ===

,_
Vinz Uz et m Cout |J Current 1_Cout
U.3| T

Voltage: V_out| Current: _Lout Thermal

Ambient
Voltage: V_Lout moien
Control Blocks Temperature: Temp.1

Duty: P_out| Sw. freq: SIGNAL.5

‘ Revert to Default ‘ | Apply Names | ‘ MNext = ‘

|
I ‘ Start GeckoCIRCUITS | Exit |

—)
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Specifying the Design Space

Gecko Swiss Rectifier Optimizel

Converter Design Space:

BHi=oe] =
Model Set-Up Converter Design Parameters rOptim\zatinn Seftings rResultvisuahzatinn |

Global Parameters r Semiconductors r Heat Sinks ’/Dulpulcapacwlur r Output Inductors r EMI Filter |

Here set the con.

werter input and output voltage, it's 100% load level, and the switching frequency (range).

Input Voltage: 230.0| V(RMS)
Output Voltage: 400.0|VDC
Qutput Load: 7.5 KW

Switching Frequency: [ ] Fixed

[ 1] o] 28 oy [ s wz

Input Capacitor (CF)VnItage Ripple: 2. p-p % of Peak Input Voltage

Input Capacitor [CF) Reactive Power Q= TE % of Output Power

| Apply Parameters || MNext -= |

| Start GeckoCIRCUITS H

Ezxit ‘

» In the next tab (Converter Design
Parameters), you are then
guided, step-by-step, to define
the design space of the converter

» Some parameters are fixed for
each optimization (e.g.
etc.)

» Most parameters (e.g.

) are variable, and you
can specify a , the

for that range (e.qg.
frequencies from 18 to 50 kHz in
increments of 2 kHz), or

those parameters to one value




Specifying the Design Space - Semiconductors

B8 (= [ B [ |

Gecko Swiss Rectifier Optimizer

Model Set-Up ﬁ'CunverIerDeswgn Parameters r Optimization Settings rResultwsuahzatmn |

Global Parameters Semiconductors r Heat Sinks antpntCapamtor r Output Inductors r EMI Filter |

Here set the semiconductor devices to use, how many to parallel for each dicde/switch, and the desired thermal

Converter Design Space:

resistance of the hest sink for each class of semicenductor device.

Rectifier Diode Selection

Device I DSEI30-124 - |
View Properties

Number in parallel:

WE to SE [] Fixed
Heat sink F\'m 2.5 Kiw

Freewheeling Diode Selection

Device 20201200 -
View Properties

Number in parallel:

1E| to SE| [ Fixed
Heat sink R, 1.9] KW

Current Injection Switch Selection

Device IHW40T120
View Properties
Number in parallel:

WE to SE [] Fixed
Heat sink R’m: 2.5 KW

High Frequency Switch Selection

Device IKW40T120
View Properties
Number in parallsl:

15 to 5E| [ Fixed

Heatsink R, 1.9] KW

| Apply Parameters || Next == ‘

| Start GeckoCIRCUITS H Exit

» You can select from
, for
of semiconductor device
in the rectifier

» The variable parameter is the
to
implement each switch or diode
(increment is by 1)

» You must specify a

of the heat sink for each
device. Note: this is the thermal
resistance of the “piece of heat
sink” under each particular device,
i.e. if there are 5 switches in
parallel, it is the thermal resistance
under each of the five switches (so
the total underneath all 5 is the
single resistance divided by 5)

aE s



Specifying the Design Space - Semiconductors

Gecko Swiss Rectifier Optimizer

S [ B et |

[ Model SetUp [ Converter Design Parameters | Optimization Settings | Resultvisualization |

Converter Design Space:

Device

[ Global Parameters |  Semiconductors | Heat Sinks | Output Capacitor | Output inductors |  EMIFilter |

Here set the semiconductor devices te use, how many to parallel for each

resistance of the hest sink for each class of semiconductor device.

Rectifier Diode Selection

DSEIZ0-12A hd

View Properties

1€} Semiconductor Device Properties.

it

Available Diodes:

(C2D20120D Ron: 0.04 ohms

DSEI30-12A T 14 v
Rth,jc: 0.9 KW
Volume: 314E-6 m*2
Loss File:
otimizermodeNDSEI30-12A.s¢l

Remove Selected ‘

| Add New Device |

dicdelswitch, and the desired thermal

Current Injection Switch Selection

Device: IHW40T120
View Properties

Number in parallel

1. to EE [ Fixed
Heat sink R, : 2.5] kiw

High-Frequency Switch Selection

Device: IKW40T120
View Properties

Number in parallel:

‘IE to SE [] Fixed
Heatsmkﬁ’m: 1.9) Knw

| Apply Parameters H Next =

| Start GeckoCIRCUITS H Exit

» You must give a reasonable thermal
resistance value, otherwise
temperatures (and losses) will be
unrealistically high or
unrealistically low

» By clicking on "View Properties”,
the detailed properties of the
selected semiconductor are shown -
here you can examine all the
devices available by default and
compare their basic properties, and
add new devices of your own

» NOTE: newly added devices are not
saved to disk (when you close the
program, they disappear)

» Each device MUST have a
GeckoCIRCUITS loss file (.scl)

o



Specifying the Design Space - Heat Sinks

Gecko Swiss Rectifier Optimizer ENEEN)
[ Modal Set-Up | GometerDesign Parsmeters | optmizaton Setings | Resuttuisualization | » For the heat sink, a cooling System
oo Beion Space. performance index (CSPI) and a
[ Global Parameters | Semiconductors |  Heat Sinks | Output Capacitor | Output Inductors | EMIFilter | VOlumetrIC heat ca paCIty Of the
Heat Snk Periormance: Amblent Temperature: \ material must be specified
o > The 5Pl is used to calculate the
e e e ' H::f:j:t:::a‘l:nalVl.)lnmetncHeﬂlcapﬂclwi heat Sink VOlume using the
cor [ 71 c; [zadueo | | specified from
- _ _ — ! the previous tab - therefore, a
o L oot e et et e ) B . different (separate) heat sink is
' assumed for each class of
semiconductors
| P The volumetric heat capacity is then
\ used with this calculated volume to
| calculate of
the heat sink (which goes into the
| simulation model)
|
I | » Fans are not considered [i.e. their
' . losses), the effect of the fan is
assumed accounted for by the CSPI
| | Apply Parameters H Mext == | |
| Start GeckoCIRCUITS || Exit |

.



Specifying the Design Space - Output Capacitor

~
Gecko Swiss Rectifier Optimizer i @Eﬂ
———

(Mudel Set-Up IT'CuﬂverterDesigﬂ Parameters Optimization Settings rResquisuaIizaliuﬂ |

Converter Design Space:

fGIobaI Parameters rSem\condnclors r Heat Sinks rOHmulCapac'rlor rOqunIInductors r EMI Filter |

The output capacitor velue is calculated based on the output voltage ripple requirements.

For calculating losses, specify the parsmeters below. If there is no l=skage cumrent, set the coefficients o zero

Maximum Output Voltage Ripple: Capacitor Losses:
ESR Characteristic:
vwwp = 300| mv tan(d) = 0.24]

Lekage Current Characteristic:
'rfeak WA)=a~ Couf[uF}x vm.rf cl

a= 0.02
b= 25

Capacitor Volume:

I Capacitance pervolume = | 2.338| Fim™ I

To derive the above value, tske the capacitor compenent you plan to use for the converter,

and divide its capacitance by its total volume.

‘ Apply Parameters || Next = |

‘ Start GeckoCIRCUITS H Ezit

» Here a very important parameter is
specified - maximum output voltage
ripple

» Furthermore a tan-delta factor can
be specified for conduction losses,
and a simple (not really universal)
model for leakage current losses is
also specifiable

» A volumetric constant must be
supplied in order to calculate the
volume once the capacitanceis
calculated

» Capacitance is calculated from the
voltage and current ripple
specification




Specifying the Design Space - Output Inductors

Gecko Swiss Rectifier Optimizer

e

Converter Design Space:

Model Set-Up Converter Design Parameters rUptimization Settings rResuIt\fisuaI\zation |

[ Global Parameters |  Semiconductors

Heat Sinks | Output Capacitor | Output Inductors [ EMI Filter

Core Material

|67 EPcos) |~

View Properties

‘Core Dimensions
Available Cores:

Current Ripple and Volume

Grroyorrs 025 to 0.35| by nnsErwc [ Fixed
Maximum volume: 10] L

Tre Induciznee L s cakuizies

Er 7. For eschvaue of L
M2 OURpUL CIPICRINCE 15 CACUIET S0 TSt M2 M NI UM VORIZE Mppie requinem ent ks mi

Windings

Wire Material: |Annealed Copper (NiA) ﬂ
Multiple

Selection

[ w0 [ 13 o [0 mm

ELPE4 [~] ‘ Details | iow Propertes
[] Custom Core: Wiew Geometry
Filling Factor: ¥| Fixed
Core dimensions (mm): o 9
Caore width w: Fixed to by
to by E mm Type:
Centre-leg width wm: Fixed @ Solid Wire ) Litz Wire
to by mm
- B
Core height h Fixed
‘ Multiple Selection | | Details ‘
to by mm
Window height hw: Fixed [v] Custom Wire: View Geometry
to by El mm Conductor diameter; Total dismeter:
Core depth | Fixed d: 26| mm d: mm
to by B mm Isolation thickness: Strand diameter:
Air gap g° [] Fixed 51| 0.0444] mm di: mm
Number of strands:

n:

Stacked cores: 3 to 4 []Fixed

| View/Set Thermal Properties |

Powered by GeckoMAGNETICS (apnaversin) SRSKQ
| Apply Parameters ‘ | Next -= |
| Start GeckoCIRCUITS | | Exit |

GECKO

» The most different parameters to
set are for the output inductor design

» Here you can select a core material -
several are offered - this choice is a
fixed parameter

» The main parameter for inductor
design is the current ripple - this
can be specified as a range, and in
turn determines the required
inductance L

» A maximum allowed volume must
also be specified

SIMULATIONS "~




Specifying the Design Space - Output Inductors

Gecko Swiss Rectifier Optimizer l = | =] g‘

Model Set-Up | Converter Design Parameters r Optimization Settings rResuII visualization | > C 0 res . 0 n ly E E - C 0 res With
Gomveter Desion Space three air gaps are available

Global Parameters r Semiconductors r Heat Sinks rOntpuI Capacitor r Output Inductors | EMIFilter

Core Material Current Ripple and Volume » You can select a predefined core from
o7 EPoD [7] || s 0280 10 38 br fotef o Dires the drop-down list, or define a custom
| o Emm o core by defining a value range for
e e each core dimension parameter
Core Dimensions Windings

‘A\rai\abIeCores: | || — ||T Wire Material: |Annea\edcopper[NM} |'| > BeSIdES Settlng ranges for a Custom
= EE-Core geometry, you can also do a

Il Custom Core: Wiew Geomet . . .
CO,ea.memmmm,:| - L Fiting Factor 3 Fiees multiple selection of predefined
Core width w: [] Fixed o b 1
e o e | e cores, so that the program tries out
Centre-leg width wm: [] Fixed F e :‘ . T al'l' Of them
m - ’—50 m‘. EE mm elec ultiple Inductor Cores:
ST Sl res Enable Multiple Selection . .
(57w [ » (3= mm o » Whether using predefined cores or a
Windowneightmw: (] Fixeg B custom core, you must define the air
el e counuso gap range and the number of stacked
(i e e = o cores (also variable)
Air gap [] Fixed
| 11] to | 1.3 by | 01 mm If you enable multiple selection, you can select several predefined
components (e.g. cores and wires) to use in the optimization, i.e. valid
Stacked cores ’—3 to l—d- [ Fixgd ::;S:z:ﬂ:iit:lﬁfz 19 UtIn inS Rtimizstien [2ce win allne
| Apply Settings

| Apply Parameters || Mext -= ||

| Start GeckoCIRCUITS H Exit




Specifying the Design Space - Output Inductors

Gecko Swiss Rectifier Optimizer

(B

Converter Design Space:

[ Model SetUp | Converter Design Parameters | Optimization Setings | Resultvisualization |

(G\obal Parameters r Semiconductors r Heat Sinks rOquuI Capacitor r Output Inductors | EMI Filter

Core Material

|NE?[EPCOS) |V|

View Properties

‘Core Dimensions
Available Cores:

Multiple:
ELPG4 |VH Details ‘ Selection

Current Ripple and Volume
Yoprepepe | 025 to [ 035]by [0.05Hs, . []Fixed

Maximum volume 1.0/ L

The Inductance L s caloulates E geomery. For zch vahue ofL
e cutput c3paoRanGs ks Cakoutated 50 St e ma UM volage rippie requirament ks met

'Wire Material: |Annealed Copper (M/A) |v I

[] Custom Core:

View Geometry

View Properties

Filling Factor: v| Fixed
Core dimensions (mmj: o -
Core width w: [v] Fixed to by
to by E| mm Type:
Centre-leg width wm Fixed ﬁ) Solid Wire @ Litz Wire
to by mm
E Available Wires:
Core heighth Fixed
| Multiple Selection | | Details ‘
o by E mm
Window height hw: Fixed [¥] Custom Wire: View Geometry
o by E mm Cenductor diameter: Total diameter:
Core depth I Fixed d: mm d: 0.5 mm
1o by E| mm Isclation thickness: Strand diameter.
Air gap g: [] Fixed s mm di: 0.1 mm
W [ 11 o | 13 by [ 01 mm Number of strands:
n 10,
Stacked cores: 3| to 4| []Fixed
| View/Set Thermal Properties ‘
Powered by GeckoMAGNETICS (apaversin) SRSKQ
I
| Apply Parameters | | Next == |

| Start GeckoCIRCUITS H Exit |

» Windings: you can select
or (but not both at the same
time)

» One fixed
predefined available)

(several

» Like with cores, you can select or
windings

» However, if you choose a
, the parameters are
fixed - no range can be defined, and
only that single wire is used during
the entire optimization process




g
@ Gecko Swiss Rectifier Optimizer

(B

[ Model SetUp | Converter Design Parameters | Optimization Setings | Resultvisualization |

Converter Design Space:

(G\obal Parameters r Semiconductors r Heat Sinks rOquuI Capacitor r Output Inductors | EMI Filter

Core Material Current Ripple and Volume
Yoprepepe | 025 to [ 035]by [0.05Hs, . []Fixed

Maximum volume 1.0/ L
B ) The Inductance L s calutsies e = Far each vaeafL.
View Properties 2 i cpactane b caloulated 50 it e max MU volage riople feaulrement ks met

|NE?[EPCOS) |V|

7
- GeckoDE (beta version) - Swiss Rectifier Optimizer . w =) s

File About

per (M/A)
f Magnetic (Core) Materials r Conductor Materials rCore Shape Winding Shape I’Wmding | ew Properties
Show |All Types Core:

E43/10/28
E55/28/21
E58/11/38
EG64/10/50
ELP64

Fixed
]
Name: ELPG4 Type: E-Core with 3 Air Gaps
Manufacturer: EPCOS Stackable: Yes @ Litz Wire|
Dimensions: Schematic:
i
" g0t Details
w 0.064 ]
wi 0.0536 - liew Geometry
4
wm 0.0102 3 Total d 2
1 00508 ' 0.8 mm
L Ctoal Lt Strand diameter
FEAIS

BEPCOS AG. Mincren 0.4 mm

— Nrmr o sanc:

| Modify | ‘ New | ‘ Delete ‘

i

|
Properties

|5 (zpna verskon) &E.ﬂﬁ?ﬁ
‘ Discard Changes ‘| Save Changes ‘

| [ Apply Parameters Next =
| Start GeckoCIRCUITS H Exit |

GECK
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Specifying the Design Space - Output Inductors

» Whenever you click on a
or
button, the magnetic component
database - GeckoDB - opens up

» Here you can define your own core and
wire sizes and core materials - any
changes or additions to make are
saved to disk and are available next
time you start the program

(gh——.-’" A
|



Specifying the Design Space - Output Inductors

Gecko Swiss Rectifier Optimizer

E—)

e —

Converter Design Space;
r

[ Model SetUp | Converter Design Parameters | Optimization Setings | Resultvisualization |

hl<g

e I'=]) Inductor Thermal Conditions

S

ut Inductors | EMIFilter

Core Material Convection Type:

Air Flow Speed:

K

‘Core Dimensions
Available Cores:

Core Orientation:

NB7 (EPCOS) Air Flow Direction:

o]

LEFTRIGHT |+
0] mis

e ||

ELPG4 Sides NOT exposed to air: []FRONT
[ Custom Core: Default is all sides exposed to sir, || BACK
e p— one of the baxes checked Top
Core width w: BOTTOM
to [ LEFT
Centre-leg wid [] RIGHT

to

Core heighth

Core sides are always named assuming a vertical orientation, 1.e.

by DUSELDC [] Fixed

e setected core emetry. For each vaiue ofL
g ripple requirem et Is met

\pnealed Copper (M/A) :
View Properties

o [ peiais |
Window heigh View Geometry
to If & side s set as NOT & paszd it is assumed no heat flow goes Total diameter:
thra gn this side, i_e. sll convection sccurs through the expased
Core depth I sides OMLY. d: 0.5 mm
1o Strand diameter.
14| to Mumber of strand
- =
n 10,
Stacked cores: 3| to 4| []Fixed
I | View/Set Thermal Properties ‘I
Powered by GeckoMAGNETICS (apaversin) SRSKO

FI

| Apply Parameters ||

=

@

E=4
!

| Start GeckoCIRCUITS H Exit

GECKO

» The thermal properties are setin a
separate window by clicking on the
lower-right button

» You can select the type of
convection | or - and
if forced, at which

), the
orientation of the core with respect
to gravity, and which of the sides
are exposed to air flow

» Thermal model is only stationary
(resistances, no capacitances)

» Sides not exposed to air are
assumed to transfer no heat

» Volume or losses of the fan blowing
if forced convection is selected are
not taken into account at this point

SIMUI.ATIONS



Specifying the Design Space - EMI Filter

Gecko Swiss Rectifier Optimizar

e )

Model Set-Up [ Converter Design Parameters r Optimization Settings r Resultvisualization |

rGIoba\ Parameters r Semiconductors r Heat Sinks r Output Capacitor r Output Inductors r EMI Filter

I Converter Design Space:

The DM EMI filter is designed accor
Simplified Differential-Mode EMI Filter Design, IEEE Trans. on
d Implementation of a Three Phase Buck Type Third Harmoni

ding to the simplified methodology of K. Raggl, T. Nussbaumer, J. W. Kolar, "Guidelines for a
Industrial Electronics, March 2010, and T. Sosiro, T. Friedli, J. W.
c Injection Rectifer SR." IEEE Trans. on Power

with volume estimated based on the specificatior

r the DM filter,
——— | EMI filter volume, the calculated DM filtes

Design Parameters

Standard Limit to 500 kHz 80| dBpV
Standard Limit = 500 kHz: 73 dBuv
10 dB

Inductors volumetric constant 0.003] m
Capacitors volumetric constant. | 6.2E-5] m°l

Safety Margin

Save Options

[] save DM current [ ]| Save CM voltage

| Apply Parameters H Next-= ‘

| Start GeckoCIRCUITS || Exit

GECKO

» For the EMI filter, you can specify the
of the standard being used, the
for the attenuation, and the
of the inductors and
capacitors that are to be used for the filter

» After a converteris
, from simulation data of
the the required

is calculated

» From this attenuation, a two-stage LC
input DM EMI filter is calculated, with the
volume calculated based on the volumetric
constants

» CM filter is not calculated; volume of DM
filter is increased by 30% to approximate
the effect of the CM filter on total volume

» DM filter LC values (15t and 2" stage) are
given in the Output Window and in the output
file at the end of the optimization

SIMUI.ATIONS



Specifying the Design Space - EMI Filter

.|
Gecko Swiss Rectifier Optimizer E‘M

Model Set-Up [ Converter Design Parameters r Optimization Settings r Resultvisualization |

Converter Design Space:

rGIoba\ Parameters r Semiconductors r Heat Sinks r Output Capacitor r Output Inductors r EMI Filter

The DM EMI filter is designed according to the simplified methodology of K. Raggl, T. Nussbaumer, J. W. Kolar, “Guidelines for a
Simplified Differential-Mode EMI Filter Design, IEEE Trans. on Industrial Electronics, March 2010, and T. Sosiro, T. Fridli, J. W.
Kolar, "Design and Implementsation of a Three-Phese Buck-Type Third Harmonic Injection Rectifer SR.” IEEE Trans. on Power
Electronics, April 2013

ch converter configuration the DM cument and CM voltage, =
nd DM), based on the above paper of T. Soeiro et al., that a

1, the user can select bel
CUITS models of the n

into
this program.

Design Parameters
Standard Limit to 500 kHz 80| dBpV Inductors volumetric constant; 0.003] m3u
Standard Limit = 500 kHz: 73 dBuv Capacitors volumetric constant 6.26-5 mi

Safety Margin 10| dB

Save Options

[] save DM current [ ]| Save CM voltage

| Apply Parameters H Next-= ‘

| Start GeckoCIRCUITS || Exit |

» To perform a detailed optimization of the
EMI filter for a particular efficiency optimized
converter design, including all losses and the
CM filter design, select the options to

» Then load these saved waveforms into the
Swiss Rectifier CM and DM noise models
supplied with this program and load them
into the Gecko Three-Phase EMI Filter
Optimizer




Optimization Settings

riﬁ Gecko Swiss Rectifier Optimizer i l = | = ﬂ‘ .
[ Model SetUp |  Converter Design Parameters | Optimization Seftings | Resultvisualization | > H ere y0 u mu St S peC | fy

Simulation and Optimization Criterion Settings. Th e o u t p ut fi le to Wh iC h th e

Optimization Goals Simulation Settings
Optimization type: @ Exhaustive Time step di 100E-9| s Optlmlzatlon reSUltS Wlll be
) Genetic algorithm Periods to simulate: 2E|

written

Network port 43035

Optimize for: At:

Blencency  Fuload Simulation settings: the time-
Coparioas [17]-] step and the number of periods
to simulate (make sure the

circuit is in in the
IDutputﬂ\e: C\users\anstupar\DesK‘top\Opt\mlzersforAF'EC\SwwssRectmeromwmlzel| Change u

L imulated iod
| Evaluate Lower Bound Design | Apply Settings aSt Slmu ate perlo ]

Whether to optimize for full or

Here, set the simulation time step and the number of mains pericds (50 Hz) to simulate. Make sure the converter resches .
stesdy stste (electrical and thermal!) during the slicted simulation time {number of pericds). You can also choose t l t t l d
whether to optimize for peak efficiency st full rated load, o = pertial losd. You must also specify the output file where p a r I a 0 u p u 0 a

the optimization results will be saved

| Evaluate Upper Bound Design

“Evaluste Lower Bound Design” will run one simulstion, with all the MINIMUM design paramaters set in the previous tab,
and calculste the loses.

Optimization algorithm:
exhaustive (brute-force) or

“Evaluste Upper Bound Design” will run cne simulation, with sll the MAXIMUM design parameters set in the previous
tab, and calculate the losses.

“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 port above until a connection to
GeckoCIRCUITS can be established. Make sure you have allowed Java and this application network access when

SR The usage of the
is recommended for

Start GeckoCIRCUITS ‘ | Exit ‘

GECK

SIMULATIONS 1 =

(gh——.-’" A
|



Optimization Settings

Gecko Swiss Rectifier Optimizer i EIE@‘ " . e
[ Model SetUp |  Converter Design Parameters | Optimization Seftings | Resultvisualization | > Evaluate U ppe r’/LOWGr' Bound DeS|g n

Simulation and Optimization Criterion Settings: ru ns o n e Si m u latio n ’ a n d g ives th e
optmizaon Goals breakdowns of the losses and volume - the
Optimization type: @ Exhaustive Time step dt @ S ta kes a ll the
1 Genetic algorithm Periods to simulate: | 2] . ;
I — defined values of the variable parameters,
Optimizefor. At p and the all the

BEmienss  EFulioad defined values of those parameters
[ ] Partload l:l:l

» “Start Optimization” will start the full
D_uteutﬂ\e: \C\USers\instupar\Desm \Opt\mlzersforAF'EC\SwwssRectmeromwmlzel Change _optlrr]'lzatlon and oper.] the OUtpl'It. Wllnd?w
T in which you can monitor the Optimizer’s

| Evaluate Upper Bound Design | Start Optimization

Here, set the simulation time step and the number of mains pericds (50 Hz) to simulate. Make sure the converter reaches
stasdy stst= (electrical and thermal!) during the alloted simulation fime {number of periods). You can slso T = x|
e T TR e R T e ] et () e T (e e s s e T Output Window l—'

the optimization results will be saved

Optimizer Progress:
“Evaluste Lower Bound Design" will run ene simulation, with sll the MINIMUM design set in thel
and calculate the losses. Running GeckoCIRCUITS simulation

[Simulation finished.

“Evsluste Upper Bound Design® will run one simulation, with all the MAXIMUM design parameters set in th (Calculating semiconductor losses.

tsb, and calculate the losses Calculating inductor losses (iterating until convergence):

istarting temp core: 28.0

istarting temp winding: 28.0

iteration 0

core losses: 0.5037057906376742

core temperature: 6823.857683998417 |
inding losses DC: 4621 549304318187‘

NOTE: If you sre having trouble starting GeckoCIRCUITS, change the netwark port sbove until a connectia) inding losses Skin: 0.05786205520030022 L

GeckoGIRGUITS can be established. Make sure you have allowsd Java and this application network scoesy inding losses Proxy: 9.818604417794266E-8

prompted to do so. inding temperature: 66711 83088211254

FI starting temp core: 6823.857683998417 i

starting temp winding: 66711.83068211254

fteration 1

Start GeckoCIRCUI|[| |core losses: 0.12714730217564485

core temperature: 26.405247019038534

S inding losses DC: 1201748.385692219

inding losses Skin: 15.013146744598568

inding losses Proxy. 9.818604417794266E-8

inding temperature: 780.8444114811539 =

[»

“Start Optimization” will commence the full search for the optimum efficiency converter in the specified d




Optimization Results

» At the end, for each switching frequency, the
maximum efficiency design is specified in the
Output Window

| Qutput Window
|

» Given are all the component values, which
components to use and how many (how
many diodes and switches to place in
parallel, how many cores of which size, turns
of which wire, etc).

Optimizer Progress:

=

[———————  Configuration
Switching frequency: 38.0 kHz

Rectifer Diodes:

Characteristics of single diode

Mame: Rectifier Diode

Device: DSEIZ0-12A

Devices paralleled: 5

Average current: 4.419351183077033 A

RMS current: 9.165011291015238 A

Average current: 4.419351183077033 A

Peak current. 22.19921875 A

Peak voltage: -568.375 V

Average junction temperature: 26.05616475252679C

[TOTAL LOSSES: 5.853036752424872'W

[Total volume: 1.1093809523809523E-4 m"3

Totals:

[TOTAL LOSSES ALL RECTIFIER DIODES: 35.12362051454923 W
[Total volume all rectifier diodes: 6.6562857 142857 14E-4 m"3

Current iniection switches-

-

1]

» The same information is written to the output
file you have previously specified
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Visualization of Results - Design Space

Model Set-Up Converter Design Parameters Optimization Settings Resultvisualization

Optimization Results:

I| Visualize Results (Refresh)

Hint: Right-click or left-click and diag on the graphs to zoom

Design Space Resulis r Converter Results

Efficiency vs. Switching Frequency
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Start GeckoCIRCUITS | ‘ Exit

» When the optimization finishes, click
“Visualize Results [Refresh]” in the Result
visualization tab to see plots and graphs of
the resulting designs

» The "Design Space” visualization gives the
key characteristics of the efficiency-
optimized converters over the switching
frequency range

» Clicking "By Component” ...




Visualization of Results - Design Space

... Will show the same plots, but broken down by component type, so you can see how the
design of e.g. the inductor moves over frequency

Losses vs. Switching Frequency

Volume vs. Switching Frequency | Losses vs. Volume

Volume vs. Switching Frequency
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Visualization of Results - Converter Results

Model Set-Up Converter Design Parameters Optimization Settings

Optimization Results:

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

Design Space Results | Converter Results

| Visualize Results (Refresh) |

Choose converter: ‘fsw=18l:llz,Lnsses=139.2W,Vd.=1121 L

Converter Loss Breakdown
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Start GeckoCIRCUITS ‘ ‘
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» The “Converter Results” visualization gives

for the optimum-efficiency converter at
each frequency

Model Set-Up | Converter Design o) Settings | Result

Optimization Results:

Hint: Right-click or lefi-click and drag on the graphs o zoom Visualize Results (Refresn)

Design Space Results | Converter Resulis

Choose converter: [fsw = 38 kHz Losses = 183.4 W, Vol. ~3.8818 L [~]
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Visualization of Results - Converter Results

.
7E5 Evaluated Components (o]

fsw =18 kHz, Losses = 170.4 W, Vol. = 2.2567 L

» Clicking "By Component” gives, for that
|| Output Inductor and Capacitor | Rect. Diode r(:un.\n.sw. rHF‘Swm:h rFreewll. Diode | H H
” . P — switching frequency,

e e ®* & o ° . . . i . [e.g.

- TN all inductors simulated] in a loss vs.
-~ Nl O . O o volume plot, and shows also the selected

([optimum] design
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Gecko-Simulations AG

Physikstrasse 3, 8092 Zurich,
Switzerland

contactldgecko-simulations.com
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