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MAGNETI... what?

= Why MAGNETISIM?

= What's MAGNETISIM?
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Some Context (I)I

Component’s ID

Transformer Pérez
MAGNETIC COMPONENT

Working @ CEIMM-UPM
Power Electronics Group
Mail: tperez@upm.es

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)

[4]



Some Context (II)I

— CORE

Ferromagnetic Material (Ferrite)
Drives the Magnetic Field

WINDING

Conductive Material (Copper)
Drives the Electric Current

MAGNETISIM: Power Platform for Magnetic Components Design (AM26) [B]



Magnetic Components Design Processl

Characterization Parameters
D MUL IT'DCJ\YA‘_(J((.:)(Iy eXt 'a CtiOn
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e SOFTWARE
* Constraints 4\ TOOLS 2 Altum = Component analysis
e remperat i - PCB winding
Dqsses PRI [€cad = 3D bobbin
° Imensions LTsp|ce . C | trat .
. Budget NU octa @ ooling strategies
= Preliminary design asPice \ " Structure
Modeling Simulation Synthesis
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Why MAGNETISIM? |

Elmer FEM Finite Element
open source multiphysical simulation software MethOd Magnetlcs
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SOURCE: comsol.com
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- SOURCE: ans;ﬁ?ﬁ T sourck: Danial Iskhakov (Yo)
¥ License required v Free
v/ Very powerful v quyerful
v Moderate difficulty level ¥ Difficult to use
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What's MAGNETISiM? |

DESIGN . OUTPUT
MAGNETISIM
= |Impedance matrix
- (el S
) fﬂec;mg’clry * Equivalent
° ateria
1 = Currents/voltages per layer
7 Uil = Losses
* Geometry . .
. Material Electric (WIP)

Thermal (WIP)
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MAGNETISM

Invisible physical force produced by
moving electric charges or spinning
electrons within a material, resulting in
the attraction or repulsion of objects.

SOURCE: National Geographic

SiMULATION

Imitative representation of a real-world
system, process, or object over time,
often conducted using computers or
mathematical models to predict behavior,
analyze performance, or train users.

SOURCE: Ansys
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What's MAGNETISiM? |

MAGNETISIMW

SPICESIMI
CAPACITISIM
EXPERTISIMV

PCBSiVI
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What's MAGNETISiM? |

MAGNETISIMW

SPICESIMI
CAPACITISIM
EXPERTISIMV

PCBSiVI
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Core Configuration

Core Geometry

Manufacturer: Ferroxcube
Geometry Core: EQ

Core Reference: EQ13

A [mm]: 12.8
B [mm]: 9.05
Bp [mm]: 11.2
C [mm]: 50
Cp [mm]: Q

D [mm]: 2.85
E [mm]: 1.75
F [mm]: 8.7
Gap [mm]: 0

Core Material

Material:  3C91

m Magnet A Power Loss + Electrical gﬁ’ Thermal
Real Permeability: 3000
Imag Permeability: 0

Conductivity: 0.3333333333233333

[€ Add Permeability(f) Curve

D Permeability(f) from Internal-Database

Winding Configuration

General Winding

Conductor Type: PCB

PCB/Bobbin Geometry

@ Left @ Center E Right

Clearance XY [mm]: 0
Clearance Z [mm]: 0
Number of Layers: 0

Layer Pitch [mm]: 0

Winding Geometry

@ Left @ Center E Right
Nturns: 0
Copper Thickness [mm]: 0
Width of Copper [mm]: 0
Pitch [mm]: 0

Edge [mm]: 0

Winding Material

Material: Copper

m Magnet ﬁ Electrical J& Thermal
Real Permeability: 1
Imag Permeability: 0

Conductivity: 58

Inside MAGNETISIM

Inputs

Simulation Configuration

£} General M Convergence S Nominal Solver B Ac Sweep [> Run Simulstion
Name Simulation  MAGMNETISIM_file
@ Magnetic Field Simulation
D Electric Field Simulation
D Thermal Simulation
& General M Convergence % Nominal Solver 4 AC Sweep [> Run Simulation
Magnetic Field Simulation
Max Error [%]:  1e-08
Electric Field Simulation
Max Error [3]: e-05
Max Number of Passes:
£ General =Y Convergence G Mominal Solver 4 ac Sweep [> Run Simulation
Select AC Sweep Type: Frequency Range
Sim Sweep Type: Logarithmic
Min Frequency [kHz]: 1
Max Frequency [kHz]: 100
Number of Points: | 20
o oo Pt Simulation Frequency
* + + . * + + + + . + + ‘ + . * +

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



Inside MAGNETISIM

Outputs

Winding
Manager

[ MAGNETISIM Fle  Edit Tool H

E 3 Winding Expression

Reset

O 13

D

(w3+w4)

) 1) Bl

w5
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Inside MAGNETISIM

2D vs 3D simulations

v/ Faster
v/ Less resources
% But... not really the same model

3D model

Solution
STEP 1 — Categorize cores Transparenlt“
2D FEMM simulation STEP 2 — Include adjustments for the user!!!
| A
Adjusted 2D vs 3D simulations _/ "
N — o \/ Faster LR ‘_, ) 2
v/ Less resources 3 ,.' ] e‘ ‘
T Y M.

v Reliable results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



AIRXY
IPTXY
E

El
EPlanar
EIPlanar
EL

ELT

EC

U

Ul

XY CORES

Inside MAGNETISIM

RZ CORES

y4

AIRRZ
IPTRZ
EQ
EQPLT
PQ

PQI

P

PT

PH

PM

RM

ER
ERPlanar
EIRPlanar
ETD

SOURCES: Ferroxcube Catalog

MAGNETISIM: Power Platform for Magnetic Components Design (AM26)
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Inside MAGNETISIM |

XY CORES XY Core Modeling

= AIRXY
= |PTXY
= E

= F

= EPlanar
= E|Planar
= EL

= ELT

= EC

= U

= Ul
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Inside MAGNETISIM |

XY CORES XY Core Modeling

= AIRXY
= |PTXY
= E

= F

= EPlanar
= E|Planar
= EL

= ELT

= EC

= U

= Ul
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Inside MAGNETISIM |

XY CORES XY Core Modeling

= AIRXY
= |PTXY
= E

= F

= EPlanar
= E|Planar
= EL

= ELT

= EC

= U

= Ul

+ o
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Inside MAGNETISIM

XY Core Modeling

!
Simulated regions I

Not-simulated regions

= Small errors in resistance
* Negligible errors in energy

Good general results
(as we will see later on)

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) En]



Inside MAGNETISIM

RZ Core Modeling

RZ CORES

Z

Real Geometry Simulated geometry

AIRRZ
IPTRZ
EQ + EQPLT
PQ + PQl
P

PT

PH

PM

RM

ER
ERPlanar
EIRPlanar
ETD

External Area Internal Area
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Inside MAGNETISIM

RZ Core Modeling

T
(AZ _ Blg) Z =2 (Asquare - (Acheese - 2Atriangle))

B
Bz arcos (B_) Bz B
c0SO = — = Aheese = L. P2 «2 =L arcos| —
B, 4 2T 4 B,
B F B—A
Atriangle = 2 . 2 Asquare =F- Ty

MAGNETISIM: Power Platform for Magnetic Components Design (AM26)
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Inside MAGNETISIM

Winding Modeling

Litz

Planar and PCB

G
G
G
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98* Ramd Wiza d

Round Conductor Configuration Wizard

Total Build Thickness [mm]: &
Number of layers: 3
Inter-layer Pitch [mm]: 1.5000

Conductor Diameter [mm]: 1

Calculate Missing Value

Representative Winding Cross-Section:

COOTTOOCO0
SO ee

S See e

Inside MAGNETISIM

Winding Tools

=" PCB Wizax

PCB Configuration Wizard

PCB Thickness [mm]: 3
Number of layers: 12
Layer Pitch [mm]: 0.1964

Copper Thickness [mm]: 0.07

Calculate Missing Value

Representative Stackup Plot:

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)

E



Inside MAGNETISIM

Simulation Configuration

{:I' General I‘_"L Convergence 'ﬁ) Nominal Solver 8 a [} Run Simulation

™
Lo
(T
[q¥]
e

Name Simulation MAGNETISIM file

D Magnetic Field Simulation ‘ é Method Magnetis g} Elmer FEM
D Electric Field Simulation ‘ é Method Magnetics g?, Elmer FEM
D Thermal Simulation ‘ g? ElmerFEM
NOW SOON
s’
.\ Linux, i
am Windows __.é ' i0S

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



Inside MAGNETISIM

Simulation Configuration

£} General [ Convergence {3 General [M  Convergence G’ Nominal Solver

Magnetic Field Simulation

Max Error [%]: 1e-08

Electric Field Simulation

(|

LN

Max Error [%]:

4]

Max Number of Passes:

Thermal Simulation

Max Error [%]:

Max Number of Passes:

Magnetic Field Simulation

Nominal Frequency [kHz]: 100
Electric Field Simulation

Nominal Frequency [kHz]: 0C

Thermal Simulation

Sim Type: aNM

Ambient Tempereature [?]: 2O

Air Velocity [m/s]: i

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Inside MAGNETISIM

Simulation Configuration

[ -I MAGNETISIM File Edit Tool Help — O x ' [M] MAGNETISIM File  Edit  Tool  Help — o x
Ea '1:1' General M Convergence @ Nominal Solver 'Eb AC Sweep [> Run Simulation Ea '1:1' General M Convergence ‘? Nominal Solver 'DU AC Sweep D Run Simulation
Select AC Sweep Type: Waveform j Select AC Sweep Type: Frequency Range j
Waveform: Square j Sim Sweep Type: List j
wJ L
mn Number of Harmonics: 3 mn Vector of Frequencies [kHz]: [ 10,30,12,230,1000 ]
Fi efi Plot: . . Include Nominal Frequenc
requency/Waveform Plo Actual Waveform and Harmonic Creation (=] R
T T . . N
@ 1.0 4 (N -~ 2T —— Actual Waveform @ Freauency/Waveform Plot: Simulation Frequency
i L4 S p— v i
¥ ) -== Harmonics
\
051 . 90 o9 'Y ®
;I \
mn o
42 \ ; 41
\\ I
—0.5 5 ,!
\\ [
- - /
Y -~ ~ 3 ~ P
-1.04 ~ -~ ~_”
0 2 4 6 8 10
Time (us)

0 200 400 600 800 1000
Frequency [kHz]
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Inside MAGNETISIM

Harmonic Wizard (Pro)

Harmonic Wizard Pro

Waveform Configuration . . N .
Time Domain Signal (Superposition)
Waveform type:  Square j 10 m |deal Waveform
Nominal Freq.: 100,00 kHz :‘ —— Reconstructed
5 4
Peak Voltage: 10,00 V :‘
_5 4
Duty Cycle: 20,00 % j
_10 4
0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0
us
Frequency Spectrum (7 Harmonics)
L
6 L
44
) I
0 a T I
100 200 300 400 500 600 700
kHz
Frequencies (kHz):
100.08, 200.08, 300.00, 400.00, 600.0@, 700.00
Peak Amplitudes (V):
7.4839, 6.8546, 4.8364, 1.8718, 1.2473, 1.7299
Close

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]



Inside MAGNETISIM

The - Impedance Matrix

Transformer Pérez

Zaa ZAB
» ZBA ZBB

Now, we can do
whatever* we want

Unlimited power!

*almost whatever we want

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Inside MAGNETISIM

Winding Manager

Independent
Wlndlng _le 212 Zl3 Zl4 215_
A [" wi ] oriGNAL |27 22 e Zaa s
MATRIX Z31 Zso 233 Zs34  Zss
. Zy Zaz Za3 Zaa 245
eries
Connection ‘251 T2 s D 255_
- Y Y Y Y
B [ (w2+w3) J
Parallgl _ZAA ZAB ZAC’_
Connection REDUCED z Z Z
MATRIX ZBA ZBB ZBC
LYY Y Y
C AN | <~CA CB CC |

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) En]



Why MAGNETISIM? |

= Qur contribution to the research community
= Not open, but always free
= You can help us!

AGNETISIM: Power Platform for Magnetic Components Design (AM26) Eﬂ]


https://www.magnetisim.com/download

Be Part of MAGNETISIM! §

Join us!

= Bachelor’s / Master’s Thesis (TFG / TFM)
= PhD Research
= Freelance Collaboration

Sponsor us!

= Sponsor a Student Thesis (Industrial Council)
= Support the Project
= Sponsor a Custom Feature

Report bugs!

= Bugs Report — Public, not Available yet
= Pull request — Fix Bugs and Send Suggestions

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



First Steps

= Design Configuration
= Simulation Possibilities
= Postprocessing the Results




GUI Overviewl

TAB MENU ~[Hreemle e e ===— BAR TOOL
Core Geometry Tab (Ctrl+1) | E3 | o 1 R
Geometry Core:  Select Manufacturer j ”
Winding Geometry Tab (Ct I"1+2) % Core Reference: | Select Manufacturer j o
A fmm: . 07
Sim Config Tab (Ctrl+3) | ¢ || *= ° “
Bp [mm]: 0 05
€ [mm]: 0 04
Magnet Tab (Ctrl+4) {6 | =~ §
D [mm}: 0
02
E [mm]: 0
01
F [mm]: 0
e [ o[ LTI | IHINRHEINY | | MODELER
:
N e WINDOW
/ Gap [mm]: 0 -0.2
I N PUT F RAM E Core Material -03
Material: ~ Select Manufacturer j s
i\ Magnet A PowerLass % Flectrical & Thermal
-05
Real Permeability: 0
Imag Permeability: 0 e
Conductivity: 0 i
£ Add Permeabiitytf) Curve 05
D Permeability(f) from Internal-Database -09
06 04 -0z 0 02 04 056
MExport T Refresh Plot  O(Fit All

|
MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]




Core Geometry Selection

”&mﬁmmm @ Select the manufacturer from the menu (e.qg.,
Manufacturer: Select Manufacturer hd FeI‘I‘OXCU be) .
Geometry Cares | Setoct Manatactre B @ Select the core geometry (e.g., the "E" model).
- © Select the core reference (e.g., E19/8/9).
Core Reference:  Select Manufacturer h

i O The system automatically loads the core
parameters from the built-in database.

9 Core Geometry OC‘"" ety

Manufacturer: Ferroxcube j
Manufacturer: Ferroxcube M
T Geometry Core: E j
Geometry Core: | Select Geometry Core v
— Core Reference:  E19/8/9 j
Core Reference:  Select Geometry Core M A [mm]: 10.05
B [mm]: 14.33
e € [mmE: 475
Core Geometry D [mm]: 8.05
Manufacturer: Ferroxcube v E [mm]: 5.69
Geometry Core:  E - F [mm]: a7
Gap [mm]: 0
Core Reference: Select RefCore -

Legends in Create Magnetic Core

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



https://www.magnetisim.com/tutorials

Core Material Selection I

0{30re Material

Material: 394 j
M Magnet A Power Loss % Electrical & Thermal
et Pttt | 2200 CORE MATERIAL CHARACTERIZATION

= Magnet
U, — juy — Complex permeability
Conductivity — Electrical Conductivity
[ Add Permeability(f) Curve = Power Loss
k, a, B — Steinmetz loss model coefficients
= Electrical
Pending electrical data spec

@ Select the material from the menu (e.g., 3C94). = Thermal .
The system automatically loads the material The thermal model release is planned to take
parameters from the built-in database. place in September 2026.

Imag Permeability: 0

Conductivity: 0.3333333333333333

Permeability(f) from Internal-Database

More information in Create Material

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]



http://www.magnetisim.com/

Modeler Windowl

[
.MIGNETISIH File  Edit Tool  Help = o x

3 Core Geometry & 20 5 3o

m

Manufacturer: Ferroxcube j
15
Geometry Core:  E j

Core Reference:  E19/8/9

o 3

— [ o N
e e | | | | | Once the core and its
n | | material are configured, the
= E [mm]: 5.69 °
o i Modeler Window allows us
Gl 0 to confirm that everything is

correctly set up.

Core Material

Material: 294 j o
m Magnet & PowerLoss 4 Electrical & Thermal
Real Permeability: 2300
Imag Permeability: 0 51
Conductivity: 0.3333333333333333
[€ Add Permeability(f) Curve
D Permeability(f) from Internal-Database 0
-15

M09 -8 -7 6 -5-4-3-2-10 12 3 4 5 6 7 8 9 101
MExport  TiRefreshPlot O] Fit All

[ =]
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Modeler Window

[
.MMNEI’ISIH File  Edit Tool  Help = o x

3 Core Geometry B 20 = 3o

m

Manufacturer: Ferroxcube

Geometry Core:  E

Lo L e

Core Reference:  E19/8/9

o 3

Mok 1008
N
— We can easily switch

n between a 2D view
| a superimposed on a grid and
Gt 0 an interactive 3D view of

Core Material

the core we just designed.

Material: 3C94 j
m Magnet & PowerLoss 4 Electrical & Thermal
Real Permeability: 2300
Imag Permeability: 0
Conductivity: 0.3333333333333333
[€ Add Permeability(f) Curve

D Permeability(f) from Internal-Database

MExport  TiRefreshPlot O] Fit All

[ =]
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Winding Geometry Tabl

F
[M] MAGNETISIM Fle Edit Too  Hep

= o x
General Winding b 20 @ 3o
Ea Conductor Type:  Select Conductor Type . J o G E N E RAL
PCB/Bobbin Geometry We choose the

@ e IE enter lE‘ ight
oo conductor type:
Clearance XY [mm]: 0

Clearance Z [mm]: 0 . . . . u RO U nd
Number of Layers: 0 u PCB/Planar

Layer Pitch[mm]: 0 10 u L
WINDING 5 v
GEOM ETRY TAB Wi“@di“::eemetry@ Center B Right
(Ctrl+2)

Accessing the "Winding e
" laterial: Copper j 0
Geometry Tab" we
proceed to include the et Fermesity |
. . . -5
coils in our design. imag Permesbiity: 0

Conductivity: 58

o 3

D

m Magnet %4 Clectrical & Thermal

20—

-10 -5 o 5 10

MExport  TiRefreshPlot O Fit All

LS

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



General Winding
Conductor Type:  Rou

Clearance XY [mm]:
Clearance Z [mm]:
Number of Layers:

Layer Pitch [mm]:

9 Winding Geometry

M Left
Distribution:
Nturns:
Copper Radius [mm]:

Pitch [mm]:

e Winding Material

Material: Copper
m Magnet
Real Permeability:
Imag Permeability:

Conductivity:

nd

9 PCE/Bobbin Geometry

[O] Center
0.5
0.5
1

0

[O] Center

Vv
]
0.6

0.3

% FElectrical
1
0

58

Bl Right

B Right

& Thermal

Round Conductors

PCB/BOBBIN GEOMETRY

= Clearance XY - This is the safety distance in the horizontal plane
between the winding and the core legs.

= Clearance Z - This represents the separation along the vertical axis.

= Number of layers - Indicates the total amount of layers that will be
superimposed to form the winding.

= Layer Pitch - This is the vertical distance or separation between one
wire layer and the next one.

—& PCB/BOBBIN GEOMETRY

= Distribution — Defines the arrangement pattern of the turns (for
example, a "V" vertical distribution).

= Nturns - The total number of turns or loops of wire that make up the
winding.

= Copper Radius [mm] - Refers to the physical radius of the solid
copper conductor.

= Pitch [mm] - The center-to-center distance between two consecutive
turns within the exact same layer.

Winding Material
= Magnet

= Electrical

= Thermal

More details in Defining Winding

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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https://www.magnetisim.com/tutorials

Defining a Windingl

General Winding
Conductor Type:  Round j

PCE/Bobbin Geometry

@ en | B cotwr | B Rgw  ® THE TOOL IS VERY VISUAL
Gearance XY fmm: 05 When we change parameters
e like the layer pitch or play with
L the legs' position, the 2D view
updates instantly to show us

Layer Pitch [mm]: 0

Winding Geometry hOW the different |ayer5 |00k.
M Left [O] Center B Right

Distribution: V' j

Nturns: ]

Copper Radius [mm]: 0.6

Pitch [mm]: 0.3

Winding Material

Material: Copper j

m Magnet % Electrical & Thermal

Real Permeability: 1
Imag Permeability: 0

Conductivity: 58

More details in Defining Winding

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]



https://www.magnetisim.com/tutorials

Defining a Windingl

General Winding
Conductor Type:  Round j

PCE/Bobbin Geometry
M Left O Center Bl Right

Clearance XY [mm]: 0.5
Clearance Z [mm]: 0.5
Number of Layers: 1

Layer Pitch [mm]: 0

Winding Geometry

M Left [O] Center B Right
Distribution: v j
Nturns: &

Copper Radius [mm]: 0.6

Pitch [mm]: 0.3

Winding Material

Material: Copper j

m Magnet % Electrical & Thermal
Real Permeability: 1

Imag Permeability: 0

Conductivity: 58

More details in Defining Winding

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]
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This Must be the Resultl

k20 7 2o

MAEport 2 Refresh Plot O Fit All

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



Configure the Simulation

D Magnetic FiEld Simulation

D Electric Fighd Simulation
D Thermal Bimulation

Ed
¥
m

T General M Convergence

Magnetic Field Simulation

Max Error [%6]: | 1e-08

£ General M Convergence % MNominal Solver

Magnetic Field Simulation

Nominal Frequency [kHz]: [ E»d

O GENERAL

We assign a simulation name and

select the desired simulations:
= Magnetic Field

= Electric Field

= Thermal Simulation

©® CONVERGENCE
We define the mathematical
precision criteria, such as the
maximum error.

© NOMINAL SOLVER
We adjust the nominal frequency of
the system.

More details in Configure Sim

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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https://www.magnetisim.com/tutorials

Configure the Simulation

AC SWEEP

We configure a frequency
sweep, being able to select the
sweep type (e.g., logarithmic)

Select AC Sweep Type:
Sim Sweep Type:

Min Frequency [kHz]:
Max Frequency [kHz]:

Number of Points:

Frequency/Waveform Plot:

3 General e Convergence

Frequency Range
Loegarithmic

1

100

3

@ Include Nominal Frequency

& Nominal Solver

%4 AC Sweep

[> Run Simulation

Simulation Frequency

and defining the min and max
E frequencies to see the behavior
i over a broad spectrum.

O RUN SIMULATION

Well, to run the simulation.

I

107

10!
Frequency [kHz]

102

More details in Configure Sim

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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https://www.magnetisim.com/tutorials

Simulating...l

[ 4 | . . . .
e . When launching the simulation in the Run
= O Simulation tab (Ctrl+3), the interface
locks  momentarily to dedicate all
w Running Simulations : :
R | e —— resources to the field calculations.
@ ime H N lotal estimated time: -
Electric Field Simulation The development team promises this will be improved!
B You can follow the progress using a bar.
Once the red bar reaches 100% and
finishes counting, the results can be
viewed.
£ General ™M Convergence G MNominal Solver v AC Sweep [> Run Simulation
Magnetic Field Simulation
Run Magnet
Running Simulations
Finished Simulations: 16 / Total Simulations: 16
Time left: 0.00 / Total estimated time: 147.93
8 - — D |

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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WINDING
EXPRESSION
WINDOW

In the "Winding
Expression”  window,

we can right-click on
the windings to define
a series or parallel
connection.

T~

F
[M] MAGNETISIM Fie Edit Tool Help

EH Winding Expression

7@3&

[Z] Matrix Viewer

Matrix Results
Visualizer Mode:

Matrix @ Freq

Selected Frequency:
1.00 kHz

Matrix Type:
z

Units:
Ohm

N Decimals:

2
wi w2
wil | 043 (-0-0.06)

w2 (-0-0.06) 03

= o

Circuit Viewer @ Power Loss Viewer

L LN\ Lo L

Export S8V Export VectorFitting

4

RESULTS WINDOW
With the Visualizer
Mode, we select how
we want to view the
data.

We can filter the data
by selecting a specific
frequency, the matrix
type, and adjusting the
units and the number
of decimals plotted.

More details in Analysing Results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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https://www.magnetisim.com/tutorials
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Winding Manager (per Layer)l

+ [Define a Series connection
o Define a Parallel connection

More details in Analysing Results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬁ]
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F
[l MAGNETISIM File Edt  Tool  Help

Ea Winding Expression

o 3€

D

[Z] Matrix Viewer Circuit Viewer

Matrix Results
Visualizer Mode:

Matrix @ Freq
Selected Frequency:
1.00 kHz

Matrix Type:

@ Power Loss Viewer

00000

wi w2

wi 10 -0.1622

w2 -0.1622 1.0

Matrix Viewerl

© VISUALIZER MODE

Determines how the matrix data is presented on
the screen. For example, setting it to "Matrix @
Freq" allows you to view the data table for one
specific frequency.
O SELECTED FREQUENCY

The specific frequency point (e.g., 1.00 kHz) from
your simulation sweep that you want to examine
in the matrix.

© MATRIX TYPE

Selects the specific electrical or magnetic
parameter you want to analyze. In the image, 'k’
is selected, which represents the coupling
coefficient between the windings.

O UNITS

The physical measurement units applied to the
values within the matrix. For the coupling
coefficient ('k'), it is represented as a
dimensionless unit (‘17).

© N DECIMALS

Controls the visual precision of the data by
defining the exact number of decimal places
shown for the numerical values inside the
generated matrix.

Export CSV Export VectorFitting

& J More details in Analysing Results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]
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F
[l MAGNETISIM File Edt  Tool  Help

Ea Winding Expression

o 3€

D

[

[Z] Matrix Viewer Circuit Viewer

Matrix Results
Visualizer Mode:

Matrix vs Freq

Matrix Type:
L
Units:
uH
L12 L11

121
122 =

— L1
63.245 \

@ Power Loss Viewer

o 000

68.240 \

68.235

L [uH]

68.230

1k 10k
Freq [Hz]

100k

Matrix Viewerl

© VISUALIZER MODE

Determines how to display the data. By setting it
to "Matrix vs Freq", the viewer changes from a
data table to a 2D graph, allowing you to observe
how a specific parameter behaves across the
entire simulated frequency range (AC Sweep).

© MATRIX TYPE

Selects the specific electrical or magnetic
parameter you want to evaluate. In the image
provided, 'L' is selected, meaning the graph will
display Inductance values.

© UNITS

Sets the physical measurement unit for the

graph's vertical axis (Y-axis). For the chosen

inductance, it is configured to 'uH' (microhenries).
O DATA TO PLOT

This selection area lets you choose exactly which
elements from the matrix you want to render on
the graph. You can select individual matrix
components—such as a specific self-inductance
or mutual inductances—and use the arrow
buttons to add or remove them from the active
plot.

J More details in Analysing Results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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F
[l MAGNETISIM File Edt  Tool  Help

Ea Winding Expression

o 3€

D

[

[Z] Matrix Viewer

Circuit Results
Frecuendcia:

1.00 kHz

.Wini\g(:nnl.
1 wl

2 wl

I
w1 1.000-0.000)

w2 -0.125-0.037

Circuit Viewer

1.000 -0.000 | -0.006-2.337]

0130 | -163.505 | -0.125-0.037)

& Power Loss Viewer

Excitation Type Value
<]
|
Run Circuit Sim
Mag(V) Phase(V) I Mag(l) Phase(l)

2337 -90.142

0,130 | -163.505

12

Export to CSV Run FEA Simulation

Circuit Viewer

CIRCUIT VIEWER

The Circuit Viewer is designed for

direct electrical analysis.

@ Frequency, Winding Conf,
Excitation Type, Value
You just need to select the frequency
and apply a configuration to your
windings including Winding Conf
Excitation Type, and Value.

® Run Circuit Sim
By clicking "Run Circuit Sim", the
program returns the electrical data,
solving the circuit and showing you the
results layer by layer.

J More details in Analysing Results

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Power Loss Viewer

FB maGNETISIM Fie  fat Too e - o x|
Eg M e m— POWER LOSS VIEWER
- i E The Power Loss Viewer is designed for
o -mm . 0 direct power loss analysis.
- | @ Frequency, Winding Conf,
@ - -~ Excitation Type, Value
o Similar to the circuit \{ievx{er, you input
= the frequency, the excitation type, and
its value.
® Run Circuit Sim
Then you can calculate the losses by
- - i S clicking on "Analytical Power Loss" or
- 9 "Simulate Power Loss".
w 2000919002365 You will see the results broken down
L e per layer, including total winding loss
Bpk (mD) 16.117111-0.000000] and core loss.
Ecport toC5V
* | ITy——

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]
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Use-Case

" Project Context
= Design Configuration
s Simulationand Evaluation




Specifications

Y Parasitic Capacitance > CAPACITISIM
¢ PCB Design > PCBSIiM

\/ Manufacturer process

/ Simulation = Measurements

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]
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Design Specificationsl

VOLTAGE-POWER SPECIFICATION

Port Parameter Value
| . Vi, 42 \/
npu
P £ 350 kHz
Vot 6V
Output 1*
Pout 10W
Vot -6V
Output 2
Pout 1.5W
Vot o9V
Output 3
Pout 20 W

Operating frequency: 350 kHz

FORM FACTOR

<

N
%Q

30 mm

20 mm

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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EXPERTISIM

Preliminary Calculationl

ATATET
MAGNETICS
N -
4.5
4 I Np = 6; By, =42 mT
B Np = 8; By, =31 mT
3.5 [ Np=10; By, =25 mT
~— 3 B
g a5l
o
i of
=
1.5F

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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WINDING SPECIFICATIONS

Port Layer ID  No. Turns
w1 4
Input
w2 4
Output 1 w3 2
Output 2 w4 2
Output 3 w5 3

EXPERTISIM

Preliminary Designl

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)




Core Selectionl

A, nH/T? (nominal) L. Path Length
Core Data 26y | 40u | 60u | mm

Az Cross Section Length Height | Width
mm® Y mim mim
5.0

EQG20 L050 81 120 167 293 60.8 20.0 14.0
EQG20 LO61 67 98 138 35.8 60.8 200 6.1 14.0

EQG26 L070 m 164 228 423 119.8 26.5 7.0 19.0

8 uH EQG26 L08S 95 140 195 495 119.8 26.5 8.8 19.0

N —— & 125 nH | 86 177 54.7 119.8 26.5 101 19.0
8 EQG26 L124 74 108 151 639 119.8 26.5 124 19.0
EGG32 L101 100 148 207 59.5 1523 32.0 101 220

EGG32 L152 75 110 156 79.9 1523 32.0 152 220

EQG32L180 66 97 136 911 1523 32.0 18.0 22.0

EQG36 L100 109 160 223 65.1 180.8 36.0 10.0 26.0

EGG36 L110 102 151 211 69.1 180.8 36.0 11.0 26.0

EQG36 L174 75 110 154 947 180.8 36.0 174 26.0

EQG41L120 94 138 193 836 1997 415 12.0 28.0

EQG41L199 68 100 140 115.2 1997 415 19.9 28.0

EQGS50 L200 109 160 223 113.4 3141 50.0 20.0 320

EQGS0 L250 92 136 190 133.4 3141 50.0 25.0 320

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Design Configuration I
Core Geometry
Manufacturer: Maginc Geometry Core: EQ Core Reference: EQM26x19 L0O70

F F F
[M] MAGNETISIM File Edit Tool Help [ MAGNETISIM  Fle  Edit  Tool Help [ MAGNETISIM  Fle Edit  Tool Help
Core Geometry Core Geometry Core Geometry
E 3 Manufacturer:  AirCore E 3 Manufacturer: Maglnc j E 3 Manufacturer: Maglnc j
CustomCore
Geometry Core: IFPe_Ir-rnx{uhE Geometry Core: I EC | ‘Geometry Core:  EQ j
EERP
w Maglnc w WA r 1
m Core Reference: \jicrometals m Core Reference: EI m Core Reference:  EQM20x14_LO50
A [mm] g A [mm] 3 A [mm]
mm]: 0 mm]: ER mm]: =
EQM26x19_L088
ETD .
EQM26:18_L107
B [mm]: 0 B [mm]: LP B [mm]: EQIM26x19_L 124
P EQM3222_L101
Bp [mm]: 0 Bp [mmi: PQ Bp [mm]: EQM32:22 1152
v EQM32:22_1 180
C [mm]: 0 C [mm]: 0 C [mm]: EQM36:26_L100
m m m EQM36:25_L110
=la Cp [mmi: 0 =Fa Cp [mml: 0 = D [mml: EQM36:26_L174
EQM41:28_L120
EQM41:28_L199
D [mm: 0 D [mm]: 0 E [mm]: EQMS0x32_L200
EQM50:32_L250
E [mm]: 0 E [mm]: 0 F [mm]: e
F [mm]: 0 F [mm]: 0 G [mm]: 0
G [mm]: 0 G [mm]: 0 ‘Gap [mm]: 0
I 3 0 I 3 0
= = Core Material
Gap [mm]: 0 Gap [mm]: 0 Material: Select Manufacturer j
Core Material Core Material Iy} Magnet & PowerLoss % Electrical & Thermal
Material: = Select Manufacturer j Material: = Select Manufacturer j Real Permeability: |~ 0
m Magnet A Power Loss % FElectrical & Thermal m Magnet A Power Loss 4 Electrical & Thermal Imag Permeability: 0
Real Permeability: 0 Real Permeability: =~ 0 Conductivity: 0
Imag Permeability: 0 Imag Permeability: 0 E Add Permeability(f) Curve
Conductivity: 0 Conductivity: 0 D Permeability(f) from Internal-Database
[€ Add Permeability(f) Curve [£€ Add Permeability(f) Curve
D Permeability(f) from Internal-Database D Permeability(f) from Internal-Database

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



Design Configuration
Gap [mm]: 0.25 Core Modification

r ol
[M] MAGNETISIiM Fle Edit Tool Help A — o x - o x
Core Geometry & 2D 7 3 b 2o 3 2o
E 3 Manufacturer: Maginc j |
Geometry Core:  EQ j
m Core Reference: EQM26x19_LO70 j
A [mm]: 26.5 10—
@ B [mm]: 15
BEp [mm]: 226
- C [mm]: 120
£ D [mm]: 7.0 e
E [mm]: 37
F [mm]: 19.0
G [mm]: 19.0
ol
Gap [mm]: 025
Core Material
Material: = Select Manufacturer j
m Magnet A PowerLoss % Electrical & Thermal
-5
Real Permeability: 0
Imag Permeability: 0
Conductivity: 0
[£ Add Permeability(f) Curve
-10
D Permeability(f) from Internal-Database
-0 1 2 3 4 5 6 7 & 9 1w 1 12 13 14 15 16 17 18
Mbport T RefreshPlot O, Fit All PEport  TiRefreshPlot O Fit All

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) En]



gn Configurationl

Core Material

-
[M] MAGNETISIM Fie  Ediit  Tool  Help - o x
F

P
Core Get g [ 2D 7 3
E 3 Manufacty I |

MPP 14
Geometry 1pp_25

MPP_40
Core Refe MPP_60
MPP_125
MPP_160
MPP_200
MPP_300
Blmml:  pp 350

HighFlux_14 I [ | | " °
Bp [mm]: HighFlux_26 M a te rI a E e

HighFlux_40 ‘
C[mm]: HighFlux 60 -
HighFlux_125
HighFlux_160 5
KoolMu_14
KoolMu_26
Elmml: ooy 40

KoolMu_&0
F[mm]:  KoolMu_75

KoolMu_80
G [mm]: KoolMu_125
XFlux_26
Fluze 40 0
KFlux_60
KFlux 75

Core Ma XFlux_125

Edge_14
—c
Edge_40
Edge_60
m 5 Edge 73
Edge_90 -5
Real Per 75.26
73,40
Imag PeI 75_60

3€

A [mm]:

C)

D

D [mm]:

Gap [mm]:

Conductivity: 0
[£ Add Permeability(f) Curve

D Permeability(f) from Internal-Database

-0 1 2 3 4 5 6 7 & 9 W 1 12 13 14 15 16 17 18

Mbport T RefreshPlot O, Fit All

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]



Design Configurationl

Core Material Power Losses (1)

Core Material

Material: Edge 26 j
m Magnet & Power Loss « Electrical & Thermal
Core Power Loss Curve Fitting
Steinmetz k (kW/m): 0.0025 ‘ Excel Files (Multi-frequency)

Steinmetz alpha (kHz):  1.25

Select Excel(s)... No files.

[# Add Pv Curve
Plot Digitizer
e ma

Last Step

Steinmetz beta (mT}): 1.98

This is already characterized, but lets
see how would we do it manually.
© Power loss tab

® Add Pv Curve
® Plot Digitalizer — Select PNG

Fit and Plot

0K Cancel

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



Design Configurationl

Core Material Power Losses (II)

Fit PviB) from image {log-log)

-~
Bmaciamon: 1w DIGITALIZE PLOTS

Pv min [kW/m3] (¥): 10
Pwv max [kW/m3] (Y): 10000
Load imagen...
Calibrate (3 clicks)
Add Curve (Freq)
Delete Selected Curve

Accept and Close

Digitized Curves:

Status: no image.

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EE]



Fit Pv(B) from image (log-log)

B min [mT] (X): 10

B max [mT] (X): 100

Edge® EQ & LP Cores 26y, 40y, 60p

Design Configurationl

Core Material Power Losses (Il

Pv min [kW/m3] (Y): 10

Pv max [kW/m3] (Y): 2000

Load imagen...

Calibrate (3 clicks)

Add Curve (Freq)

Delete Selected Curve

Accept and Close

Digitized Curves:

Status: Calibration OK.
Now dlick ‘Add Curve'
to start digitizing.

0.05

0.07
Flux Density (Tesla)

W -
0.1

05

DIGITALIZE PLOTS

©® Load image

® Introduce graph limits
® Calibrate

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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B :f P’-;..‘:'i] :';:r" ma; ‘cﬁ— 0g)

B min [mT] (X): 10

B max [mT] (X): 100

Pv min [kW/m3] (Y): 10

Pv max [kW/m3] (Y): 2000
Load imagen...

Calibrate (3 clicks)

Add Curve (Freq)

Delete Selected Curve

Accept and Close

Digitized Curves:

Status: Calibration OK.
Now click ‘Add Curve'
to start digitizing.

Design Configurationl

Core Material Power Losses (I1V)

Edge® EQ & LP Cores 26y, 40y, 60u

Enter frequency [kHz]:

| |

: A" J
J w a 02 03

Flux Density (Tesla)

05

DIGITALIZE PLOTS

@ Load image

® Introduce graph limits
® Calibrate

® Add curve

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)

[65]



Design Configurationl

Core Material Power Losses (V)

Fit Pv(B) from image (log-log)

B min [mT] (X): 10

B max [mT] (X): 100

Edge® EQ & LP Cores 26y, 40y, 60p

Pv min [kW/m3] (Y): 10

Pv max [kW/m3] (Y): 2000
Load imagen...
Calibrate (3 clicks)

Add Curve (Freq)

Delete Selected Curve

Core Loss (mW/am?)

Accept and Close

Digitized Curves:

W - 1
Sl 001 0.02 . 005 00 0l 02 03 05
Flux Density (Tesla)

Status: Curve 100.0 kHz: 15 points.

X

DIGITALIZE PLOTS

@ Load image

® Introduce graph limits
® Calibrate

® Add curve

® Click along the curve

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Design Configurationl

Core Material Power Losses (VI)

X

Fit Pv(B) from image (log-log)

B min [mT] (X): 10

I “9°°E°“"°°'°s26"'4°“'6°“ DIGITALIZE PLOTS
R | ©® Load image
® Introduce graph limits

Pv max [kW/m3] (Y): 2000

= s © Calibrate
Add Curve (Freq) g
e £ O Add curve
S ® Click along the curve
. 1114 | ® Add more curves
abiaih 0.01 0.02 0.03 0.05 0.07 0.1 0.2 03 05
Sl Flux Density (Tesla)

Status: Curve 200.0 kHz: 19 points.

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



Design Configurationl

Core Material Power Losses (VII)

X

Fit Pv(B) from image (log-log)

B min [mT] (X): 10

Smarion: | 10 | e e Rl DIGITALIZE PLOTS

T ©® Load image

Lo mgen. ® Introduce graph limits

2 300

e = © Calibrate

Add Curve (Freq) 2 10

e B ® Add curve

S » ® Click along the curve
— " 1 Lg | ® Add more curves
Cuwe; 200:0 - 0.01 0.02 0.03 0.05 0.0.7 0.1 0.2 03 05
R R Dl (e ® And more curves!

Status: Curve 500.0 kHz: 18 points.

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) Eﬂ]



B min [mT] (X):
B max [mT] (X):
Pv min [kW/m3] (Y):

Pv max [kW/m3] (Y):

(log—-log)

- Fit Pv(B) from image

10

100

10

2000

Load imagen...

Calibrate (3 clicks)

Add Curve (Freq)

Delete Selected Curve

Digitized Curves:
Curve: 100.0 kHz

Curve: 200.0 kHz
Curve: 500.0 kHz

Status: Curve 500.0 kHz: 18 points.

Design Configurationl

Core Material Power Losses (VIII)

Core Loss (mW/am?)

Edge® EQ & LP Cores 26y, 40y, 60y

2 W -
0.01 0.02 0.03 0.05 0.07 0.1 0.2 03 05
Flux Density (Tesla)

DIGITALIZE PLOTS

@ Load image

® Introduce graph limits
® Calibrate

® Add curve

® Click along the curve
® Add more curves

@ And more curves!

® Accept and close

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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| - Core Power Loss Curve Fitting

Excel Files (Multi-frequency)

Select Excells)... No files.

Plot Digitizer

| Select PNG... Data extracted successfully.

| Last Step

Pérdidas Volumétricas Pv (kW/m?)

=
o
W

107 1

=
[=)
—

Fitting Pv vs B (Steinmetz)

Steinmetz Fit: P, =k - F*- Bf
k=1.078e — 05, a =1.564, § =2.266

Flujo Magnético B (mT)

o £
&
& ¥ 1 "’
4B
” ”‘ 7 j/‘ ../‘
o o o~
y 4 y 3 &
v V]
P o el
& » ’)'
e - -" F 3
1 »” ."
. y 4 o~
» e
ul)l 162

@ Data 100.0 kHz
== Fit 100.0 kHz

o Data 200.0 kHz
= = Fit 200.0 kHz

® Data 500.0 kHz
== Fit 500.0 kHz

DIGITALIZE PLOTS

©® Load image

® Introduce graph limits
® Calibrate

® Add curve

® Click along the curve
® Add more curves

@ And more curves!

® Accept and close

O Fitand plot

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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esign Configurationl
Winding Geometry

r Bl
[ MAGNETISIM Fle Edt  Tool Help - o x
General Winding B 20 5 3
Ea Conductor Type: PCB j
12
PCB/Bobbin Geometry n
mn [ et B center B Right 101
Clearance XY [mm]: 0 9
@ Clearance Z [mm]: 0 8
7
Number of Layers: 0
6
Layer Pitch [mm]: 0
D) :
=
Winding Geometry 4
E et B Center Bl Right 3
Nturns: 0 2
Copper Thickness [mm]: 0 !
0
Width of Copper [mm]: 0
-1
Pitch [mm]: 0
-2
Edge [mm: 0
-3
. - -4
Winding Material
Material: Copper j -5
-6
m Magnet + Electrical J“ Thermal
-7
Real Permeability: 1
-8
Imag Permeability: 0 g
Conductivity: 58 0l
-1
-12
101 2 3 4 5 6 7 & 9 10 1M 12 13 14
PExport  TiRefreshPlot O Fit Al
b 4
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Design Configurationl
PCB/Bobbin Geometry

"B MAGNETISIM Fie gt Tool Help - o x]
Ea General Winding B 20 5 3
R e | PCB/Bobbin Geometry
PCB/Bobbin Geometry n I I
M O cener B mgn o [T [T I 7 Clearance XY [mm] 0.5

Clearance XY [mm]: 0.3 9

Clearance Z [mm]

Clearance Z [mm]: 1 8

£ 3

Number of Layers: 5

Number of Layers 5

Layer Pitch [mm]: 0

Layer Pitch [mm]

D

Winding Geometry
E et B Center Bl Right 3

Nturns: 0 2

Copper Thickness [mm]: 0

0
Width of Copper [mm]: 0
-1
Pitch [mm]: 0
-2
Edge [mm]: 0
-3
o : -4
Winding Material
Material: Copper j -3
-6
m Magnet + Electrical J“ Thermal
-7

Real Permeability: 1
Imag Permeability: 0

Conductivity: 58

-1 0 1 2 3 4 5 6 7 8 9 0 1 o1z 13 14

PExport  TiRefreshPlot O Fit Al

[ l

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



Design Configurationl
PCB Configuration Wizard

r ~
M maGNETISIM  Fie  Edt [T Hel P
. . . o
" PCB Wizard
o e PCB Configuration Wizard
General Winding %'  Round Wizard
Ea Conductor Type: PCB &% Harmenic Wizard j 12 PCB ﬁguraﬁon‘l.l'u"l*ard
| | B Con z
PCB/Bobbin Geometry n
= @ L B center Bl fight Y R . L . L PCB Thickness [mmj: 2.1
Clearance XY [mm]: 0.3 9 | |
Number of layers: ]
@ Clearance Z [mm]: 1 B | | Iar
7
b=y ¢ Layer Pitch [mm]: 0.2940
Layer Pitch [mm]: 0 8
D) 5 Copper Thickness [mm]: 0,105
Winding Geometry 4
M Left B center Bl Right 3 Calculate Missing Value
Nturns: 0 2
Copper Thickness [mm]: 0 ! Representative Stackup Plot:
Width of Copper [mm]: 0 0
1
Pitch [mm]: 0
2
Edge [mm]: 0
3
. . -4
Winding Material
Material: Co j 5
3 pper
-6
m Magnet % Electrical & Thermal
7
Real Permeability: 1
-8
Imag Permeability: 0 9
Conductivity: 58 20l L
By
12
4 0 1 2 3 4 5 6 7 & 9 10 11 12 13 14
PExport  TiRefreshPlot O Fit Al
L 4

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)



Design Configurationl

Vector Inputs

"B MAGNETISIM Fie gt Tool Help - o x]
Ea General Winding B 20 5 3
e u)| Eise | PCB/Bobbin Geometry
PCB/Bobbin Geometry n I I
= Qi O cener | B mgn o [T ] I 7 Clearance XY [mm] 0.5
e L {iaa Clearance Z [mm] 1
@ Clearance Z [mm]: 1

Number of Layers: 5

Number of Layers 5
Layer Pitch [mm] 0.294, 0.693, 0.294

Layer Pitch [mm]: 0.294,0.693,0.294

D

Winding Geometry
E et B Center Bl Right

Nturns: 0
Copper Thickness [mm]: 0
Width of Copper [mm]: 0
Pitch [mm]: 0

Edge [mm]: 0

Winding Material

Material: Copper
m Magnet + Electrical J“ Thermal
Real Permeability: 1
Imag Permeability: 0

Conductivity: 58

-1 0 1 2 3 4 5 6 7 8 9 0 1 o1z 13 14

PExport  TiRefreshPlot O Fit Al

[ l
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Design Configuration

Clearance Adjustment

r 3
[ MAGNETISIM Fle Edt  Tool Help - o x
General Winding B 20 5 3
Ea Conductor Type: PCB j

PCB/Bobbin Geometry

PCB/Bobbin Geometry

w Mk O cemer | Bl R Clearance XY [mm] 0.2
GesranceX{mek| 02 Clearance Z [mm] 1
Clearance Z [mm]: 1

& Namberof Layers | 5 Number of Layers 5

Layer Pitch [mm]: 0.294,0.693,0.294

D

Layer Pitch [mm] 0.294, 0.693, 0.294

Winding Geometry
E et B Center Bl Right

Nturns: 44223

Copper Thickness [mm]:  0.105

Width of Copper [mm]:  1,1,2.3,2.3,143

Pitch [mm]: 0.3

Edge [mm]: 0

Winding Material

Material: Copper j
m Magnet + Electrical J“ Thermal
Real Permeability: 1
Imag Permeability: 0

Conductivity: 58

PExport  TiRefreshPlot O Fit Al

[ l
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Design Configurationl

3D Viewer Options

r Bl
M MAGNETISIM File Edit  Tool Help s
General Winding B 20 9 30
Ea Conductor Type: PCB j
PCB/Bobbin Geometry
% [ et B center Bl right
Clearance XY [mm]: 0.2 T FitAl = T
@ Clearance Z [mm]: 1 ’ Export » ﬂ Front
Number of Layers: 5 g Bioht
> _ -
Layer Pitch [mm]: 0.294,0.693,0.294 o 'U " = n
n lew 0 lsometric
Winding Geometry
E et B Center Bl Right :n: . @ _I_
Nturns: 44223 F I t Al | p
Copper Thickness [mm]:  0.105
Width of Copper [mm]:  1,1,2.32.3143 ' E{ Dl"t F E Frﬂ'ﬂt
Pitch [mm]: 03 p
Edge [mm]: 0 E H. . h t
Winding Material
Material: Copper j w E_
m Magnet % Electrical & Thermal Gttﬂ
Real Permeability: 1
Imag Permeability: 0
Conductivity: 58
PExport  TiRefreshPlot O Fit Al
b d
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Design Configurationl

Save the Design

4 |
M maGNETISIM [ Fsic  Too  Help - o x
[® MNew Ctrl+N
Ea Core Geo 1573 Open Core Geometry Configuration Ctrl+0, C B 20 O 3o
Manufactur Open Core Material Configuration Ctrl+0, M
Geometry ( B Open Winding Configuration Ctrl+0, W
wy [ Open Winding Material Configuration  Ctrl+0, L
m Crzliliz B  OpenWorkspace Ctrl+0, A
A [mml: %  Open Setup... >
[E Save Core Geometry Configuration Ctrl+5, C
B [mm]:
[E  Save Core Material Configuration Ctrl+5, M
Bplmml:  [Z] Save Winding Geometry Configuration  Ctrl+5, W
[E  Save Winding Material Configuration Ctrl+5, L
Save Works pace Save Workspace Ctrl+S, A
ave Setup. r
[E  saveSetup
Dimm: [# Exit Ctrl+Shift+E
E [mm]: 37
F [mm]: 149.0
G [mm]: 19.0
Gap [mm: 025 |
Core Material
Material: Edge 26 j
M Magnet & Power Loss > Electrill
Real Permeability: =~ 26
Imag Permeability: 0
Conductivity: 200
Pexport T RefreshPlot O Fit All
h 4
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"Ml MAGNETISIM Fie Edit  Tool Help

Ea {3 General M Convergence G MNominal Solver % ac Sweep
Name Simulation ~ MAGNETISIM_file
@ Magnetic Field Simulation
W D Electric Field Simulation
mn
D Thermal Simulation
IGNETISIM File  Edit Tool Help
£ General ™M Convergence S MNominal Solver % ac Sweep
Magnetic Field Simulation
m Max Error [3%6]:  1e-08
Electric Field Simulation
Max Error [%]: 1e-03
Max Number of Passes: 1
Thermal Simulation
Max Error [%]: 1
Max Number of Passes: |
IGNETISIM File  Edit Tool Help
£ General M Convergence S Mominal Solver % ac Sweep

Magnetic Field Simulation

[> Run Simulation

[> Run Simulation

[> Run Simulation

Mominal Frequency [kHz]: | 350

Electric Field Simulation
MNominal Frequency [kHz]: 100
Thermal Simulation
Sim Type: aMN
Ambient Tempereature [*: 20

Air Velocity [m/s]: 0

X

~

Simulation Setupl

i 3
B MAGNETISIM Fle Edit Tool Help — o x
E; & General [ Convergence @ Nominal Solver 05 ACSweep. [> RunSimulation
Select AC Sweep Type: Waveform j
Waveform: Square j
Number of Harmenics: [ 10 ‘

LOJE 1

)

Actual Waveform and Harmonic Creation

T
1.0 FA o ) —— Actual Waveform
d T~ =7 T .
i 'l === Harmonics
1
i 1
o 05 i 1
=l
£l
2 0.0+ '
o 1
3 | i
—0.51 i 1
1 1
1 1
il PSS PP
=10 g = = = AW
0.0 0.5 1.0 15 20 25 3.0
Time (us)

AC Sweep

Select AC Sweep Type

Waveform

Waveform

Square

Number of Harmonics

10
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Simulation Setupl

Harmonic Wizard (l)

’
[ mAGNETISIM  File gt [EETN e i ]

Ed

B' PCBWizard

£ General D & RoundWizard

Waveform Cenfiguration

Time Domain Signal (Superposition)

Harmonic Wizard
Select AC Sweep Type: Waveform . 5 j
fype: | Square 40 | s |deal Waveform
Sim 5 Type: List
im Sweep Type: i Nominal Freq. 350,00 kHz j —— Reconstructed

Vector of Frequencies [kHzl: 13,5 204

Peak Voltage: 40,00V j
@ Include Nominal Frequency

_20 -
Duty Cycle: 40,00 % j

m
Num. Harmonics: W. 01
F eform Plot: f : a
@ requency/Waveform Simulation Frequency —:l

—40 4

Frequency Spectrum (6 Harmonics)

50 A >
i
50 100 150 200 250

Frequency [kHz] 40
30 4
204
10 I

0+ ] T
T T T T T T T
500 750 1000 1250 1500 1750 2000
kHz

Frequencies (kHz):
350.80, 700.00, 1050.80, 1480.80, 1750.08, 2100.80
Peak Amplitudes (V):

48.4394, 14.9614, 9.9856, 12.1868, ©.8888, B.8753

Close
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Simulation Setupl

Also add: 1,10,100,150 Harmonic Wizard (Il)

r
- MAGNETISIM  File Edit T Help Harmonic Wizard
& Genenl M cer Ence % Mominal Solver & AC Sweep [> Run Simulation Waveform Configuration
Ea Time Domain Signal (Superposition)
Select AC Sweep Type: Fr. Range Wavef | 5 j
s . aveforn ypes | Square a0 4 m— |deal Waveform
im Swee| = List
P lype: ! Nominal Freq.: 350,00 kHz j Reconstructed
mn Vector of Frequencies [kHz]: 1, 10, 50, 100, 150, 350.00, 700,00, 1050.00, 1400.00, 1750.00, 2100.00 20 4
Peak Voltage: 40,00V j
D Include Nominal Frequency 4
Frequency/Waveform Plot: . Num. Harmonics: 'E harmonics :l 07
@ S : “ion Frequency -  J
T
_20 4
'Y X ] . 'Y Duty Cycle: 40,00 % j
20 4 AN NV AN AN NIV AN
N B (VAR v Y Y\
T T T T T T
0 1 2 3 4 5
us
Frequency Spectrum (6 Harmonics)
50 A >
T
0 500 1000
Frequency [kHz] 40
30 4
204
10 I
0+ ] T
T T T T T T T
500 750 1000 1250 1500 1750 2000
kHz
Frequencies (kHz):
356.86, 780.80, 18508.88, 1480.88, 1750.88, 2188.68
Peak Amplitudes (V):
48.4394, 14.9614, 9.985@, 12.1868, @.80888, 8.8753
Close
b L )
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Run Magnet Simulationl

r A
[M] MAGNETISIM File FEdit Tool Hep — o x

3 Lk General [ Convergence S MNominal Solver 4 ac Sweep [> RunSimulation

m

Magnetic Field Simulation

Run Magnet

Running Simulations
Finished Si i 8 / Total Sii i 50
Time left: 76.37 / Total estimated time: 90.91

O 1%

Electric Field Simulation

© 3

D

Thermal Simulation
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Results Postprocessingl

Matrix Viewer

r 3
[ MAGNETISIM Fle Edt  Tool Help - o x

Ea Winding Expression [Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer

Matrix Results
Visualizer Mode:

Matrix @ Freq j

Selected Frequency:

350.00 kHz

L

Matrix Type:

£ 3

z

Lo

Units:

Ohm

D

L

N Decimals:

LL

wi w2 w3 wi w3
wi (0.17+4.68)) (0.13+4.55) (0.06+2.15)) (D.06+2.7)) (0.09+3.08))

w2 (0.13+4.55) (0.17+46)) (0.07+2.17)) (0.06+2.12)) | (0.09+3.09])

w3 (0.06+2.15) (0.07+2.17)) (0.04+1.11]) (0.03+1.08) (0.05+1.58))
FasaaaW Faaaaa™ Faaaaa® Fas s et Faa s aat
wl w2 w3 wd ws wa (0.06+21) (0.06+2.12)) (0.03+1.08) (0.04+1.1)  (0.05+1.6])
w5 (0.00+3.06)) (0.09+3.08)) (0.05-158)) (0.05+1.6) (0.09+2.44))
Export CSV  SPICESiM Gen
. 4
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Results Postprocessingl

Winding Connections

r 3
[ MAGNETISIM Fle Edt  Tool Help - o x

Ea Winding Expression [Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer

Matrix Results
Visualizer Mode:

Matrix @ Freq j

Selected Frequency:

350.00 kHz

L

Matrix Type:

£ 3

z

Lo

Units:

Ohm

D
Lo

N Decimals:

LL

wi w2 w3 wi w3
wl (D17+4.68) (0.13+4.55) (0.06+2.15] (D.06+2.1j) (0.09+3.06))
w2 (0.13+4.55) (0.17+46)) (0.07+2.17)) (0.06+2.12)) | (0.09+3.09])
w3 (0.06+2.15)) (0.07+2.17)) (0.04+1.17j) (0.03+1.08)) (0.05+1.58))
Faasaa® Fas s a® FaassaW
= p = wid | (0.06+2.1)) (0.06+2.12)) (0.03+1.08)) (0.04+1.1)) (0.05+1.6))
& Define a Series connection

1 Define a Parallel connection

w5 (0.09+3.06) (0.00+3.09)) (0.05+1.58] (0.05+16)) (0.09+2.44)

Export (5V  SPICESIM Gen
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r
-HAGNETISIM File  Edit  Tool  Help

Winding Expression [Z] Matrix Viewer
Ea Matrix Results
et Visualizer Mode:
wv Matrix @ Freq
m Selected Frequency:
350.00 kHz
@ Matrix Type:
L
Units:
m uH
- N Decimals:
2
w3
w3 0.51
(o) [ [ =
w3 wd w5
w3 072
(w1+w2) 197

Results Postprocessing

= a
Circuit Viewer @ Power Loss Viewer
wi w3 (w1+w2)
0.4% 0.72 197
0.5 0.73 192
0.73 11 28
1.92 28 836

Export (5V  SPICESIM Gen

Matrix View @ Frequency

[Z] Matrix Viewer

Matrix Results
Visualizer Mode:

Matrix @ Freq

Selected Frequency:
350.00 kHz
Matrix Type:
R
Units:
Ohm
N Decimals:
2
w3
w3 0.04
wd 0.03
w3 0.05
(wi+w2) 013

Circuit Viewer

w4

0.03

0.04

0.05

013

w3

0.05

0.05

0.09

0.19

@ Power Loss Viewer

(wi1+w2)
013
013
0.19

0.61

Export CSV

= o X

LL Lo Ll e

SPICESiM Gen
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r
-HAGNETISIM File  Edit  Tool  Help

3 Winding Expression [Z] Matrix Viewer

m

Matrix Results

Circuit Viewer

Results Postprocessingl

Matrix View vs Frequency

= a X = o X

@ Power Loss Viewer [Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer

Matrix Results

Visualizer Mode: Visualizer Mode:
Matrix vs Freq j Matrix vs Freg j
g
m Matrix Type: Matrix Type:
Lmag j Lik j
@ Units: Units:
uH j uH j
Lmag_11 Lmag_4 4 Lik_11 L4 4
m Lmag_2_2 Llk2_2
=" Lmag_3_3 g Lk 33 g
Faagsaa™ Fasaea™ Faagaa™ \
w3 wd w5 0.70
— [mag 44 \ — 44
8.0
A 0.69
(wisw2)
75 0.68
5 I
= 2
= \ = 067
E =
7.0
\ 0.66
6.5
\ 065
0.64
6.0

[

™ ™

Freq [Hz] (x1e+06) Freq [Hz] (x1e+06)
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Results Postprocessingl
— MAGNETISIM (2D) — Ansys (3D) MAGNETISIM vs Ansys

8.0

7.8 ——

7.6 -- < -9

7.4 4
7.2
7.0 7

6.8 1

L inductance [pH]

6.6 1

6.4 1

6.2

10° 2 x 10° 3 x 10° 4% 10° 6 x 10° 108
Frequency [Hz|

—
o

Resistance [Q]

X Ldglk’—_‘/

6 X 105 106

0 a) a N - — e e e
108 2 x 10° 3 x 10° 4 % 10°

Frequency [Hz|

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) EEJ



Results Postprocessingl
— MAGNETISIM (2D) — Ansys (3D) — Experimental MAGNETISIM vs Prototype

8.0

* . —— —e— o o A

7.8 ——

7.6 -- ° -9

7.4 4
7.2
7.0 7

6.8 1

L inductance [pH]

6.6 1

6.4 1

6.2

10° 2 x 10° 3 x 10° 4% 10° 6 x 10° 108
Frequency [Hz|

—
)

Resistance (]
»

Frequency [Hz]
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E

A. Ferrer Lopez and A. Delgado Expdsito, "Methodology for the Design of a Planar Transformer
for an Active Clamp Flyback Converter," in Proc. 32nd Annual Seminar on Automation, Industrial

Electronics and Instrumentation (SAAEI 2025), Aranjuez, Spain, Jul. 2025.

PERMEABILITY MEASUREMENT

Nl
Al B

R =
A - Poly

= Force flux direction

= Equivalent reluctance model

= Permeability extraction

Ly @ p, = 26

Simulation ® 7.87 uH
Measurement (u,=20) 6.26 pH
+26% error

Ly @ p, = 20

Simulation m 6.77 uH
Measurement 6.26 pH
+8% error

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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Results Postprocessingl

— MAGNETISIM (2D) — Ansys (3D) — Experimental MAGNETISIM vs Ansys

6.9

6.8 1 * e N . . — o 4_‘_‘_~’§0‘..\‘\‘\‘\
E:L 6.7
= 4%
D)
(W]
g 6.6
< 4
) —e— °
- ' ~ ——
5 657
=
L o : . .
o4 4% =191 ‘ Material characterization!

6 3 _ e e el PR SRS

6.2 : : - - - - - -

109 2 x 10° 3 % 10° 4% 10° 6 x 10° 106
Frequency |[Hz|
S W
[45)
Q
% 5— %
~+~
n
B!
Q
Q': 0 S o e e o e— e —— —— - - - il - +
10° 2 % 10° 3 % 10° 4% 10° 6 x 10° 106

Frequency [Hz]
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Results Postprocessingl
SPICESIM ()

r |
[ MAGNETISIM Fle Edt  Tool Help - o x '
Success
Winding Expression [Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer . . . . . .
Ea Matrix Results SPICESiM model "MAGNETISIM_AM26" for LTSpice saved successfully in:
atrix Resul
Reset e e D:/OneDrive - Universidad Politécnica de Madrid/04. Projects/
it @ e | 2026_MAGNETISiM/07_Doc/AnnualMeeting2026/DataNeeded
m Selected Frequency:
0K
350.00 kHz j
@ Matrix Type: - -
R j @ Figure 1 - [u}
Units:
m Ohm j Z FEA vs Z SPICESIM
-t N Decimals: Mag |Zu| Mag |Z1;| Mag |Z3s] Mag |Z1a]
: 1y
—— Z original * 10! 5
2 :I 100 4 Z Fitted 100 100
g g g g 10°%
N N 107! N 1071 4 N
w3 wd wi (wil+w2) 107 4 1071 4
102 102 4
w3 0.04 0.03 005 013 10724 10-2
107 104 10° 108 107 10* 10° 108 103 10% 10° 108 103 104 10° 108
[m] [m] [MJ wd 003 0.04 0.05 0.13 Freq (Hz) Freq (Hz) Freq (Hz) Freq (Hz)
w3 wd w5
w5 005 005009 019 Mag |Zx| Mag |Z5| - Mag |Z5;| Mag |Z5|
101 4
(wi+w2} 013 013 019 0.61 10° 5 10° 100 5
N 10703 N 10-1 N 107! 4 N
1071 4
10725 -2 ]
_ 10
T T T T 074 T T T T T T r 1072 %7 T T T
10°  10° 105  10° 100 104 10° 108 100 10¢ 105 108 10° 10° 105 10°
Freq (Hz) Freq (Hz) Freq (Hz) Freq (Hz)
Mag |Z3 | Mag |Zs,| Mag |Z55| Mag |Zs4|
10! 4 10! 1
10
10! 4
100 5 100 .
g g g g 1004
N 10715 N 1071 N N
1071 5 1071 4
1072 4 1072
107 104 10° 108 107 10* 10° 108 103 10% 10° 108 103 104 10° 108
Freq (Hz) Freq (Hz) Freq (Hz) Freq (Hz)
Mag |Za| Mag |Z4| Mag |Z.3] Mag |Zss]
102 4
1014 10! 10! 4
1]
g 109 g w g 1] g ”
N N N N gl
-1] -1
SPICESIM Gen 10 10 107
10244 . - : 1072 4 : . . ; . . . S . . .
10°  10° 105 10° 100 104 10° 108 10° 104  10° 108 10°  10° 105 10°
Freq (Hz) Freq (Hz) Freq (Hz) Freq (Hz)
b d
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Results Postprocessing
SPICESIM (1)

LTspice - MAGMETISIM_AMZ26.asc

File Edit Hierarchy View Simulate Tools Window Help

CADHSSDP I NERBQQAATA LSO i3 vt t OV 7] N

4, MAGNETISM_AM26.3sc  §¥ MAGNETISIM_AM26 raw

----------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P e * ACanalysis
= Transient analysis

¥, MAGNETISIM_AM26.asc = B |
MAGNETISIM_AM26
R3 R2
30 25
MAPPING: R1
P1: w3 10
P2: w4
P3: w5 =
P4: (wl+w2) tp—P4
v1
SINE(O 40 350k 0 0 0 0)
P
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Results Postprocessingl

Circuit Viewer (I)

1 [’9 LTspice - MAGMETISIM_AM26.rav — (m} LTspice - MAGNETISIM_AM26.raw
File VWiew Plot Settings  Simulation Tools findow Help File View PlotSettings Simulation Tools Window Help
[Z] Matrix Viewer Circuit Viewer @  Power Loss Viewer
Lo [ OO e o ] [ O3 A o
o e CATHESIDNNBRAQABS SATHESIDNNBERAQAASS
Frequency: 4, MAGNETISIM_AM26.asc 3o MAGNETISIM_AM26 raw 4, MAGNETISM_AM26.asc 12 MAGNETISIM_AM26 raw
350.00 kHz L 1 MAGNETISIM_AM26.raw == EoR(=")
'V[nUUn
. Winding Conf.  Excitation Type Valwe e
1 w3 r ~|30 : :
2 wd r «s VoA RRRRERE tly (Rt SRR ARREAR Srd tRRRRR hl trhRbbil Sl Sk ti S e
ER r | Bl MAGNETISIM_AM26.raw * I R O O [&r m,
4 T+ w2) R - | e et T 1L B Al SEEREEE CREES SREREEE tEEEE EEREEEE REEE EEREER! EEEES Ri Cursor 1
[FLecr Y be(U1 up_P4) : Vin00T)
| Horz: | [ETTRERPELE Ve[ 2.22497514 - AR Rl Tkl it Wb el o " Horz:|  6.7007284ms Ver:|  9.3843007V
Cursprz L~ by N ] _ Cursor 2
| - wA- [ —wa- (-t N (NN YRR - T T
Diff (Cursor2 - Cursor1) Diff {CursorZ - Cursar1)
| —na- [
[ — NfA- [ e ¥ R ahittl ¥ AERSEEEETE ¥ SEEEEEERSL \F SESEREES
T T
Run Circuit Sim
% (=== 1 [= ===
. v Mag(V) Phase(V) 1 Mag(l) Phase(l) MAGHNETISIM_AM26 MAGHNETISIM_AM26
up—P up—P2 up—Pt up—P2
w3  9427+0271) 9431 1.649 | 0.314+0.009; 0.314 1.649
R2 R2 R2 R2
4 9.176+0.361 9.183 225  0.367+0.014) 0367 2.256
w. i U o ] 30 25 30 25
w5 13.428+0.654] 13.444 2786 1.343+0.063) 1.34 2,786 v N1 un—P2- — V1 n—P2-
wi  20.080-0.053j = 20.090 -0.152 | -0.536-2.195) 2260 | -103.714
R1 R1
w2 19.910+0.053; 19.910 0153 -0.536-2.195) 2260 | -103.714 MAPPING: MAPPING:
P1: w3 10 P1: w3 10
P2: w4 P2: w4
P3: w5 P3: w5
P4: (wl+w32) P4 P4: (wl+w?2) up—P+
V1 V1
SINE(O 40 350k 0 0 0 0) SINE(0 40 350k 0 0 0 0)
R “tran 0.01 -tran 0.01
x = 6.70881ms y =-0.918A x = 6.68843ms y =-6.09V
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Results Postprocessingl

Circuit Viewer (I1)

e X femm - IMAGH

[Z] Matrix Viewer Circuit Viewer @) Eorslesios > File Edit Zoom View Operation PlotX-¥ Integrate Window Help - 8 x

Circuit Results D'@l IT.-"lll hlfl%l |||'\|

Frequency:

350.00 kHz j 1.850e-002 : >1.948e-002
1.753e-002 : 1.850e-002

. Winding Conf.  Excitation Type Value 1.656e-002 : 1.753e-002

1 w3 r ~|30 1.559e-002 : 1.656e-002
= . |25 1.461e-002 : 1.559e-002
1.364e-002 : 1.461e-002
1.267e-002 : 1.364e-002
4 (wl+w2) v ~|40 ] 1.169e-002 : 1.267e-002
1.072e-002 : 1.169e-002
9.747e-003 : 1.072e-002
8.774e-003 : 9.747e-003
7.801e-003 : 8.774e-003
6.828e-003 : 7.801e-003
5.855e-003 : 6.828e-003
4.882e-003 : 5.855e-003
! I 3.909e-003 : 4.882e-003
o Circare i 2.936e-003 : 3.909e-003
B 1.963e-003 : 2.936e-003
9.905e-004 : 1.963e-003
. v Mag(V) Phase(V) 1 Mag(l) Phase() |E] <1.748e-005 : 9.905e-004

w3 0427-0.271) 0431 1649 0314-0.009 0314 15649 Density Plot: |B|, Tesla

3 wh r ~|10

wd  9.176+0.361) 9183 2256 0.367+0.014) 0367 2.256
w5 13.428+0.654) 1344 2786 1.343+0.063] 134 2,786
wi  20.080-0.053j = 20.090 -0.152 | -0.536-2.195) 2260 | -103.714

w2 19.910+0.053) 19.910 0153 -0.536-2.195) 2260 | -103.714

e e™  Run FEA Simulation

_E WAGNETISIM_file350000.0fem 7> MAGNETISIM_file350000.0.ans
| \Feady A
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Circuit Viewer vs SPICESIM
MAGNETISIM vs Ansys

(a@) Theoretical vs (d) SPICESIM vs (e) Prototype (b) MAGNETISIM analytical (c) MAGNETISIM simulation

Circuit Results g femm-[MAGNﬁs.M_ﬁleisoomoM;] — o X
Frequency: ' File Edit Zoom View Operaion PlotX-Y Integrate Window Help - &%
. . . B E]P=3 o /. NE~N
Primary voltage (excitation, v;) o 4 Dla| [+ /|x| £1513] [~ SISIN|
" . z 5:1‘ 4.620-003 : >4.862e-003
- — = 4,3776-003 : 4.620e-003
E - | Ed 4.134e-003 : 4.377e-003
] T \ | Winding Conf.  Excitation Ty Value | 3.891e-003 : 4.134e-003
/ R | ng ype 3.648-003 : 3.891e-003

3.405e-003 : 3.648e-003
3.162e-003 : 3.405e-003
2.919e-003 : 3.162e-003
2.676e-003 : 2.919e-003
2.433e-003 : 2.676e-003
2.191e-003 : 2.433e-003
1.948e-003 : 2.191e-003
1.705e-003 : 1.948e-003
1.462e-003 : 1.705e-003
1.219e-003 : 1.462e-003
9.760e-004 : 1.219e-003
7.331e-004 : 9.760e-004
4.902e-004 : 7.331e-004

2.473e-004 : 4.902e-004
0l B <a 2anns - 5 473000a il

_: \ ] 1 w3 i ~lo
& // CONC N . o
Y : \ - . o

1 :\ / 4 (wl+w2) v |10

=5 -: | \ Run Circuit Sim
. | NG //

Voltage [V]
(e}
/7
N

= o]l plEMle

~10 1 ‘ | N
e e e e LA T s E e e e e e e N NN S m p e m e v Mag(V) Phase(V) 1 Mag(l) Phase(l)
0.0 0.5 1.0 1.5 2.0 2.5 23550008 2355 | 0185  0.000+0.000j| 0000  0.000
Time [IIS] wd 2293+0007) 2293 0170  0.000-0.000; 0000  0.000
w5 3351+0.009 3351 0158 0.00D-0.000) 0.000  0.000
Secondary VOltage (OUtPUta Uo) wi 5022-00007 5022 D001 0.018-0542 0542  -88.087

. w2 4978+0.000 4578 0001 0.018-054%) 0542 -82.087 | WAGNETISN e300 0fem 2 waGNETISM fesso0000ane | —

B e SRR -
/< B Source Value [V] Deviation
(a) Theoretical 2.50 1.11
_ | | (b) MAGNETISIM analytical 2.36 1.05
e (c) MAGNETISIM simulation 2.36 1.05
(
(

Voltage [V]
o
K
/
\

Time [ps] d) SPICESIM (LTspice) 2.30 1.02
e) Prototype 2.25 1.00

=== Theoretical —-= SPICE Experimental
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Results Postprocessingl

Power Loss Viewer (I)

l N - - e
— n] X — n] X W._‘-::i—‘.‘:—:-: M26.rav — (]
File View PlotSettings Simulation Tools Window Help
[Z] Matrix Viewer Circuit Viewer & Power Loss Viewer [Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer L ome | 0 -
CADHSTOIDPITEBRAQAGABS
Power Loss Results Power Loss Results
Frequency: Frequency: 1, MAGNETISM_AMZ6.asc el MAGNETISIM_AMZ6 raw
350,00 kHz j 350,00 kHz j fad [= = =]
V(NOOTY Ix{U1:up_P1)+V(N0O2)*Ix{U1:up_P2)+V(NOOI) Ix(U1:up_P3)}+V(N0O4)Ix(U1:up_P4)
. Winding Conf.  Excitation Type Value . Winding Conf.  Excitation Type Value : : : : : :
1 wl r *|30 1 w3 r -| 30 {
2w r ML 23w r M 1T
3 wd r ~|10 3 wh r |10 I 4]
4 (wlew2) v ~| 40 4 (wlswd) v «fo2 L aw=-3--4-

H __________ Interval Start: 6.688ms : U .

: | Interval End: 6.714ms | : :
Integral: 47.723p) [
1 - ===

[y [ [ -~ —

up—Pi up—P2
wi -5.323375+22.068012) wi -5.323375+22.068012]
R3 R2
w2 -5.39185+21.841592) w2 -5.301885+21.841502] 20 25
w3 1.482402+0.000000j w3 1482402+ 0.000000j
P n—Pr——
wi 1.686465+ 0.000000j wd 1.686466+0.000000]
R1
w5 9.036430+0.000000; w5 9.036480-+0.000000) MAPPING:
P1: w3 10
Total Winding Loss 1490088 Total Winding Loss 1.400088 P2: w4
P3: w5 -
Bpk (mT) 11.597169 Bpk (mT) 11.600226 P4: (wl+w2) up—P4
Core Loss 0186964 Core Loss 0.187076 vi
SINE(D 40 350k 0 0 0 0)
Export to CSV Sy tran 0.01
p p Right-Click to edit expression. Control-Left-Click to integrate. Alt-Left-Cli
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Harmonic Wizard

‘Waveform Configuration

Results Postprocessingl

Time Domain Signal (Superposition)

Waveform type:  Square
40 4

Nominal Freq.: 350,00 kHz

20 4

Peak Voltage: 4000V

MNum. Harmonics:  § harmonics

_20 -
Duty Cycle: 40,00 %

L bbb

AN . NERYAN

w |deal Waveform
—— Reconstructed

ANV . NERVAN

—40 1

v Y YV

v oY YV

0 1 2

Frequency Spectrum (6 Harmonics)

3 4 5
us

50 A
40 A
30 4

20 4

10 ~ I
04

T T T
500 750 1000

Frequencies (kHz):
350@.08, 700.00, lese.ee, 1466.86, 17508.80, 2186.00

Peak Amplitudes (V):

T T T
1250 1500 1750
kHz

[ 48.4394, 14.

Power Loss Viewer (I1)

~
= o x
[Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer
Power Loss Results
Frequency:
All j
. Winding Conf.  Excitation Type Value
1 w3 j 30
2 wd j 25
3w j 10
4 (wlswd) J 0,0,0,0,0,48.4394, 14.9674, 9.9850, 12.1068, 0.0080, 8.0733
Analytical Power Loss  Simulate Power Loss
Power Loss (W) @ 350.00 kHz Power Loss (W) @ 700.00 kHz Power Loss (W) @ 1050.00 kHz Power Loss (W) @ 1400.00 kHz Pow
-7.806648+32.362401) -0.754745+1.600616) -0.333313+0.502528) -0.489376+0.595000;
-7.907117+32.030360j -0.764599+1.577978j -0.339874+0.492513 -0.496377+0.579024j
2.173919+0.000000] 0.206952+0.000000j 0.091788+0.000000j 0.134093+0.000000]
2473177-0.000000j 0.235499+0.000000j 0.104477+0.000000j 0.152657-+0.000000;
w3 13.251860+ 0.000000j 1.262617+0.000000j 0.560640+0.000000j 0.820025-0.000000j
Total Winding Loss 2185191 0.185724 0.081718 0.121022
Bpk (mT) 14.043997 2174002 0.970602 0.886722
Core Loss 0.288503 0.012445 0.003774 0.004822
Export to CSV
d
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Results Postprocessingl

Power Loss Viewer (1)

-
4

o X

File View PlotSettings Simulstion Tools Window Help

[Z] Matrix Viewer Circuit Viewer @ Power Loss Viewer

i M & TEBQAQRAQEE
O & o = D + @ Power Loss Results
1, MAGNETISM_AM26.asc ¥ MAGNETISIM_AM26 raw Frequency:
All j
Fad = [=3][=
V(NOOT) 1x(U1:up_P1+V{NOOZY Ix{U1:up_P2)=V(NOO3) Ix(U1:up_P3)+V{NOO4) Ix{U1:up_P4]
V(NOOT)"Ix(U1:up_P1)+V(NOO2)'Ix(U1:up_P2}+V(N0O3)"Ix{U:up_P3}+V(NOO4)Ix(U1:up_P4) . Winnking Cont| | Excitation Type Value
1 w3 v j 30
2 wd v j 25
3w v j 10
4 (wlvw2) v j 0,0,0,0,0,48.4394, 14,9614, 9.9850, 12.1068, 0.0080, 8.0753
Waveform: V{NOO T *be(U T:up_P1)..
Interval Start:
! ! g Interval End: 8.12ms o ! !
Average: Analytical Power Loss  Simulate Power Loss
Integral: 1.8685mJ
1 o= =
MAGNETISIM_AM26 -z Power Loss (W) @ 350.00 kHz Power Loss (W) @ 700.00 kHz Power Loss (W) @ 1050.00 kHz Power Loss (W) @ 1400.00 kHz Pow
TR el wi -7.806648+32,362401] -0.754745+1,600616) -0.335313+0.502528) -0.489376+0.595000)
R2
R3 o w2 -7.907117+32.030360j -0.764500+1,577978] -0.330874+0.492513] -0.496377+0.579024j
30
. o w3 2.173919+0.000000 0.206952+ 0.000000] 0.091788-+0.000000j 0.134093+0.000000j
Lvg P+ —P2- ~7
wi 2.473177-0.000000j 0.235499+0.000000) 0.104477+0.000000j 0.152657+0.000000]
V4 " " " "
MAPPING: R1 0 w5 13.251860+0.000000) 1.262617+0.000000) 0.560640-+0.000000] 0.820025-0.000000j
P1: w3 10
. Total Winding L 2185191 0.185724 0.081718 0.121022
ﬁ%- W‘; SHIE(D 10 1.05Meg 0 0 0 0) LR
W -
P4: (wi+w2) I 0 Bpk (mT) 14.043097 2174002 0.970602 0.886722
L | SRE(D 15 700k 0 0 0 0) Core Loss 0.288503 0.012445 0.003774 0.004822
P 1 7 SINE(D 48 350k 0 0 0 0)
.tran 0.01 é Export to CSV

Right-Click to edit expression. Control-Left-Click to integrate. Alt-Left-Cli
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And That's a Wrap

= Roadmap
= Where to Find Us
= The Team




MAGNETISIM Roadmap |
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/ \J

CAPACITISIM

2D & 3D Electrical Automatic
Thermal Field PCB Winding
Simulation Analyzer Generation
. EXPERTISIM e ANN for Bobbin
Magnetic Ay Thermal 3D-File
Design (S Analysis ‘é = Generation
) Rl | (S
\ /4
- S S
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Documentationl

v - Full Documentation to Help Y X + = fa ] %

€ C 2%  https//www.magnetisim.com/documentation v

[-] MAG N ETI Si M Download Blog Documentation v Get Involved ~ About Us

Documentation

All'you need to know to use MAGNETISIM

All the resources, 13 3 2
in the Same place MANUALS PAPERS USE-CASES

&
TUTORIALS

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) [E]
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Platform Dowloadl

v [M Download MAGNETISIM | MAC X =+ = o X

< »  C 25 httpsy//www.magnetisim.com/download w

[-] M AG N ETI Si M Download Blog Documentation v Get Involved ~ About Us

Download

Get access to thelatest platform version

Current stable version: 1.0.0

Windows only — for now.

CoNY ) |

MAGNETISiM: Power Platform for Magnetic Components Design (AM26) [E]
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The Teaml

Alberto Vital Pagola

alberto.vital@upm.es

CEIMM-UPM E E
Madrid, Spain I

Alberto Delgado OR =y
a.delgado@upm.es

CEIMM-UPM ..
Madrid, Spain magnetisim.com

MAGNETISiM: Power Platform for Magnetic Components Design (AM26)
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The Real Team

Adrian
Model Preparation and
Thermal Elmer Simulation

Sirio
Electromagnetic Elmer
2D/3D Simulation

Alessio

Electromagnetic Elmer
2D/3D Simulation

Daniel

Artificial Neural Networks
for Thermal Analysis

Jesus

Project Consulting and
Expert Bug Finder 3000

Santiago
Core Power Loss Modeling
and FEMM Simulation
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