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O cem se bavime?
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Trendy ve vykonové elektronice v Automotive

Vykonnéjsi palubni ménice
= Mensi rozmeéry a hmotnost, pri zachovani nebo zvyseni vykonu

Navysovani spinaci frekvence
= DC/DC meénice > 400 kHz
= Stridace > 20 kHz

vvvvvv

J"I Pocet spinanych prvkii

Napéti palubni sité Komplikovanéjsi rizeni

> 800V DC = \/yssi naroky na bezpecnost
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Vyvoj spinaci frekvence ve vykonové elektronice v automotive

kHz
500 450 kHz

400
Zavedeni SiC a GaN

transistord

2014 2016 2018 2020 2022 2024

300

200

Spinaci frekvence

100
50

v
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40 kVA, 50 Hz

Celkova hmotnost: 190 kg
Med: 56 kg
Objem: ~103.000 cm?

Priklad: Trafo Modern, Model ETF40

Frekvence a transformator

40 cm
100
kHz
46 cm 15 cm

2000 x zvysim frekvenci

~96 %  nizsi vaha
96 %  méné medi
97 %  mensi objem

13 cm

15 cm

:
;
:
£
:

Zdroj: Wikipedia

42 kVA, 100 kHz

Celkova hmotnost: 6,6 kg
Med: 2,2 kg
Objem: ~2.900 cm’

Priklad: Tauscher Transformatoren,

Model UU 93/152/90
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Rlzné urovné vykonu

Marinus Link: 750 MW high-voltage DC
converter station

Zdroj: Hitachi Energy

= Nejdulezitgjsi je ucinnost = Malé rozmeéry
= Rozmeéry nejsou moc dulezité = Nizké vyrobni naklady
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Spinaci frekvence ménicu a invertoru

Pocet spinacu

a

300

%

60

/

Invertory vétrnych elektraren

36

/ Primyslovy FV invertor

18

— DC/DC rezonancni
menic

12

IR RE IR ERER T
10

1 2 5 20 50 100 200 500 kHz
Spinaci frekvence
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Modelovani elektrickych obvodu

Schéma zapojeni

iy
o—»—Illl |
—h.. i )
‘ Vi Ig Ic
I

Vi R C—
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i-m._l_r
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T Vo
I I Discrete
" powergui
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LIBRARY MODELING APPS SUBSYSTEM BLOCK

Electrical Power Systems Simulation (EPSS) el - 5

ew Library Signal 7| Locked
~ = Print Browser Table Library
FILE LIBRARY PREPARE PROTECT ANNOTATION

Model Port Blocks dSPACE FPGA

sps_lib ez
;ps_hb » hd !
—AAA— +
—wanri 3
‘Sources

Power Electronics. El

= Topologicky orientované modelovani

lectrical Machines

= Knihovna Simscape Electrical Specialized Power Systems h :
6

q N
LERARY Power Grid Elements. Sensors and Measursments Contral Utilities.

= Moznost generovat Real-time kod S o

w! |

OFEEE®S|e |4

> B Pint v Electrical Power Sy
g;“ Copyright 1997-2020 Hydro-Quebec and The MathWorks,
Continuaus Inc.
Model Port Blocks
<« @ P @ powergui Model electrical power systems using specialized
Ve 7 N components
© and alaorithms
eCcha omezeni >
e
Ready 100%
55 Series RLC Brang - — T Tl — i
B
g o a
P + [ + N B + 13 K e
. . s s 7 o O = 1 o 4 1 a
= Limitované sledovani parametru
IMitovan vanl r r - = L Y& -
Parallel RLC Brang 4 q il e
{ { , o
' 2 dc ] N 2
qA ap [ s—— Full Brdge Gonverter Three Level Bridgs Toe Ouadran Ful-Bridge MMC
Al o DCIDG Corwertr (External DC Links)
dc cp| B2
f - »
Three-Phase
= Bez nelinearit =

S o =0 e
= Dobrych vysledkd Ize dostdhnout variabilnim 1 S5 I S o

krokem, nebo fixnim s malym krokem

Mutual Inductance
Series RLC Load Parallel RLC Load
[LE}

Ready 3%

= Rozpojeni obvodu (dioda, tranzistor= zmena topologie zapojeni), potreba znovu spocitat obvod

“humusorr dSPACE
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LBRARY 0 FORMAT
9 0pen ~ cia
o & i

Electrical Power Systems Simulation 2850 2 2 [ v

= v - -
FILE LIBRARY PREPARE z

Model Compare | Model Port Biocks | Targetlink

epss proc i =

Simscape Electrical
Specialized Power
Systems model

L;‘J 3 Open = HE Stop Time | 100 @ > UI> -
New s - Library o o |G hil By % Run Steo N
T =] R e S i Procesor

~25us

n, Do ]
v G- ® L a4
New T S Ubrary Locked Lock  ANNOTATION
~ @ Fit v Growser Ubrary Links
Fu usRaR pagazt OTEC M z
ol Campar | Mose Pt pocss || Twrgeink
Discrete epss_foga_in &=
1e-06 5.
powergui
]
(]
»
6 odelbe

FPGA
~400ns ... ~2.5us

UMUSOFT" dSPACE
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Electrical Power Systems Simulation - FPGA

= Vytvoreni modelu z Simscape Electrical Specialized Power Systems bloku

B- -
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Electrical Power Systems Simulation - FPGA

FPGA Setup Discrete
5 FPGA: Minimum 6.64e-07
powerg!
ie
ie
HSDa HSDb

= Vstupy = \ystupy
| e
v t
v_LC
V_O

o
-—rbh
- a .
s = .
yt vt 1 v LG
D2
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Electrical Power Systems Simulation - FPGA

Web Browser - EP55 FPGA Analyze Model (Demo_PushPullConverter_Simscape.sh)

| EPSS FPGA Analyze Model (Demo_PushPullConverter_Simscape.sh) | + |

@ \Q @& | Location: files///C/FPGA/EPSS/Humusoft/simulation/Demo_PushPullConverter_Simscape_EPS5_FPGA.html ~

Automatic generated file containing information about the Simscape Electrical model Demo_ PushPullConverter Simscape.slx

Analyze Model FPGA Setup Discrate )
(FPGA) T FPGA: Minimum 664007 5. Date: 01-Apr-2025; Time: 10:20

Analyzed Model / File: Demo_PushPullConverter Simscape

powergui
Model overview
General properties Model dimensions Numerical algorithms
Model nams Demec_PushPullConverter_Simscape States 2 Solver tipe Baclkoward Euler
HSDb Description Push-pull converter Inputs (withowt switch cwrents) 4 Compensation disabled
FPGA npe D86601_KU 033 Quiputs 11 Output iterations 2
@ " FPrecision SINGLE Switches 6 Model splitting disabled
— HSDa — HSOb Stmulation step size 7.44e-07 = Equivalent circuits 1 Exclusion of switch binati disabled
- m FPGA build D86601_KU 035_Varl2.epssfpza Matrix sets 64
@ FPGA capability check
v_e
w1 The Simscape Electrical model is ready for EPSS file generation.
Make zure all Simulink signals in your model are defined in the processor model or via I'O
The Simscape Electrical model is ready for EPSS file generation
LSDa L5Db
LSDa LSDb ‘
o FPGA builds
— LSDa — LSDb
w - Build name Variant Suitable for your model Reason
D32655_K7_410T_Var3 epssfpza 3 Current parameter configuration is not suitable.
D36601_KU_035_Varl2.epssfpza 12 ves ---
D36601_KU_035_Varl epssfpga 8 ves ---
D36602_KU_15P_Varll.epssfpga 11 no Current parameter configuration is not suitable.
L
D36602_KU_15P_Var%.epssfpza 9 no Current parameter configuration is not suitable.

T get more information about the properties of the installed FPGA builds uss
button 'Show Details of FPGA Builds' in the ANALYZE MODEL block.

dSPACE



Electrical Power Systems Simulation (EPSS) - souhrn

Genericky pristup pro topologicky orientované simulovani
vykonové elektroniky

Vytvareni aplikaci pro FPGA bez nutnosti programovani

Spinaci frekvence az 100 kHz

#humusorr dSPACE
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Modelovani elektrickych obvodu

1 L
o—»— |
D )
‘ Vi Ir it'.'
(Vi R C—/—— ivn
v ¥
Cr
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XSG - Power Electronics Systems (PES)

Knihovna s hotovymi FPGA modely bézné pouzivanych
obvodu ve vykonove elektronice

Simulace vykonovych ménicu s podporou SiC a
GaN tranzistor(

Bezpecné, rychlé a opakovatelné fail-safe rutiny

#humusorr dSPACE
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XSG PES GUI

MODELING

':Dj 3 Open ~ IE] ]

|s -
New ave Library
- @ Print Browser
FILE LIBRARY

FORMAT

=

Signal
Table

PREPARE

By | w

Locked | Loc Show A
Library | _ b

PROTECT ANNOTATION

Model Port Blocks dSPACE FPGA

< ¥SG_PES_lib

@® |[Pa|XSG_PES_lib ¥

FPGA Interface

Pracessor Interface

Demos

dSPACE
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BoostConverter (mask)
Real-time capable oversampling model of a boost converter using an ideal switch model.

Copyright 2024, dSPACE GmbH- All rights reserved.

Initial Parameters ~ Model Configuration

The parameters of this tab can be changed during runtime. For offline simulation, the initial

parameters can be defined here.

Schematic

Maodel

Discretization Method |Padé (0/1) Backward Euler

Number of Iterations |2

» Trigger Settings

Devices

On-Resistance RonQ1 [Ohm] [1e-3

On-Resistance RonQ2 [Ohm] [1e-3

Inductance L [H] [2e-3

OK || Cancel || Help |

BoostConverter (mask) ~

Real-time capable oversampling model of a boost converter using an ideal switch model.

Copyright 2024, dSPACE GmbH- All rights reserved.

Initial Parameters ~ Maodel Configuration

This tab has different modes. While the 'Current Model Struture' mode shows the configurations of the current
model, the 'Model Structure Update' mode enables the generation of a model with different structural
configuration.

Mode: Model Structure Update ~

Schematic

Configuration

Alias (custom block name)

3

[Boostconverter ?

Wizard
Select the properties step-by-step
1. Semiconductor Configuration

MOSFET and Diode o (reset) ?
2. Source Configuration

Input type |V-v v| lreset) ?
3. Implementation

Resource Configuration | DS6601 fully parallel 2

Minimum simulation step-size (non-pipelined model) [ns] [104 120 136 152] H

Minimim cimilatinan ctan-ciza fninalinad madalt Tnel TR4 an os 1177

| OK || Cancel || Help || Apply

UMUSOFT" dSPACE



Hotové FPGA modely

Hotové topologie Planované topologie

- dJ 4 W I
H H E E F h F
- -y -]
- Totem Pole PFC ]I CLLLC resonancni ménic
- V rGznych konfiguracich
H - H H
H B H . A3 150 kHz J,’: 1) Dodateéna L, J,': J,':
E R B R B B
T H4F-][HI:- T CLLC resonancni meénic T T,-_"J T
. Dual Active Bridge
+— S A? 500 kHz i — 9
B h B K J;] h b J;}
— - g A
f Bk

. v oy g7y
= :j—k— Obousmerny DC/DC menice IE; Phase-shifted full bridge
(véetné. Buck & Boost) =

Jt] T AZ 500 kHz B B

T

20
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Spinaci frekvence ménicu a invertoru

Pocet spinacu

a

300

%

60

/

Invertory vétrnych elektraren

36
I

/ Priamyslovy FV invertor

18

— DC/DC rezonancni

XSG EC / GDM s

12

Ay
)

SS

IR RE EEERERR T
10

1 2 5 20 50 100 200 500 kHz
Spinaci frekvence
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Portfolio pro simulovani vykonové elektroniky

22

Engineering

= Individualni navrh modelu

= Model = Fixni model dle zadani zakaznika
= Vyuziti procesoru a/nebo FPGA

Power Electronics Systems

= Matematicky pristup

= Knihovna=» pripravené modely
= Uziti FPGA

Electrical Power Systems Simulation
= Topologicky orientovany pristup
= Solver = umozni spoustét stavajici modely v real-time

= Vyuziti procesoru a/nebo FPGA

Komplexita
A
Engineering
XSG PES
EPSS
> Spinaci
~ 100 kHz ~ 500 kHz frekvence

7t usorr dSPACE



Souhrn

4 . . )

* Schéma zapojeni Real-time model

* PoZadavky =) (Matematicky pfistup) -

+ Specifikace ‘
N J | %
4 . . N

% TL + Schéma zapojeni Real-ti del i
]ﬁ—r * Pozadavk szl sl I I
+ m . Specifikacye — —> (Matematicky pfistup) mp ("o

- J

Schéma zapojeni

Simscape Electrical
Specialized Power
Systems model

Model (schéma zapojeni)

‘ spustitelny na HiLu
(Fyzikalni pristup)

‘ dSPACE HIL
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Jeden krok simulace

Krok simulace

Perioda

Pravidlo:

20 simulacnich krokl / perioda

—0—0—0—0—0—0—0—09¢

A

.....

Nacist vstupni Detekce stavu

signaly spinacd -

25

Nacteni pfislusné
stavové rovnice z

Vypocet
elektrickych

hodnot

P N

HIL

i3

Model obvodu

2

oMb

CY - —moummmm- — {J

Sy [ S 37

Spinaci frekvence: 500 kHz

Perioda: 2 Us

Krok simulace: 100 ns

Nastaveni

fyzickych vystupl
dle spoctenych

hodnot

Vymazani cach

(vstupy a
vypocty)
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