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Technické pozadi

= Simulovani vykonoveé elektroniky je narocCny ukol
= vysokeé spinaci frekvence

= vysoka dynamika v porovnani s typickymi mechanickymi systémy
* menici se struktura obvodu diky polovodiCovym soucastkam

= rozmanitost el. topologii (mala zména v topologii zapojeni muze vést k diametralné jinym
diferencialnim rovnicim)

» Pozadované naroky na simulaci si odporuji veexstuse |
= Presnéjsi simulace >> vy$§i naroky na vykon
* Snizeni vypocCetni naroCnosti >> obvykle vySSi naroky na pamét

» Redukce vypocetni a pametove narocnosti >> zjednoduseni modelu na ukor presnosti
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Nabizena reseni

= Hotove modely
= ASM Electric Components
= XSG Electric Components
» Generické modely
= EPSS Processor
= EPSS FPGA

» Zakaznické modely

» FPGA model vytvoreny dle zadané specifikace
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Simulace el. Motoru na Signalové urovni - FPGA
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ASM Electric Components
* Plne parametrizovatelné modely na procesor
» BLDC (Brushless DC machine) T
» PMSM (Permanent magnet synchronous machine) 4 <} 4 4 Simptiied such mode
= SCIM (Squirrel cage asynchronous machine) [ Ny S e —K} . g
= Krok simulace ~ 40us ) i ] caT
[:ind«_a f_nma.d m:t:]ge L: ::r:t i ) External
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Demo

Three Phase DCM Inverter

K% K% -

HSD, HSD, HSD.

K% 4K % A

LSD, LSD, LSD.

— IGBT — Load

Diode forward voltage
1 vl

PE minimum current
505  [A]
On-state resistance
[0.001 [ohm]
Off-state resistance

0.001 [Ohm]

Internal ) External

Load inductance

0.00015 [H]

Load resistance

0.01 [Ohm]

Simplified switch model
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ASM_EIDrive_PMS
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Simscape Electrical Specialized P

» Topologicky orientované modelovani

» Moznost generovat real-time kod

Obecna omezeni

= Limitované sledovani parametru
beéhem simulace

= Bez nelinearit
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Simscape Electrical Specialized Power Systems

Nejedna se o hotova reseni pro Real-Time simulace

» Dobrych vysledku je dosazeno za pouziti variabilniho kroku(nebo fixniho s
velmi malym krokem)

= Spinaci prvky Simscape Electrical Specialized Power System oCekavaji na
vstupu Boolean

= Zmény Vv topologii je potfeba feSit v prubéhu simulace

» dSPACE Electrical Power Systems Simulation (EPSS) package, umoznuje
real-time simulaci Simscape Electrical Specialized Power Systems



Electrical Power Systems Simulation (EPSS) P

Simscape Electrical
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Metody vypoctu

Mode Caching

» Ulozeni vsech moznych konfiguraci. Prepinam
mezi konfiguracemi

Task-Handling

» Rozdeélni na dilCi bloky, které volam samostatne

Model Splitting

» Rozdeélni modelu na vice Casti, kdy kazda Cast
muze bézet na jiném jadru

FPGA

LIERARY DEBUG

q]j [ 0pen ~ Cim

&

£ THUMUSOFT

MODELING FORMAT

B oy
New &l save ~ Library Log T || PROTECT ANNOTATION
- E Print = Browser 5
- - _
FILE LIBRARY PREPARE ry
Model Compare Maodel Port Blocks TargetLink

I epss_proc_lib

epss_proc_lib »

OB EE®

v @@

Ready

4

Model Analysis
Tools

85%




Demo ukazka
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XSG-Electric Compoments

= Samostatny FPGA blockset S B
= Zalozeno na Xilinx Vitis Model Composeru* TEL T EEEESS o o
= Hotove modely pro simulaci 3-fazovych motoru e =
= Neni treba expertni znalost FPGA technologie :
= Krok simulace >8ns

L]
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1-H

* dfive Xilinx System Generator
15



16

Demo

XSG Electric Components Library

Electric Drive PMSM Demo for DS2655

XSG Electric Camponents Library
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Nabijeni Baterie
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Baterie

» Nejdrazsi Cast elektrickeho auta

= Optimalne udrzovat baterii mezi 20-90% kapacity

* PIné integrovane do sasi vozidla

» Rozdilné konfigurace baterii

-
SoC/%

= Zivotnost 10+ let a 7000+ nabijecich/vybijecich cykld
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Battery Management System
= Méreni napeti
= Méreni teploty
= Vypocet state of charge (SoC)
= Vypocet state of health (SoH)
= Chlazeni baterie
= Méreni proudu

»= Online diagnostickeé funkce

CSC cell supervision circuit

19
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Simulace baterie

Signalova uroven Nap&tova 0 y
petova uroven
ASM Battery Battery HIL

Electric Components

Pack Thermal j \\m )
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Signalova uroven - uP

ASM Battery

* PIné parametrizovatelné modely baterii

= Topologie baterie S

Battery Charging
Control

Charging Station
Control

* Teplotni model
= Konfigurace nabijeci stanice

» Hotove demo modely
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Diskuze

Dekuji za pozornost
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