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Uplatnenie vysledkov projektu

V prvej Casti projektu bol vytvoreny matematicky model systému, ktory sluzi ako
vychodiskovy bod pre dimenzovanie elektrickych komponentov pohonu. Nasledne pomocou
vyvinutého zariadenia je mozné overit energetické a vykonoveé parametre trakéného pohonu
na realnom zariadeni v laboratérnych podmienkach v zmensenej vykonovej mierke, ¢o je
vyhodnejSie ako simulovat tieto parametre pomocou matematického modelu. Ziskané
vysledky m6zu byt pouzité pri navrhu realneho trakéného pohonu elektrického vozidla.

Z uvedeného vyplyva, Ze deklarované vysledky maju vysoku mieru vyuzitefnosti v
elektromobilitnej oblasti vyvoja a vyskumu pri tvorbe prototypov elektrickych vozidiel.
Simulator trakéného pohonu bude mat taktiez vysoku mieru uplatnenia vo vyu¢bovom
procese v Studijnom odbore Autotronika.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Pocas rieSenia projektu boli vysledky ziskavané postupne tak, ako boli rieSené ulohy
jednotlivych etap.
Etapa 1 - porovnanie klasického obojsmerného znizujuco-zvysujuceho menica s
prekladanym trojfazovym znizujluco-zvySujucim meni¢om, modelovanie, analyza a
pocitatova simulacia jednotlivych menicov — vyber vhodnejSej topoldgie, simulacia celého
modelu elektrického pohonu spolu s uspornym zapojenim asynchrénnych motorov,
trojffazovymi striedaémi, menic¢mi s aktivnym timenim a vstupnymi/pridavnymi zdrojmi.
Ziskané vysledky z rieSenia Etapy 1: Topoldgia klasického obojsmerného zniZujuco-
zvysSujuceho menica, Topoldgia prekladaného zniZzujuco-zvySujuceho menica a ich kritické
provnanie, boli spracované simulacie oboch typov menicov, pricom boli ziskané poznatky o
vlastnostiach oboch topolégii. Celkovy koncept simulatora pohonu elektrického vozidla bol
podany ako uzitkovy vzor a bol prijaty v roku 2016. Bol zrealizovany simulacny model
celého trakcného retazca elektrického vozidla. Na zaklade ziskanych vysledkov
povazujeme ciel za splneny.
Etapa 2 - navrh menica s aktivnym timenim podla vyberu z prvej etapy, navrh pomocnych
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obvodov, navrh trojfazovych striedacov a jeho pomocnych obvodov, syntéza riadiacich
algoritmov pre obojsmerné menice, navrh dohliadacieho systému na monitorovanie a
ovladanie systému s elektrickym pohonom, implementacia mikroprocesorového riadenia s
DSP, pripadne s dSpace prostredim pre vyskumné aj vyucbové ucely. Ziskané vysledky z
rieSenia Etapy 2: navrhnuté jednotlivé dosky ploSnych spojov vratane pomocnych a
ochrannych obvodov, navrh a rieSenie topologického usporiadania 3f striedaCov pre riadenie
ASM. V ramci projektu boli vypracované 2 variantné rieSenia topoldgii striedacov vratane 3D
modelov a tepelnych modelov. Simulaény model trakéného pohonu bol doplneny o
algoritmus regulacie konstantného napéatia v medziobvode. Navrh zloziek regulatora
pomocou softvéru Matlab vratane implementovania efektov spojenych so vzorkovanim
mikroprocesora. Komplexna implementacia vektorového riadenia spolu s rekuperaciou v
prostredi Matlab-Simulink. Navrhnuty algoritmus vektorového riadenia bol pomocou
toolboxov Matlab TargetLink a Simulink Coder implementovany do systému dSpace. Ciefl
bol spineny.

Etapa E3 - stavba menicov s aktivnym timenim, stavba trojfazovych striedacov, stavba
pomocnych obvodov, skompletizovanie mechanického modelu s elektrickym pohonom,
stavba skusobného stanovidta. Ziskané vysledky z rieSenia Etapy 3: Skonstruovany
prototyp €.1 striedaCa vratane jeho overenia - neuspokojivé vysledky. Skonstruovany
prototyp €.2 s vyhovujucimi parametrami. Bol vykonany navrh prekladanej topolégie DC/DC
menica a overenie jej funkénosti, priom vybrata prekladana topoldgia meni¢a zniZuje
vstupné a vystupné zvinenie. Riadenie bolo vykonané pomocou TMS320F28069M a
metoddou generovania kddu v prostredi Matlab/Simulink.Skompletizovany mechanicky model
s elektrickym pohonom, vratane Gprav oproti vecnému zameru. Ulohy zadané v tejto etape
boli splnené.

Etapa E4— experimentalne odskusanie menic¢a s aktivnym timenim spolu s riadiacim
algoritmom a pomocnymi obvodmi, experimentalne odskusanie elektrického pohonu v
jednotlivych jazdnych stavoch, experimentalne odskusanie dohliadacieho/monitorovacieho
systému, experimentalne overenie celého systému spolu so zadavanim jazdnych stavov.
Ziskané vysledky z rieSenia Etapy 4: Vyrobeny prototyp €.2 vratane upravenych prvkov,
vyber prvkov striedaca bol zaloZzeny na vysledkoch rieSenia projektu z predchadzajucich
rokov. Vylepsené budiace obvody, budie su integrované v smd puzdre. Doplnené ochranné
obvody. Kompatibilita pre viacero riadiacich systémov — dSpace a MCU od Texas
Instruments (Launchpad kits). Vytvorenie tepelnej simulacie menica. V etape 4 bol v ramci
dizertanej prace vyrobeny trojfazovy prekladany DC/DC meni¢ riadeny prostrednictvom
CAN zbernice. Tento menic€ je vyuzivany na riadenie toku vykonu medzi superkapacitorom a
batériovym zasobnikom. Nadradeny algoritmus riadenia, ktory zistuje ¢ast trakéného profilu,
ktora bude nasledovat. Grafické prostredie, umoziujuce uzivatelovi zadavat’ jednotlivé
jazdné stavy ako aj implementovat jazdny profil, ziskany z realnej prevadzky. VSetky
ulohy tejto etapy boli vyrieSené a ciel bol splneny.

Na zaklade rieSenia jednotlivych etap a uloh projektu a na zaklade publikovanych vystupov
projektu povazujeme vsetky ciele za spinené.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

During the solution of the project, the results were obtained gradually as the tasks of the
individual stages were solved.

Stage 1 - comparison of a classic bidirectional step-up converter with interleaved three-
phase step-up converter, modeling, analysis and computer simulation of individual
converters - selection of more suitable topology, simulation of the whole model of electric
drive together with economical connection of asynchronous motors, three-phase inverters
with active converters and input / additional sources. The obtained results from the solution
of Stage 1: Topology of the classical bidirectional step-up converter, Topology of interleaved
step-up converter and their critical analysis, simulations of both types of converters were
processed, while knowledge about the properties of both topologies was obtained. The
overall concept of the electric vehicle drive simulator was submitted as a utility model and
was adopted in 2016. A simulation model of the entire traction chain of the electric vehicle
was implemented. Based on the obtained results, we consider the goal to be met.

Stage 2 - design of inverter with active damping according to the selection from the first
stage, design of auxiliary circuits, design of three-phase inverters and its auxiliary circuits,
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synthesis of control algorithms for bidirectional inverters, design of supervisory system for
monitoring and control of electrically driven system, implementation of microprocessor
control , possibly with a dSpace environment for research and teaching purposes. Obtained
results from the solution of Stage 2: designed individual printed circuit boards, including
auxiliary and protective circuits, design and solution of topological arrangement of 3f
inverters for ASM control. Within the project, 2 variant solutions of inverter topologies were
developed, including 3D models and thermal models. The simulation model of the traction
drive was supplemented by an algorithm of constant voltage regulation in the intermediate
circuit. Design of controller components using Matlab software, including the implementation
of effects associated with microprocessor sampling. Complex implementation of vector
control together with recuperation in Matlab-Simulink environment. The proposed vector
control algorithm was implemented into the dSpace system using Matlab TargetLink and
Simulink Coder toolboxes. The goal has been met.

Stage E3 - construction of inverters with active damping, construction of three-phase
inverters, construction of auxiliary circuits, completion of a mechanical model with electric
drive, construction of a test station. Obtained results from the solution of Stage 3:
Constructed prototype No. 1 of the inverter, including its verification - unsatisfactory results.
Designed prototype No. 2 with suitable parameters. The design of the interleaved topology
of the DC / DC converter and the verification of its functionality were performed, while the
selected interleaved topology of the converter reduces the input and output ripple. The
control was performed using TMS320F28069M and the method of code generation in the
Matlab / Simulink environment. Completed mechanical model with electric drive, including
adjustments to the material intent. The tasks assigned at this stage have been completed.
Stage E4 - experimental testing of the inverter with active damping together with the control
algorithm and auxiliary circuits, experimental testing of the electric drive in individual driving
conditions, experimental testing of the monitoring / monitoring system, experimental
verification of the entire system together with entering driving conditions. Results obtained
from the solution of Stage 4: Produced prototype No. 2, including modified elements, the
selection of inverter elements was based on the results of the project solution from previous
years. Improved driver circuits, drivers are integrated in a smd package. Added protection
circuits. Compatibility for multiple control systems - dSpace and MCU from Texas
Instruments (Launchpad kits). Creating a thermal simulation of the inverter. In stage 4, a
three-phase interleaved DC / DC converter controlled via the CAN bus was produced as
part of the dissertation. This converter is used to control the power flow between the
supercapacitor and the battery pack. Superior control algorithm that detects the part of the
traction profile that will follow. Graphical environment, enabling the user to enter individual
driving conditions as well as to implement a driving profile obtained from real operation. All
tasks of this stage were solved and the goal was met.

Based on the solution of individual stages and tasks of the project and on the basis of
published project outputs, we consider all goals to be met.
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