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ANALYSIS AND DEVELOPMENT OF HIGH PERFORMANCE

ELECTRONIC CONVERTERS WITH WIDE BAND GAP DEVICES

Energy

Lower Ron;

Higher breakdown voltage;
Operability at high temperature;
Greater reliability;

Best Recovery;

Operability at high frequency.
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FRONT-END POWER CONVERTERS
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Mixed Signals Based Control of a SiC Vienna Rectifier

for On-Board Battery Chargers

Mixed Signal Control: that use an external electronics and a state machine to minimize the
microcontroller computational effort, using low cost uC without compromising the *‘custom
functionality'* of the control

DIGITAL PHASE REFERENCE GENERATOR

Inj e ¢i ZVD PHASE
_‘«'v\ ESTIMATOR
Generator

GRID
3_phase

PROPOSED CONCEPT

= -E3-22-3-
DIGITAL VOLTAGE LOOP AC @
Vg Vo | py P Yo Lol aL-TRECT l@
} ANALOG CURRENT LOOP SMEDs DC :J <:I
Vo j=ab,c I i Il |:> C]

DIGITAL eees=ss ANALOG

STNRGxxx y

STM8: — ¢ ExtEVENT

e W
:
:
H

Sinusoidal
Generator

ATION ONLY

Timed EVENT D\
. \
: Count_Smedd) SMED 5 1 PWM5 )i 0———— \ \
- N
:

SN
MED o | PWME I

Register
bEMO BOARD

TIMER HCLK_out :

Y Y Y P
Connection Box

-
J-L CPM0 CPM1 CPM2 CPPO  CPP1 CPP2
) JC JtJc L JC J

CURRENT CONTROL
ANALOG m R Cr |

INTEGRATOR ) \,—REF -
R R, i )
Ve D_W / i V;
e Vo ey Var | JREFQ
st

X -

WG NIS A

ANALOG || [ [

Vi

ANALOG LOW PASS FILTER

IMPLEMENTATION

CURRENT
SENSING




Mixed Signals Based Control of a SiC Vienna Rectifier

for On-Board Battery Chargers
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Main specs =l
- Pout =12kW @ Vin =380Vac & Vout =800V .
- PF>0.98 @ 20% load (target) = ?’
- THD < 5% @ 20% load (target) ’
O
- n>97% @ 20% load (target) : (=)
- CCM decoupling current control loop . a
- Active & Reactive power control E
- Grid Connection capability K
- Switching frequency = 70kHz SENSING STNRG CONNECTOR & LDO

|_ripple = 2.5A

VDC_ripple = 10Vpp It has been made a full 3 phase 12kw converter

with an alternative mixed signal control approach



Mixed Signals Based Control of a SiC Vienna Rectifier
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Analysis of PCB parasitic effects in a Vienna Rectifier for an

EV battery charger by means of Electromagnetic Simulations
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HILSTUDY AND DEVELOPMENT
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REALTIME EMULATION OF ATHREE-PHASE VIENNA

RECTIFIERWITH UNITY POWER FACTOR OPERATIONS

Such a model has been developed
for Hardware In the Loop (HIL)
implementation of a test rig
where the power converter is
replaced with an embedded
system using a FPGA board.
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“The proposed
approach has been
fostered mainly to test
different converter
control algorithm in a
fast and safe way”
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OTHER PROTOTYPE

SiC 3Phase Multilevel converter based on . _ _
high performance mixed-signal MCU for Bidirectional SiC-based Battery Charger

bidirectional Vehicle to Grid automotive for V2G applications
applications in SiC technology

O N N
B34 09021647921




My Bibliography

Hardware in the loop for failure analysis in AC motor drives G Scelba, G Scarcella, M Cacciato, G Aiello 11™ Interntional Conference
ELEKTRO 2016 May 16-18,2016 Strbské Pleso — High Tatras, 364-369 (BEST PAPER AWARDS)

Failure analysis of AC motor drives via FPGA-based hardware-in-the-loop simulations G Aiello, M Cacciato, G Scarcella, G Scelba
Electrical Engineering 99 (4), 1337-1347

A high efficiency interleaved PFC front-end converter for EV battery charger Giuseppe Aiello - Mario Cacciato - Sebastiano Messina -
Marco Torrisi COMMUNICATIONS 1/2018 86-91

Real-time emulation of induction machines for hardware in the loop applications G. Aiello and G. Scelba and G. Scarcella and M.
Cacciato and L. D. Tornello and A. Palmieri and E. Vanelli and C. Pernaci and R. Di Dio 2018 International SPEEDAM

RealTime Emulation of a Three-Phase Vienna Rectifier with Unity Power Factor Operations G. Aiello, M. Cacciato, G. Scarcella, G.
Scelba, F. Gennaro, N. Aiello 121 Interntional Conference ELEKTRO 2018 May 21-23,2018 Mikulov, Czech Republic (BEST PAPER
AWARDS)

RealTime Emulation of a Three-Phase Vienna Rectifier for the Development of Control Unit with PFC Capability G. Aiello, M.
Cacciato, G. Scarcella, G. Scelba, F. Gennaro, N. Aiello Electrical Engineering 2018 — Springer

Modelling and Simulation of a Bidirectional SiC-based Battery Charger for V2G Giuseppe Aiello - Mario Cacciato - Alex La Cognata -
Giacomo Scelba - Giuseppe Scarcella - Alessandro Allegra Electrimacs 2019 21-23 May, Salerno (Italy)

FPGA-Based Design and Implementation of a real Time Simulator of Switched reluctance motor Drives Aiello G., Tornello LD, CACCIATO
M., DI DIO R., PALMIERI A, PERNACI C,SCARCELLA G., SCELBA G., VANELLI E. EPE19 2-6 2019 Genova (ltaly)

Mixed Signals Based Control of a SiC Vienna rectifier for On-Board Battery Chargers, AIELLO G., AIELLO N., CACCIATO M., GENNARO F,,
SCARCELLA G., SCELBA G.,EPE19 2-6 2019 Genova (Italy)

Analysis of PCB parasitic effects in a Vienna rectifier for an EV battery charger by means of Electromagnetic Simulations, PALOMBA F.,
AIELLO G., AIELLO N.,CACCIATO M., GENNARO F., PAVONE M.,EPE19 2-6 2019 Genova (ltaly)

Analyse der parasitaren Leiterplatteneffekte eines EV Batterieladesystems mit Gleichrichter durch Simulation , PALOMBA F., AIELLO G.,
AIELLO N.,CACCIATO M., GENNARO F., PAVONE M,Muff S. DESIGN & ELEKTRONIK (submitted)

Modelling and Simulation of a Bidirectional SiC-based Battery Charger for V2G applications, Aiello G.,Cacciato M., Scelba G., Scarcella G.,
Gennaro F., MATCOM (submitted)

"0000-0003-1516-2080"



AWARDS

12* International Conference
11* International Conference

BEILEKTRO2C'6 LEKTRQ=°"8

Strbské Pleso - High Tatras www.elektro.uniza.sk
MAY 16-18, 2016 . .

R BEST PAPER AWARD
BEST PAPER AWARD of the 12" International Conference ELEKTRO 2018

held in Mikulov, Czech Republic, on May 21¢ - 23, 2018

11* International Conference ELEKTRO 2016
presented to

held in Strbské Pleso - High Tatras, Slovak Republic, on May 16" - 18", 2016
AIELLO, G.; CACCIATO, M.; SCARCELLA, G.; SCELBA, G.; GENNARO, F.; AIELLO, N.
SCELBA, G., SCARCELLA, G., CACCIATO, M., AIELLO, G.
Hardware in the Loop for Failure Analysis in AC Motor Drives for the Paper entitled
RealTime Emulation of a Three-Phase Vienna Rectifier with Unity Power Factor
Operations

Prof. Milan DADO
In Strbské Pleso - High Tatras, May 17, 2016 Chairman of the Conference i~ ~—
Prof. Pavol SPANIK
In Mikulov, May 22, 2018 Chairman of the Conference

"0000-0003-1516-2080"



Training & Courses

EUREOPEAN PHD SCHOOL «Power Electronics, electrical machines Energy
control and Power Systems 21-25 May 2018 Gaeta (ltaly)

ECPE Tutorial «Power semiconductor devices and technologies» 4-5 October 2018
STMicroelectronics Catania (Italy)

ISI&DCN «International school on Informatics and Dynamic Complex Systems» 15-
19 October 2018 Catania (Italy)

PCIM Tutorial «High performance Control of Power Converters» 6 May 2019
Nuremberg (Germany)

EPE Tutorial «Model predictive Control of Power Converters: Principle, Design and
Applications» 2 September 2019 Genova (ltaly)

CMAEL «Riunione annuale congiunta GUSEE-CMAEL» 16-17 Settembre 2019 Cagliari

(Italy)



3® PFC Converter

STMicroelectra

THANK YOU




