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Research Context & Motivation Adopted Methodologies

Abstract: due to volume, weight and cost constraints, EV on-board chargers have a limited power rating (=kW),

» Currently adopted power electronic converter design steps:
which may be considered acceptable only for overnight charging. However, in order to achieve charging times y atopteap J P

comparable to refueling a gasoline car, high-power off-board Chargers are required_ These Chargers deliver DC @ Power electronics design and optimization in MATLAB A @ HIL Testing of the converter control in PLECS environment
current to the vehicle battery pack, meanwhile ensuring proper galvanic isolation from the mains. As of today, (" system Specifications | [ Design Space (variables and constraints) | e m plegs
most commercially available DC fast chargers are rated at 50 kW and the plug/socket potential of 350/500 kW « ! g —
(e. CCS 2.0 standard) has yet to be exploited. Designing and building a power electronics system with this L comertersehavoral Model (otisge & curent aveforms) |
power rating, while ensuring high efficiency and reasonable cost, is quite challenging. Therefore, it is the subject | Component Modeling, Design and Optimization J— (DM and M Noise Modeling
of the present research activity. semconductorDevees D) | (eyuieroasgn)
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» Investigation of novel converter topologies L
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» Investigation of novel converter control strategies and modulation techniques
e model predictive control (MPC) applied to power electronic converters
e performance comparison between different modulation techniques and phase interleaving angles

2-Level Space Vector PWM (2LSVPWM) Discontinuous PWM (DPWM) 3-Level Space Vector PWM (3LSVPWM) Zero Mid-Point Current PWM (ZMPCPWM)
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e Magnetics validation H H |

» Power electronics systems modeling, optimization and design automation

e analysis, modeling and design of high-frequency magnetic component (DC inductors, AC inductors I e Thermal modeling and design
transformers, common-mode chokes) p e e L/
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e analysis and modeling of semiconductor loss and thermal dissipation N e - | /

e EMI noise emission modeling and EMI filter design A / P O |

e system-level optimization according to predefined performance indices, such as LT TN ] |
efficiency n, power density p and specific cost o g - s LA LS

Other Activities ( | Future Work

Industrial collaborgtlon activities: | | N » Build and test current “all-Si” prototype... =
» ELDOR Corporation: development of an Innovative Hybrid Transmission (IHT) for _ _ _ A

electrified vehicles. Traction inverter and DC/DC converter modeling and design, traction mELDOR“’] > Investigate novel converter topologies, such as medium — we [ T

motor dynamical modeling and control. \ voltage (MV) direct connection (i.e. “solid state transformer”), /5™ .
» ELDOR Corporation: development of a Virtual GearBox (VGB) for fully electric vehicles. envelope-transition (ET) converter, etc. 7R

Traction inverter and relative cooling system modeling and design, EMI noise modeling, . : . I B

EMI fiter design, safety analysis )% ) ) ) ) » Validate inductor/transformer models and design procedures /{ LT
» WOLONG: control of an industrial motor. Direct Flux Vector Control (DFVC) WOLOI\‘G] .

implementation in Simulink environment. Power your future |_| St ()f Attended Classes
» VISHAY Semiconductors: development of an electric vehicle on-board charger. High-~ .

frequency inductor design. e Int%rzrls\}HaFg\t/IVItées. -

. . > — Communication

» VISHAY Semiconductors: development of an off-board high-power battery charger for > \ 4 » 01SHMRYV — Entrepreneurial I(:ina)mce (5h)

electric vehicles. Full converter modeling, design, control, prototype and test. » 03SGVRV - Entrepreneurship and start-up creation from University Research (40h)
European project activities: » 01LDVRU - Magnetismo nei materiali e misure magnetiche (20h)
» HIPERFORM: modeling of a high-performance SiC-based traction inverter. AHIPERF.J g gé&iURF\Q/V —PPrggral\r;]mazmne sm(e5nr:|)f|ca avanzata in MATLAB (28h)

_ . . . . = — Project Management
» FITGEN: semiconductor loss and DC-link charge ripple analysis of a 6-phase inverter. » 0IRISRV — Public Speaking (5h)
» 01SYBRV - Research Integrity (5h)
- - » 01SWQRYV - Responsible research and innovation, the impact on social challenges (5h)
SmeItted and PUbIIShed WOrkS » 01ROERV - Sensorless control of electric machines (25h)

» D. Cittanti, F. lannuzzo, E. Hoene, and K. Klein, “Role of parasitic capacitances in power MOSFET turn-on| | > 02RHORV —The new intemet society: entering the black-box of digital innovations (6h)

switching speed limits: A SiC case study”, in 2017 IEEE Energy Conversion Congress and Exposition (ECCE). | | * 815\’(\)’;% - J\Ilmt? ma;nagetf?erg (2h)  aiish (15h
» D. Cittanti, A. Ferraris, A. Airale, S. Fiorot, S. Scavuzzo, and M. Carello, “Modeling Li-ion batteries for > 01Q o " |.ng cientific Papers in English (15h)

automotive application: A trade-off between accuracy and complexity”, in 2017 International Conference of | EXternal activities: | | |

Electrical and Electronic Technologies for Automotive. » European PhD School on Power Electronics, Electrical Machines, Energy Control and Power Systems (40h)

. . . . . . . . ECPE Tutorial “Model Predicti | for P El ics, Dri P id Applications” (16h

» S. Musumeci, F. Mandrile, D. Cittanti, M. Gregorio, S. Borlo, “Comparative CCM-DCM Design Evaluation of : EgPE ng:gl “El\(jltzl:ein ;%%Slvélgcﬁpga?csgr(lggger ectronics, Drives and Power Grid Applications” (161

Power Inductors in Interleaved PFC Stage for Electric Vehicle Battery Chargers”, 2019 ICCEP Conference. » ECPE Tutorial “Thermal Engineering of Power Electronic Systems: Part 1" (16h)
» S. Rubino, R. Bojoi, D. Cittanti, L. Zarri, “Decoupled Torque Control of Multiple Three-Phase Induction Motor | | »  ECPE Tutorial “Thermal Engineering of Power Electronic Systems: Part 2" (16h)

Drives,” in 2019 IEEE Energy Conversion Congress and Exposition (ECCE). » ECPE Tutorial “Passives in Power Electronics: Magnetic Component Design and Simulation” (16h)
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