Report on Distinguished Lecture on
DC Fast Charging Technologies for Electric Vehicles
by Professor Kaushik Rajashekara
Abstract of the Lecture

Fast charging of electric vehicles plays an important role in adoption and widespread use of electric
vehicles. Fast charging offers a practical solution for drivers during their journeys to charge the
vehicles in 10 to 15 minutes to drive for another 300 to 400km or even more depending on the
vehicle and charger capacity. Hence, there is an increasing importance to advance the fast charging
technologies of EV batteries and their deployment. In this presentation, the following topics will
be discussed: Charging system configuration of EVs, Fast Charger requirements, technical
specifications, requirements, fast chargers with ac and dc distribution network, ac/dc front end
topologies, dc/dc converter topologies, partial power converters, and impact of fast charging on

the grid. Future trends will also be discussed.
Brief Bio of the Speaker

Kaushik Rajashekara (Fellow, IEEE) received the Ph.D. degree in electrical engineering from the
Indian Institute of Science, Bangalore, India. In 1989, he joined the Delphi division of General
Motors Corporation in Indianapolis, USA, as a Staff Project Engineer. In Delphi and General
Motors, he held various lead technical and managerial positions, and was a Technical Fellow and
the Chief Scientist for developing propulsion and power electronics systems for electric, hybrid,
and fuel cell vehicle systems. In 2006, he joined Rolls-Royce Corporation, as a Chief Technologist
for electric systems for electric and hybrid aircraft systems. In August 2012, he joined as a
Distinguished Professor of Engineering with the University of Texas at Dallas, TX, USA. Since
September 2016, he has been a Distinguished Professor of engineering in University of Houston,
Houston, TX, USA. He has authored or coauthored over 300 papers in international journals and
conferences, has 37 US and 15 foreign patents, and has written one book. He has received a
number of awards including the 2022 Global Energy Prize and 2021 IEEE Medal on Environment
& Safety Technologies for his contributions to electrification of transportation and renewable
energy. He is Member of the US National Academy of Engineering and International Fellow of
Indian, Chinese, and Japanese Academies of Engineering. His research interests include

power/energy conversion, transportation electrification, renewable energy, and microgrid systems.
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ABB Charger based on HF Transformer(125kW to 300kW) Impact of Fast charging on the Grid

High penetration of fast chargers may impact the grid resulting in overloading, transients, and regulatary
an input LCL filter 1o be comaliant 1o the international IEC harmenic injection vialations of the grid voltage and harmonics
standards

The systam architactura comprisas

Increasing numbars of £Vs and DCFCs could advarsely affect grid powar quality, such as harmonic distortion,
voltage fluctuations, losses, and even feeder averloading and supra-harmonics appear due ta the integration af
fast charging stations

2 three phase sctive rectifier unit which guarantees active power factor
control an the line side electrical guantities and produces a canstant de-link
valtage set at 750 Ve for the secandary conversion stage

s In praralial de/0c ibolabad anuartar STages, Implemeating the high The power electronic circuits and Interface filters in DCFCs can cause significant power quality and Instability
frequency isolation. ssues, especlally if not designed to be connected into a network with other DCFCs, etc.

The de-de isolated canverter consists of:

The pawer electronics system of EV charger is responsible for the harmonic injection to-the grid. For ABB Terra
g frequency of 53) charging station, it has been found that the average current THD is around 11% in ct charging mode,
v charging modd,

ingle phase input inverter unit, aperating at a fixed swit
Ktz and modulated with phase-shilt control to vary the output de voltage whereas, the current THD range lies between 9.3% and 30.7%
d to the battery sets

Anather power guality issue, namely, voltage fluctuations arise due to fast charging of EVS, Grid stability is a

« amedium frequency transformer major eancern if fast charging is not controlled properly

* an output rectifier

Fast charging can overload the distribution transformers which may lead to insulation failure. Further, the
necessity for installing underground cable, overhead line, and transformer with higher capacity is increased
ion stage is Transformer lifetime may also reduce with the increased penetration of the EVs.

Itis passible ta achieve not only G2V operation, but alse V2G aperation mode if the output rectif
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As a part of the Industrial Electronics Society (IES) Day celebration, we hosted a distinguished

lecture by Professor Kaushik Rajashekara on the topic “DC Fast Charging Technologies for



Electric Vehicles” in online mode. The event was scheduled for November 14th at 8:00 PM
IST. A total of 202 participants registered for this event. In the online lecture, a total of 105
participants attended the meeting. Most attendees were students from the Indian Institute of
Technology Gandhinagar and other institutes. Many faculty from various institutes and industry
professionals attended the event alongside students. Of 105 attendees, around 70 were students
from 11T Gandhinagar and other institutes while the rest were faculty members and industry

professionals. 75 attendees were male, while 30 attendees were female.



