REGULAR
TUTORIAL 14

“Partial Power Processing
Converters: Myth, Reality and
Proper Implementation of a
Groundbreaking Concept”

PART 1 Power electronics and power conversion in general is today part of every segment
of our life. Any piece of electric equipment we have today is somehow based on power
electronics and converters; home appliance, industrial equipment, renewable energy,
automotive, avionic, etc., etc. Conversion efficiency, specific power, power density and
converter cost are today the most critical requirements for new converters. One way to
increase the efficiency and reduce cost/size/weight is to deploy multi-level and/or multi-
cell converters and partial power processing power converters. A novel solution to ultra-
high efficiency and specific power dc/dc converters has been proposed and theoretically
investigated in this tutorial. The solution is based on the fact that in most of application
we do not need to process entire dc bus voltage and output current. A fraction of the dc
bus voltage and/or the load current can be processed. In other words, it is not necessary

to process the converter total rated power; it would be enough to process just a fraction of

the rated power. This is so-called concept of Partial Power Rated Converters (PPRC).
Typical target applications are PV boost converters, energy storage(batteries and ultra-
capacitors) interface converters, isolated ac/dc power supplies, electric drives, etc., etc.
Advantages of the PPRC concept, such as significant reduction of the input/output filter
size &weight, voltage rating of power devices and conduction/switching losses are
theoretically investigated and discussed in the tutorial. Various applications such as
energy storage interface converters, isolated ac-dc converters and double feed electric
machines are also discussed.

PART 2 State of the art Partial Power Converters include either a transformer to redirect
power from one part of the circuit to another or an auxiliary circuit with extra switching
devices to rebalance capacitor voltages. The added transformer or switching devices add
cost, weight, volume, complexity and losses and counter balance most of the gains
promised by the partiality concept. Several topologies of Transformer-Less Partial Voltage
Converter(TLPVC)are described and analyzed, their main properties are explained and
examples of application are presented. These topologies can be used to regulate power
flow in Batteries, Fuel cells, Electrolyzers, PV working at their Maximum Power Point and
LEDs because all these loads share a common feature: over their full operating area their
voltage varies in a limited range. These topologies using semiconductors with a lower
voltage rating will bring cost reduction and a better switching frequency/ switching losses
trade off. They also allow using filters with lower inductance and capacitance for the
same current and voltage ripples, thus reducing volume, losses and cost. TLPVC form a
wide family of not-so-standard topologies that can be used in all power ranges, for
example from battery converters of several Volts and Watts to electrolyzers of several
hundreds of Volts and MWs. Several case studies and design examples are given in
concluding part of the tutorial. One particular design example presented in the tutorial is
25kW battery interface dc/dc converter. An extraordinary efficiency of 99.5%, specific
power of 30kW/kg and power density of 50kW/dm3have been achieved. This tutorial is
aimed at power electronics engineers, professionals and graduate students who want to
improve their knowledge and understanding of advanced concepts of power conversion,
such as Partial Power Rated Converters and applications
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Conversion Systems: Analysis, Modelling and Design in Theory and Practice”. He has
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Prof. Dr. Thierry A. Meynard graduated from the Ecole Nationale Supérieure d’Electrotechnique, d’Electronique, d’'Hydraulique de Toulouse in
1985, became a Doctor of the Institut National Polytechnique de Toulouse, France, in 1988 and was then an invited researcher at the Université
du Québec a Trois Riviéres, Canada, in 1989. He joined the CNRS (Centre National de la Recherche Scientifique) as a full-time researcher in 1990,
was Head of the Static Converter Group from 1994 to 2001. From 2010 to 2018 he has been associate director of the national program 3DPHI
(3-Dimensional Power Hybrid Integration). He is now Directeur de Recherches CNRS at the LAPLACE(*), but in parallel he has been also involved
in several industry-related activities. Thierry A. Meynard has been part-time consultant with Cirtem from 2000 to 2016. In 2016 he co-founded
and became scientific advisor at the company Power Design Technologies that develops PowerForge, the software for design of 2- and multi-
level power converters later acquired by Gamma Technologies. Since January 2020, he is also acting as an independent consultant to transfer
more innovation into industrial products.

His main research interests are related to series and parallel multicell converters, magnetic components and the development of design tools for
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Engineering, USA in 2008 and the PhD from the University of Innsbruck in 2024. For more than two decades he has led the product development
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includes the design of power electronics and controls for solar MPPT charge controllers and single and three-phase solar inverters from a few
KW up to several hundred KVA. At AIT, his research interests focus on grid connected and grid forming converters and their control for emerging
smart grid applications, as well as novel multi-level multi-cell, resonant and partial power processing power conversion topologies. In addition,
he is an early adopter and evangelist of HIL technology and the inventor of the world's first HIL controller - the AIT HIL Controller. He is a senior
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