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ETPL Predictive dead time controller for Galised boost converters
PELE - 001

A dynamic dead time controller is presented, specifically intended to operate in synchronou
converters based on GaN fiedifect transistor switches. These transistors have a reduced stored
with respect to silicon metalxide-semiconductor &ld-effect transistors with similar breakdow
voltage and series resistance, and can operate at higher frequencies with reduced switching |
the other hand, the voltage drop in reverse conduction is typically more than doubled with re
silicon devices resulting in relevant power losses during thesfreeling phases. Therefore, dynan
control of dead time can be profitably applied even in converters operating in the tens of volts
The device presented in this study controls the swigctielays taking into account both variations
the fall/rise times and of the tuoiff/on delays, in order to keep dead time within a range of a
nanoseconds above its minimum value. A disecet@ponent prototype was designed, built ir
synchronousoost converter and extensively tested -2t MHz switching frequency, in a range

operating parameters corresponding to significant variations of the switching times (currents i
6 A range, output voltage up to 50 V). The prototype demonstriagechpability to match dead tim
to actual operating conditions with a smooth and fast transient response.

ETPL Modeling and Experimental Validationf @ Bidirectional DC/DC BuckPower
PELE -002 Electronic ConverteDC Motor System

This paper presents the modeling and experimental validation of a new topology for the DC/D
power converteDC motor system. The main objective of this topology is to achieve a bidirect
rotation on the DC motor shaft by using a DC/DC power eary. As a result of applying Kirchhoff
current and voltage laws the system mathematical model is obtained. Also, an analysis istates
of the system is presented. While, the reference trajectory generation associated to the s
controls ofthe system (expressed in terms of the voltage converter and motor angular velo
performed via differential flatness, which allows a trajectory tracking control in-lopgn The
experimental validation of the herein presented model is carriedyoutelns of Matlatsimulink,

ControlDesk, and a DS1104 from dSPACE. The experimental results confirm the validity

mathematical model, for the general case, i.e., thewamgng trajectory tracking and not only tf
constant trajectories case.
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ETPL A Performance Investigation of a FeBwitch ThreePhase InverteFed IM Drives
PELE -003 at Low Speeds Using Fuzzy Logic and PI Controllers

This paper presents a speed controller using a flargy controller (FLC) for indirectield-oriented
control (IFOC) of induction motor (IM) drives fed by a feawitch threephase (FSTP) inverter. In th
proposed approach, the IM drive system is fed by an FSTP inverter instead of the traditiswéthi
threephase (SSTP) inverter for steeffective lowpower applications. The proposed FLC impro
dynamic responses, and it is also designed with reduced computation burden. The comple
scheme incorporating the FLC for IM drives fed by the proposed FSTP inverter is bt
MATLAB/Simulink, and it is also experimentally implemented in real time using a-DSPLO3
control board for a prototype KW IM. The dynamic performance, robustness, and insensitivit
the proposed FLC with the FSTP inverted IM drive is examined and compdréo a traditional
proportionadintegral (P1) controller under speed tracking, load disturbances, and parameters va
particularly at low speeds. It is found that the proposed FLC is more robust than the PI controlle
load disturbances, and paneters variation. Moreover, the proposed FSTP IM drive is compa
with a traditional SSTP IM drive, considering its good dynamic performance, cost reduction, a
total harmonic distortion (THD).

ETPL Sliding Mode Control of SingkhaseGrid-Connected Quasi-Source Inverter.
PELE - 004

QuastZ-source inverters (qZSlsrre nowadays increasingly used owing to advantages such as
stage operation, lower component rating, and continuous input current and common dc rai
benefits lead to investigate this converter for -guinected applications. This paper prds a grid
connected gZSI with both ac and dc side control. Sliding mode control (B&&eQ controller for
capacitor voltage regulation has been proposed to ensure a fast and dynamic response
variations in input voltage, output load, and refeeegontrolled quantity. A detailed mathematic
model of the system is presented. A stable and fast response of SMC has been demonstra
simulation and is validated by experimental results.
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ETPL A 2-kW SinglePhase Sevehevel FlyingCapacitor Multilevel Inverter with an
PELE -005 Active Energy Buffer

High-efficiency and compact singfghase inverters are desirable in many applications such as
energy harvesting and electric vehicle chargers. This paper presekitg,&2Hz, 450V DC-to-240

V AC power inverter, designed and tested subject tepleeifications of the Google/IEEE Little Bo
Challenge. The inverter features a selarel flying capacitor multilevel converter, with levoltage
GaN switches operating at 120 kHz. The inverter also includes an active buffer fofieic
frequency powe pulsation decoupling, which reduces the required capacitance by a facto
compared to conventional passive decoupling capacitors, while maintaining an efficiency abo
The inverter prototype is a salbntained box that achieves a high powersdgrof 216W/in 3 and a
peak overall efficiency of 97.6%, while meeting the constraints including input current ripple
transient, thermal, and FCC Class B EMC specifications.

ETPL Constrained decoupled power predictive controller feingle phase grietied
PELE -006 @ inverter.

This study presents a decoupled active and reactive power control technique, for-phaisglgrie
tied inverter, using model predictive control (MPC). The proposed technique does cartvesational
phaselocked loop, pulsevidth modulation nor a synchronisation transform, which makes the ca
algorithm well suited for an adligital implementation. The proposed controller minimises the nur;
of switching state transitions requirecttntrol the gridside current while simultaneously constraini
the harmonics distortions and protecting the inverter from overcurrent condition. In this stu
switching frequency is reduced by using a lagktable to minimise the number of switcfpiatate
transitions, which helps lowering down the switching losses. The proposed technique uses an
weight factor which gives more priority to commanded power tracking during transient, and min
the tracking error and switching frequencyteagly state while constraining the harmonics distort
This method improves the tracking performance as well as reduces the switching losses by mi
the switching frequency compared to the MPC with fixed weight factor and conventional dec
power control. Thus, the outcome of proposed controller is a constraintahjdtitive optimisation
between the switching frequency reduction and-gidlét current harmonics in terms of cost funct
with weighting factor.
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ETPL Threephase battergtorage system with transformer less cascaded multilevel inv
PELE -007 for distribution grid applications

A distributed generator (DG) based on renewable energy is a promising technology for the fu
the electrical sector. DGs may benefit utility companies and customers in a variety of persp
However, DGs suffer from intermittent behaviour. Storsggems appear as an attractive solutio
support the continuous operation of DGs. The technology within the storage also plays an in
role, since DGs and storage are connected in medaltage grids. The use of batteries and the DC
converterin its conventional structure presents drawbacks in such grids. In this context, this
presents a threghase transformerless battery storage system (BSS) based on a casbaidige
inverter applied to a mediuwpltage grid. The BSS is composed ajte equal series connected k
bridge converters, without bulk transformers, for connection to a distribution grid. Each cor
contains 75, 12V/600Ah leaacid batteries. The converters are controlled through puibih
modulation at 600Hz. The BSSable to keep working even with a failure of one of its convert
Reactive energy compensation not compensated by an existent passive filter is also performe
study with simulated and experimental results obtained through a hartvtbesloop system is
presented showing the efficacy of the proposed BSS.

ETPL Magnetic and Electrical Design Challenges of InveRed Permanent Magnet
PELE -008 Synchronous Motors.

This paper provides new magnetic and electrical degigdelines for an integrated motdrive

system. Two significant design factors including the electric and magnetic loadings are targ
address the issues associated with the combination of the motor and inverter performances.
new constraintss also introduced in terms of the magnetic, electrical and thermal limits of a
oriented controlled permanent magnet (PM) motor to highlight the corresponding design cha
Moreover, the demagnetization proximity limit is incorporated to ersuetiable and safe operatic
of the PM material. The results show that the magnetic and electrical requirements of an o
integrated system are totally different from the optimum performances of either side of the syst
the motor or the invéer. Finally, an efficiency/robustness traofé is proposed and applied to tt
investigated motedrive system to return a reliable and efficient design.
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ETPL DC-link capacitor voltage offset suppression with no filters for tplegsefour-
PELE -009 switch inverter fed PMSM drives.

The adjustable speed range for thpbase fowswitch inverter (TPFSI) fed permanent magt
synchronous motor (PMSM) drives is seriously limited by theliDK capacitor voltage offset ir
TPFSI. For the traditional offset suppression schemes, thpds#/filters or notch filters are necess
to extract the capacitor voltage offset, which will deteriorate the control performance of the
suppression schemes severely, especially ®idivspeed range. Thus, a novel offset suppres
scheme with no filters is proposed to improve the situation. For the proposed scheme, to ex
offset with no filters, a new static coordinate is defined, the relationships betwee
fundamental/iset components of capacitor voltages and the load currents are revealed, bg
which a simple algorithm is developed. Then, the desired compensatory current is obtained by ¢
loop control and injected into the stator current control loop. Exearial results have validated tk
proposed scheme.

ETPL A Current Control Scheme of Brushless DC Motors Driven byfSwitch Three
PELE -010 Phase Inverters.

Based on the brushless dc motor driven by a$ouitch threephase inverter (FSTPI), a current cont
scheme is proposed to reduce the current ripple of both the normal conduction region
commutation region. Assuming-phase winding is connected the middle point of a dink
capacitance, in the normal conduction region whphase and{phase windings conduct, the curre
of c-phase may not be zero because-phase back electromotive force. The proposed strategy
two regulating vectors to each control cycle based on the traditional PWM scheme, and contrg
c-phase current to be zero by controlling the working time of the regulating vectors in each
cycle. In the commutation region, the noncommutated phase or the outgoingwhelsés modulated
by comparing the change rate of the incoming and outgoing phase currents to maint
noncommutated phase current constant. Compared with the traditional current control strateg
control effect is kept in both the normal contian region and the commutation region by accura
controlling the working time of the voltage vectors. The proposed strategy does not need to ac
parameters of the controller, and it is simple and easy to implement. The experimental resail
the correctness and effectiveness of the control strategy.

Elysium PRO Titles with Abstracts 20118
=7C

ELIM CROUFS




2 ELYSIUMPRO

ELTSILIMFHO A UNIT O ELYSIUM GROUPS

BB (B ERRRE P BEE TF

ETPL SinglePhase Inverter with Energy Buffer and TIiC Conversion Circulits.
PELE - 011

This paper proposes a new sinplease inverter topology and describes the comtethod for the
proposed inverter. The inverter consists of an energy buffer circuit,de donversion circuit and a
H-bridge circuit. The energy buffer circuit anddddge circuit enable the proposed inverter to out
a multilevel voltage according the proposed pulse width modulation (PWM) technique. Theda
conversion circuit can charge the buffer capacitor continuously becausé tleecdaversion contro
cooperates with the PWM. Simulation results confirm that the proposed inverter can hedealtage
harmonics in the output and theidc conversion current in comparison to a conventional inve
consisting of a diadc conversion circuit and Hdridge circuit. Experiments demonstrate that

proposed inverter can output currents of low th&aimonic distortion and have higher efficiency th
the conventional inverter. In addition, it is confirmed that these features of the proposed i
contribute to the suppression of the circuit volume in spite of the increase in the number of de
the circuit.

ETPL Bidirectional SingleStage GridConnected Inverter for a Battery Energy Storage
PELE -012 @ System.

The objective of this paper is to propose a bidirectional sistgige grieconnected inverter (BSG
inverter) forthe battery energy storage system. The proposediB&&er is composed of multipl
bidirectional buckboost type dicdc converters (BBCs) and aidc unfolder. Advantages of th
proposed BSé&nverter include: singlstage power conversion, low batterydadcbus voltages
pulsating charging/discharging currents, and individual power control for each battery m
Therefore, the equalization, lifetime extension, and capacity flexibility of the battery energy s
system can be achieved. Based on #netbped equations, the power flow of the battery system
be controlled without the need of input current sensor. Also, with the interleaved operation b
BBCs, the current ripple of the output inductor can be reduced too. The computer simuladic
hardware experimental results are shown to verify the performance of the proposet/8/$&3.
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ETPL ThreePhase Threéevel Flying Capacitors Spisource Inverters: Analysis and
PELE -013 Modulation.

Singlestage dtac powerconverters with boost capabilities offer an interesting alternative comy
to two-stage architecture. One of the recently proposed sstgtge dtac power converters is the spl
source inverter (SSI). This paper extends the SSI topology from thievelooperation to the three
level one using the flying capacitors (FCs) configuration. Among the diladeped SSI (DESSI) and
FC-SSI, the second one is proposed in order to avoid the need of two isolated dc sources. Tl
shows that the FGSI provicges additional merits compared to the #i@vel SSI in terms of inpu
inductance requirements using the same switching frequency, voltage stresses across ik
switches, and total harmonic distortion of the output voltage. Such results are obtatheclbging
the analysis and the modulation of this topology, considering some simulation results, and col
it to some other existing topologies to show its properties and limitations. Finally, a rextated.5

kVA threelevel FGSSI is implemente@xperimentally to validate its functionality and verify t
proposed analysis and modulation properties.

ETPL Dynamic Voltage Restorer Using Switching Cell Structured Multilevei AC
PELE -014 Converter.

Dynamic voltage restorer (DVR) technology has become a mature power quality product.-Ir
power applications, DVR using a multilevel converter is commonly used. However, DVR u
multilevel direct pulse width modulation (PWM)iax converter has nbeen well studied. This papé
presents a new DVR topology using a cascaded multilevel direct PWRt aonverter. In the
proposed scheme, the unit cell of the multilevel converter consists of a-givegle PWM aac

converter using switching cell strucéuwvith coupled inductors. Therefore, the multilevel converter
be short and opercircuited without damaging the switching devices. Neither lossy RC snubber
dedicated soft commutation strategy is required in the proposed DVR. This improvemtiktyedlf

the DVR system. The output voltage levels of the multilevel converter increase with the nun
cascaded unit cells, and a high ac output voltage is obtained by uskwgltagerating switching
devices. Furthermore, a phestgfted PWM techique is applied to significantly reduce the size of
output filter inductor. A kW prototype of singleohase DVR is developed, and its performanc
experimentally verified. Finally, the simulation results are shown for a-fiilvase DVR system.
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ETPL Single Switch Non isolated Ult&tepUp DCi DC Converter with an Integrated
PELE -015 Coupled Inductor for High Boost Applications.

This paper introduces a new singhitch nonisolatedci dc converter with very high voltage gain a
reduced semiconductor voltage stress. The converter utilizes an integrated autotransformg
coupled inductor on the same core in order to achieve a very high voltage gain without using
duty cyck. Furthermore, a passive lossless clamp circuit recycles the leakage energy of the
magnetics and alleviates the voltage spikes across the main switch. This feature along with lo
on the switching device enables the designer to use a ldagechnd low Bson MOSFET, which
reduces cost, as well as conduction and turn on losses of the switch. The principle of op
theoretical analysis, and comparison supported by some key simulation and experimental res

500 W prototype are prested.

ETPL A ThreePhase Modular Multilevel DIDC Converter for Power Electronic
PELE -016 @ Transformer Applications.

A threephase modular multilevel eiic converter is proposed and analyZed power electronic
transformer (PET) applications. Similar to a dual active bridge converter, the proposed co
comprises two threphase inverters/rectifiers, coupled via a medium frequency (MF) transforme
modular multilevel converter struge is used in the mediuwoltage side to meet the higloltage
requirements and to reduce the dv/dt stress on the MF transformer. The frequency of the
through MF transformer (isolation frequency) is the same as the switching frequency of the
semiconductor devices, and zemltage switchingON can be achieved for all the devices. With o
one thregphase MF transformer, the proposed topology can greatly simplify the transformer
compared with the existed inpseries outpuparallel dedc converter structures for PET applicatio
A dualphaseshift method is presented to control the output power and to balance the subr
capacitor voltages. Simulations and experimental results are provided to validate the the
analysis.
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ETPL A New ThreePhase ACDCi AC Multilevel Converter Based on Cascaded Three
PELE -017 Leg Converters.

This paper proposes and investigates a new -pinase aiodci ac multilevel conversion syster
obtained from cascaded thrlsg converters. Such configuration presents advantages in terr
reduced switch blocking voltages and consequently lowdéinkwoltage rating. Operating principle
a pulsewidth modulation (PWM) technique based on vector approach, and a control stnate
presented. The operation with differentloik voltage values and a balancing method are discus
and is supported by simulation and experimental results. The PWM technique is able to ¢
multilevel voltage waveforms, which permits reducing #vetching frequency stress leading
reduced semiconductor losses. Simulation results are used to compare the proposed configura
a conventional solution in terms of harmonic distortion and semiconductor losses. Experimenta
demonstrate #feasibility of the studied converter, and were obtained by using a downscaled pr¢
with insulated gate bipolar transistors with dedicated drives and a digital signal processt
appropriated plugn boards and sensors.

ETPL Design andmplementation of closetbop control system for buck converter using
PELE -018 @ different techniques.

Comparing between different techniques for the design and implementation of-lolggetbntrol
systems for buck converters is carried out. Controllers used for this comparison are ir
proportional plus integral (PI) controllers and artificial intghce are represented in fuzzy log
controller (FLC) and tuned fuzzy logic controller (TFLC). Design and implementation of a c¢
system demand the role of effective techniques that offer simple and pragmatic solutions in sc
meet the performae requirements despite system disturbances and uncertainties. The occurt
nonlinear phenomena in buck converters makes their analysis and control difficult. Classica
techniques have stability limitations around the operapogts. Hence dgital and nonlinear
stabilizing control methods must be applied to ensure-sigyeal stability. Fuzzy control has also be
employed to control buck converters because of its simplicity, simplicity of design and simpli
implementation. Fuzzy contiiers are easily suited to nonlinear tiwariant systems and do n
require an accurate mathematical model for the system being controlled. They are usually ¢
based on expert knowledge of the converters. In this survey, the design proceduregraf,
proportional plus integral, fuzzy logic, and tuned fuzzy logic controllers are presented.
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ETPL High-Performance Quagl-Source Series Resonant TIIC Converter for
PELE -019 Photovoltaic Moduld_evel Power Electronics Applications

This paper presents the higlerformance quast-source series resonantdc converter as a candida
topology for the photovoltaic modulevel power electronics applications. The converter featur
wide input voltage and load regulation rangenitsato the multimode operation, i.e., when the sh
through pulse width modulation and phasdéft modulation are combined in a single switching st
to realize the boost and buck operating modes, respectively. Our experiments confirmed

proposedonverter is capable of ensuring ripfiiee 400 V output voltage within the sixfold variatic
of the input voltage (from 10 to 60 V). The converter prototype assembled achieved a ma
efficiency of 97.4%, which includes the auxiliary power and corslystem losses.

ETPL High-efficiency lowcost AC/AC buck converter with stability analysis
PELE - 020

The commutation issue is the most important limiting factor of expanding AC chopper applic
which in most cases are solved by employing snubber circuits, implementing-lsassdrselective
switching patterns and utilising resonant circuits. To aweie the commutation problem, this stu
proposes a novel nenesonant AC/AC buck converter with no snubber circuits and no sbased
switching patterns. The introduced hardware configuration and the proposed control strategy
a path for an indunte load current in all switching states. This converter offers higher reliability
efficiency as well as lower cost compared to the AC choppers with snubber circuits or volta
current sensors for performing a selective switching. This study psekeroperation principles of th
proposed hardware configuration and derives the stability condition thorough mathematical a
Moreover, the achievements are evaluated by simulation and verified by experiments.
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ETPL Reliability improvemat of transistor clamped-Hridgebased cascaded multilevel
PELE -021 inverter

Reduced voltage stress and latal harmonic distortion are the main causes for such widesy
application of multilevel inverters (MLIS) in various industrsgctors. However, reliability is one ¢
the major concerns of MLIs as it uses a large number of switches as compared Jatvetiro/erters.
Therefore, a newly developed transistor clampdatibge inverter is proposed in the literature wh
uses a relavely less number of switches and DC sources as compared with cascédieldelbut
lacks in reliability due to the absence of redundant states. Hence, in this study, the re
improvement strategy for newly developed fiegel transistor clamped -Hridgebased cascade
inverter is proposed which can be generalised for any number of levels. In the proposed fault
strategy, the fault can be broadly classified based on the two main legs of the proposed
Moreover, the proposed faultlépant strategy does not require any kind of external circuit
maintaining its capacitor voltage in the balanced state. Finally, to validate the concept, a lak
prototype of the fivdevel inverter is developed and results are obtained succgssfull

ETPL A Transformer less Bipolar Modular Multilevel DOC Converter with Wide
PELE -022 Voltage Ratios

This paper presents a transformerless bipoladdconverter based on seri@mnnected submodule
It is intended for transforming dc voltage and managing power flow for medium/bltge dc grids,
The dé dc converter is composed of positipele and negativpole subsystems, each of whi
consists of six arms/branches. Every two arms and one bameatonstructed into a-fype circuit
with the outer terminals interface to primaand secondargide dc buses. The twoetype circuits in
one subsystem are connected in parallel to transmit power between primary and secondary s
transformerlesstructure (none bulky coupled inductors as well) solves the challengeable inst
and cooling issues of the extremely higbwer magnetics in prior arts, while not sacrificing the po
efficiency and system reliability. A + 3KV 2-MW simulation model performed in
MATLAB/Simulink verifies the feasibility of the bipolar @idc converter. Experimental resul
obtained from a laboratory setup also confirm the validation of the proposal.
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ETPL A Highly Reliable and HigtEfficiency Quasi SingkStage Buck Boost Inverter
PELE - 023

To regulate an output ac voltage in inverter systems having wide input dc voltage variatior,
boost power conditioning system is preferred. This paper proposes a novelfluigimcy quasi single
stagesinglephase buclboost inverter. The proposed inverter can solve current-shiatgh problem
and eliminate PWM dead time, which leads to greatly enhanced system reliability. It
bidirectional power flow and can use MOSFET as switching device utithaedy diode conducting
The reverse recovery issues and related loss of the MOSFET body diode can be eliminated. T
MOSFET contributes to the reduction of switching and conduction losses. Also, the proposed
can be operated with simplelpe width modulation (PWM) control and can be designed at hi
switching frequency to reduce the volume of passive components. The detailed experimenta
are provided to show the advantages of the proposed inverter. Efficiency measurementahusivigt
simple PWM control the proposed inverter can obtain peak efficiency of 97.8% feWW1ldutput
power at 3&kHz switching frequency.

ETPL A Novel StepUp Multi input DQ DC Converter for Hybrid Electric Vehicles
PELE -024 @ Application

In this paper, a multiinputic-dc converter is proposed and studied for hybrid electric vehi
Compared to conventional works, the output gain is enhanced. Fuel cell (FC), photovoltaic pa
energy storage system are the input sources for the proposed converter. TheriSlgsemb as the
main power supply, and rotdp PV is employed to charge the battery, increase the efficiency
reduce fuel economy. The converter has the capability of providing the demanded power by
absence of one or two resources. Moreover power management strategy is described and ap
in a control method. A prototype of the converter is also implemented and tested to verify the a
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ETPL Reliability Evaluation of Large Scale Battery Energy Storage Systems
PELE - 025

This paper analyzehe reliability of large scale battery storage systems consisting of multiple b
modules. The whole system reliability assessment is based on the reliability evaluation of
components including individual battery modules and power electromi@gers. In order to evaluat
the reliability of a battery module, a reliability model based on the state of health of individual |
cells is introduced. The state of health of a battery cell is calculated based on the capacity fa
cell usinga weighted Amperaour throughput method. A universal generating funetiased methoc
is then introduced to evaluate the reliability of the battery module. The reliability model of dc/ac
electronic converters is also presented in this paper. Tiabiliey analysis is conducted for batte
storage systems with different system configurations and management strategies, and the infl
system configuration on the reliability of battery system is studied. Comparative studies are co
for a dassic battery energy storage system (BESS) and a reconfigurable BESS (RBESS) to den
the advantages of having a reconfigurable system topology. The comparison results show
proposed RBESS has higher system reliability and more power othipotghe classic BESS.

ETPL Modified Synchronous Pulse width Modulation of CurrEetd FiveLevel Inverter
PELE -026 @ for Solar Integration

Largescale photovoltaic (LSPV) energy conversion systems have been installed at many place
the world. The essential component of the LSPV system is tae donversion stage. The usage
multilevel converters is one of the recent advances iddtee conversion stage of the LSPV syst
to enable transformdess inversion. Curresfed multilevel inverter has been chosen in this paper
provides high power inversion with inherent voltage boosting, and thus, avoids the us
transformer. Hyh power conversion necessitates low device switching frequency operation in 0
satisfy thermal constraint of semiconductor devices and also to improve efficiency. Howeve
device switching frequency operation leads to higher harmonic distoitionerter output currents
Synchronous optimal pulsewidth modulation (SOP) technique is an emerging low device sw
frequency modulation technique that has been successfully implemented for-goltage multilevel
inverters. However, the statd-the-art SOP technique cannot be directly applied to modulate cur
source multilevel inverter topologies due to additional constraints on the switching commut
Therefore, the purpose of our study was to propose a modified SOP technique to émhidegice
switching frequency and minimal harmonic distortion of inverter output currents. The topold
currentfed five-level inverter was used for demonstrating the performance of proposed techni
generalized conversion method was introducatiermodified SOP technique for including switchi
constraints of the curreiféd inverter. In addition, a stagequencing machine was developed
utilizing redundant inverter states to produce equal switching commutation among all semico
devicesat minimal switching frequency of 350 Hz. The experimental results obtained from the
level currentsource inverter of 1.2 kW demonstrated the effectiveness of the proposed SOP tec

Elysium PRO Titles with Abstracts 20118
/€

ELIM CROUFS




2 ELYSIUMPRO

ELTSILIMFHO A UNIT O ELYSIUM GROUPS

BB (B ERRRE P BEE TF

ETPL A ThreelLevel LC-SwitchingBased Voltage BoostRC Inverter
PELE - 027

A singlestage highvoltage gain boost inverter is getting popularity in applications like s
photovoltaic, fuel cell, uninterruptible power system (UPS) systems, etc. Recentlystagges/oltage
boost multilevel Zsource inverter (ZSI) and quagisource inverter (QZSI) have been proposed
dc-ac power conversion with improved power quality. Multilevel ZSI uses more number gidwggdr
passive components in the intermediate network, which increase the system size and weight.
input currenis discontinuous in nature which is not desirable in some of the applications like fué
UPS systems, hybrid electric vehicle, etc. In this paper, a continuous current inpuévktdeC-
switchingbased voltage boost neutfaint-clamped inverters proposed, which uses comparative
less number of higlpower passive components at the same time retains all the advantages of m
QZSI/ZSI. It is able to boost the input dc voltage and give required-liwekac output voltage in
single stge. Steadystate analysis of the proposed inverter is discussed to formulate the relati
between the input dc voltage and thlexel ac output voltage. A unipolar pulse width modulat
technique devised for the proposed inverter to eliminate Braec band harmonics is also present
The proposed converter has been verified by simulation in MATLAB Simulink as well as perfo
experiment with the help of a laboratory prototype.

ETPL A New SinglePhase Switche@oupledinductor DQ AC Inverter for Photovoltaic
PELE -028 Systems

This paper presents a new singlease switchedoupledinductor deac inverter featuring highe
voltage gain than the existing singlease gZource and serd-source inverters. Similar to th
singlephase gZource and send-source inverters, the proposed inverter also has common gre¢
between the dc input and ac output voltages, which is beneficial especially for photovoltaic i
sysems. The inverter volume and maximum current flowing can be reduced significantly throu
coupling of all inductors. A theoretical analysis of the proposed inverter is described and\a
experimental prototype is built to verify the performancehefitiverter.
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ETPL Hybrid Z-Source Boost DCDC Converters
PELE - 029

This paper presents a new family of hybrigd@lirce boost ddc converters intended for photovolta
applications, where the high stap dedc converters are demanded to boost thedource voltages
to a predefined grid voltage. Because the boost catgebibf the traditional Zource networks ar
limited, the proposed converters are composed of combine traditis@irée networks in differen
ways to enhance the boost abilities of the traditionabdrce networks. The new version of t
proposed Zsource converters is termed as hybrigsaurce boost ddc converters to satisfy th
traditional benefits of Zource networks with stronger voltage boost abilities which can also be a
to dcac, aeac, and aac power conversions. The performancestied proposed converters a
compared with other -Bource networks behaviors. The simulation and experimental results
proposed converters are validated at different operating conditions.

ETPL Maximum Boost Control of DiodéssistedBucki Boost VoltageSource Inverter
PELE -030 @ with Minimum Switching Frequency

Diode-assisted buckoost voltagesource inverter achieves high voltage gain by introducing a sw
capacitor based high steyp dedc circuit between the dmurce and inverter bridge. As for the unig
structure, various pulse width modulation (PWM) strategies are developed with regard to the ¢
intermediate ddink voltage. In order to maximize voltage gain and increase efficiency, this |
proposes aovel PWM strategy. It regulates the average value of intermediditekdmltage in one
switching time period (J the same as the instantaneous maximum value ofpinese line voltage
by controlling the front boost circuit. Then, the equivalent sviiig frequency of power devices in tk
inverter bridge can be reduced to {f3f= 1/Ts). The operating principle and closkxbp controller
design are analyzed and verified by simulations and experiments. Compared with existing
strategies, the new otrol strategy demonstrates less power device requirement and higher effi
in high voltage gain applications. It is a more competitive topology for wide range dc/ac vi
regulation in renewable energy applications. Furthermore, with new con@ttgsty the deside
inductor current and capacitor voltage containstisime linefrequency ripples. To overcome tk
undesired influence of low frequency ripples, it is also suitable for8@00Hz medium frequenc
aircraft and vessel power supply system.
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ETPL A Novel ZVS DQ DC Full-Bridge Converter with HoldJp Time Operation
PELE - 031

Two stage aadc converters consisting of freehd power factor correction fadc boost converte
followed by an isolated dclc converter form the industry workhorses for powering network ser
telecom, and other dc loads. For safe and uninterruptea@tepeduring sudden intermittences
power supplied from the ac mains, thédwpower converter should be able to supply the load
constant dc output voltage in order to prevent them from unwanted resetting or in other words
sufficient holdup time (HUT) operation. This paper proposes a novetidmonresonant fulbridge
converter with extended HUT capability and reducetirdcstorage capacitance.

ETPL Variable Angle Phaseshifted PWM for Multilevel Thre«Cell Cascaded HBridge
PELE -032 @ Converters

Multilevel cascaded Hbridge converters have become a mature technology for applications
high-power medium ac voltages are required. Normal operation of multilevel cascadedgel
converters assumes that pdiwer cells have the same dc voltage, and each power cell genera
same voltage averaged over a sampling period using a conventionaisplitese pulse width
modulation (PWM) technique. However, this modulation method does not achieve good rekarlt
unbalanced operation per-litidge in the power converter, which may happen in-gonected
applications such as photovoltaic or battery energy storage systems. In the paper, a si
mathematical analysis of the phadefted PWM technique is pgented. In addition, a modification ¢
this conventional modulation method using variable shift angles between the power cells is intr
This modification leads to the elimination of harmonic distortion of-¢émder harmonics due to th
switching (trangular carrier frequency and its multiples) even under unbalanced oper:
conditions. The analysis is particularized for a threlk cascaded Hridge converter, anc
experimental results are presented to demonstrate the good performance of thedprogghdation
method.
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ETPL A Modular Multilevel DA DC Converter Topology with a Wide Range of Output
PELE -033 \Voltage

To solve some problems caused by the ac control method used for the existing modular mukil
dc converter (MMDC), this paper has proposed a new MMDC topology with a wide range of
voltage by means of dc control. By reconstructing the submatiuieture, the converter has a pow
branch and an auxiliary balance branch, which are used to transmit dc power and balance the
voltage, respectively. Both dc analysis and control method are adopted to establish a math
model so as to dede the mathematical relationships between the key electrical parameters. Mo
what have been done include analyzing thelsaliincing principle of the capacitor voltage and
mechanism of the auxiliary balance branch, calculating the related gterarof the capacitor voltag
fluctuation, and presenting a dc clodedp control strategy based on a snsdinal model. The
analyses of the steady and dynamic states in combination with simulation and experiment sk
the proposed converter canldtaoperate in the mode of dc control, with a large adjustable ran
output voltage, a small fluctuation in voltage of the capacitor, and the ability of the inductor to st
the spike of the auxiliary balance current effectively so as to reducaplet on the device.

ETPL A Flying-Capacitor Modular Multilevel Converter for Mediuwoltage Motor Drive
PELE - 034

This paper presents a flyirgapacitor modular multilevel converter (MIMC) based on series
connected submodulel is intended for completely improving the performance of a medioitage

motor drive system in the entire speed range especially at zero/low speed under rated torque ¢
The proposed FMMC circuit is characterized by the cross connection peaand lower arm middlé
taps through a flying capacitor in per phase leg. By properly controlling the ac current flowing t
the flying capacitor, the power balance between upper and lower arms is achieved, leading
small voltage ripples on saidule dc capacitors in the entire speed range from standstill to rated
even under the rated torque condition. Meanwhile, no corrmute voltage is injected. Simulatic
results obtained from a 4160 1-MW model show that the proposed fMMC along with the

proposed control method performances satisfactorily in dynamic and static state even when

at zero/low speed. Experiments on a downscaled prototype also prove the effectiveness of the
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ETPL Modelfree predictive currertontrol for threegphase AC/DC converters
PELE - 035

A novel modelfree predictive current control (MFPCC) approach for tiplease AC/DC converter
is proposed, which only measures the input currents and calculates their differencedifterdat
switching states. Existing modehsed predictive current control (MBPCC) methods are base
converter models and thus require the knowledge of input current, input and terminal vc
resistance, and inductance. Compared to the MBPCC, @hreadvantages of the proposed MFP
include eliminations of the converter model, multiplication operations, and tuning of s
parameters. Simulation results show that the proposed MFPCC controls the input current slight
than does the MBPCC. Berimental results are provided to validate the effectiveness of the pro
method, which are obtained from a thygease AC/DC converter under the specifications of 38
output voltage, 220 V/AC input voltage, and 1000 W output power. The measureshiworders
2-19 are shown to meet the IEC616®Q2 Class A standard under 1000 W of output power. To
authors' best knowledge, it is the first MFPCC for such applications.

ETPL A Single Stage HighFrequency Resonant AC/AC Converter
PELE - 036

In many applications, such as larggale LCD panel backlighting, street lighting, tunnel lighting, €
an acdc lightemitting diode (LED) driver should realize the following three functions at least: p
factor correction, multichannel constant current outputs, and galvanic isolation. A novatiatyec
multichannel constant current ac/dc LED driver with aémst and simple structure is proposed in t
paper, which is composed of a hiffaquency resonant ac/ac converter and as many passivd L
resonant rectifiers as the number of the output channels. The high frequency resonant ac/ac

is focusedon in this paper, which converts thela® input voltage into high frequency sinusoic
output voltage. First, topology derivation of the singfl@age higHrequency resonant ac/ac conver
is presented, also the operating principle of it. Then, treglgtate performance of it is complete
analyzed, including its input power factor, voltage gain, total harmonic distortion of its output v
and its softswitching condition. Finally, a 130 W prototype is built and the experimental resul
given to verify the theoretical analysis.
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ETPL Distributed Optimal Coordination for Distributed Energy Resources in Power
PELE -037 Systems

Driven by smart grid technologies, distributed energy resources (DERs) have been rapidly de
in recent years for improving reliability and efficiency of distribution systems. Emerging DERS r¢
effective and efficient coordination in order topeheir potential benefits. In this paper, we consi
an optimal DER coordination problem over multiple time periods subject to constraints at both
and device levels. Fully distributed algorithms are proposed to dynamically and automé
coordnate distributed generators with multiple/single storages. With the proposed algorithn
coordination agent at each DER maintains only a set of variables and updates them through inf
exchange with a few neighbors. We show that the proposeditaige with properly choser:
parameters solve the DER coordination problem as long as the underlying communication ne
connected. The simulation results are used to illustrate and validate the proposed method.

ETPL Multiple Solutions ofOptimal PMU Placement Using Exponential Binary PSO
PELE -038 @ Algorithm for Smart Grid Applications

For smart grid execution, one of the most important requirements is fast, precise, and ¢
synchronized measurements, which are possible by phasor measurement unit (PMU). To achi
observable network with the least number of PMUs, optimakpieat of PMU (OPP) is crucial. |
trying to achieve OPP, priority may be given at critical buses, generator buses, or buses that a
for future extension. Also, different applications will have to be kept in view while prioritizing F
placement. Here, OPP with multiple solutions (MSs) can offer better flexibility for differ
placement strategies as it can meet the best solution based on the requirements. To provide
effective exponential binary particle swarm optimization (EBPSO) algorighdeveloped. In this
algorithm, a nonlinear inertaveightcoefficient is used to improve the searching capability.
incorporate previous position of particle, two innovative mathematical equations that can
particle's position are formulated. Foprick and reliable convergence, two useful filtration techniq
that can facilitate MSs are applied. Single mutation operator is conditionally applied to
stagnation. The EBPSO algorithm is so developed that it can provide MSs for various p
contingencies, such as single PMU outage and single line outage for different systems.
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ETPL Optimal PMU Placement for the System Observability Based on System Topolc
PELE - 039 Model

In order to improve the synchronous phaswasurement unit (PMU) configuration efficiency a
enlarge its application in the largeale system, a novel PMU configuration method based o
system topology model and considering zero injection buses is proposed. This proposed
considers dfierent cases of buses connection including leaf nodes, buses with the most an
number of connection branches and buses with two branches. For the buses with the most n
connection branches, the degree of links between buses is proposedninee®iU placement. Ir
addition, in the process of PMU configuration, the observable and unobservable buses are
obtained by topology model, which avoids matrix operations and speeds up the speed. The
method is tested on the three systams the results show the proposed method is correct and effe

ETPL A Flexible Voltage Bus Converter for the-AB-V Dual Supply System in
PELE -040 @ Electrified Vehicles

Due to an increasing-mehicle electric load demand, a newM&lectric system architecture propos
by German premier car manufacturers has been gaining increasing attention recently for el
vehicles. In this paper, a multipl@ltage bus convesr for the 48V and existing 12/ dual supply
system, providing additional flexible dc bus voltages, is proposed. The proposed converter can
a dual flexible dc voltage bus and an additional dependent voltage bus while simultaneously m
the 12-V supply net using only one singleg switch pole and a diode. The additional dc voltage b
will provide more options to accommodate variable electric load components in a vehicle, img
their power density. Due to the multiple control objectjtas singleleg pole requires a multimod
switching strategy to regulate the additional bus voltages. To improve the onboard vehicle
reliability and performance, an impedance network structure is implemented in the converter tc
a deadtime-free pulsewidth modulation (PWM). Simulation and experimental results are prese
verify the feasibility and effectiveness of the proposed structure and control method.
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ETPL Experimental Validation of a Single DC Bus Cascaderidge Multilevel Inverter
PELE -041 for Multistring Photovoltaic Systems

For largescale photovoltaic (PV) systems, the multistring configuration is becoming more and
attractive compared with the classical central inverter, since it resbist@r energy yield by realizin
distributed maximum power point tracking. Among the existing solutions, an attractive tog
consists in a single dc bus bar collector cascadbdddie (CHB) inverter. Through the use of a sin
dc bus bar collector, 6hCHB inverter presents inherent balanced operation while the multistring
system is fully decoupled from the giié inverter. This paper proposes the experimental valids
of this structure on a reducstze singlephase laboratory prototype. Resutonfirm the interest o
the proposed PV multistring architecture.

ETPL Distributed PowefGeneration Systems and Protection
PELE - 042

Continuously expanding deployments of distributed pegereration systems (DPGSSs)
transforming the conventional centralized power grid into a mixed distributed electrical networ
modern power grid requires flexible energy utilization but presgmfienges in the case of a hig
penetration degree of renewable energy, among which wind and solar photovoltaics are typical
The integration level of the DPGS into the grid plays a critical role in developing sustainab
resilient power sysims, especially with highly intermittent renewable energy resources. To ac
the challenging issues and, more importantly, to leverage the energy generation, stringent ¢
from both utility operators and consumers have been imposed on the DP®G8rrRare, as the cor:
of energy conversion, numerous power electronic converters employing advanced control teg
have been developed for the DPGS to consolidate the integration. In light of the above, thi
reviews the poweconversion and contrtechnologies used for DPGSs. The impacts of the DPG
the distributed grid are also examined, and more importantly, strategies for enhancing the co
and protection of the DPGS are discussed.

Elysium PRO Titles with Abstracts 20118
=7C

ELIM CROUFS




2 ELYSIUMPRO

ELTSILIMFHO A UNIT O ELYSIUM GROUPS

BB (B ERRRE P BEE TF

ETPL ThreePhase Thretevel Phase&shiftedPWM DCi DC Converter for Electric Ship
PELE -043 MVDC Application

A threephase thredevel phaseshifted pulsewidtimodulation (PSPWM) ddc converter is propose
for electric ship mediurvoltage direct current application. Output voltage is controlled
Il ncorporating PSPWM. Gate signals of each
results in a decrse in output voltage ripple. Major features of the converter include: 1) good dyr
performance under low switching frequency; 2) fault tolerance capability; and 3) plug an
capability. In order to obtain behavioral and performance characteri$tibe proposed converte
detailed analytical and hardware in loop simulation studies are carried out. Finally, the viability
scheme is confirmed through detailed experimental studies on a MW lduds, drototype develope
for the purpose.

ETPL A Current Control Scheme of Brushless DC Motors Driven bySwitch Three
PELE -044 @ Phase Inverters

Based on the brushless dc motor driven by a$ouitch threephase inverter (FSTPI), a current cont
scheme is proposed to reduce the current ripple of both the normal conduction region
commutation region. Assuming-phase winding is connected the middle point of a dink
capacitance, in the normal conduction region whphase and4phase windings conduct, the curre
of c-phase may not be zero because-phase back electromotive force. The proposed strategy
two regulating vectors to each control cycle based on the traditional PWM scheme, and contrg
c-phase current to be zero by controlling the working time of the regulating vectors in each
cycle. In the commutation region, the noncommutated phase or the outgoingwhelsés modulated
by comparing the change rate of the incoming and outgoing phase currents to maint
noncommutated phase current constant. Compared with the traditional current control strateg
control effect is kept in both the normal contian region and the commutation region by accura
controlling the working time of the voltage vectors. The proposed strategy does not need to ac
parameters of the controller, and it is simple and easy to implement. The experimental resall
the correctness and effectiveness of the control strategy.
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ETPL A High Stepup PWM DGDC Converter with Couplethductor and Resonant
PELE -045 SwitchedCapacitor

Based on the brushless dc motor driven by a$ouitch threephase inverter (FSTPI), a current cont
scheme is proposed to reduce the current ripple of both the normal conduction region
commutation region. Assuming-phase winding is connected the middle point of a dink
capacitance, in the normal conduction region whphase and4phase windings conduct, the curre
of c-phase may not be zero because-phase back electromotive force. The proposed strategy
two regulating vectors to each control cycle based on the traditional PWM scheme, and contrc
c-phase current to be zero by controlling the working time of the regulating vectors in each
cycle. In the commutation region, the noncommutated phase or the outgoingwiesé modulated
by comparing the change rate of the incoming and outgoing phase currents to maint
noncommutated phase current constant. Compared with the traditional current control strateg
control effect is kept in both the normal contian region and the commutation region by accura
controlling the working time of the voltage vectors. The proposed strategy does not need to ac
parameters of the controller, and it is simple and easy to implement. The experimental resail
the correctness and effectiveness of the control strategy.

ETPL Power Stage and Feedback Loop Design for LLC Resonant Converter in High
PELE -046 @ SwitchingFrequency Operation

As converter switching frequencies are moving toward megahertz frequencies for high power
secondary leakage parasitics that were previously negligible have to be considered in math
modeling for LLC resonant converters. At higlitchingfrequency operation, the power stage des
must take secondary leakage inductance into account because it can affect tloaiipputoltage
gain. In addition, the feedback loop design should consider the effect of the time delay cause
performancelimitation of a digital controller to improve the smalgnal model accuracy of th
converter. Using the proposed power stage and feedback control loop design considerations,
resonant converter can achieve high power conversion efficiency anldystathancement at higl
switching frequencies. All the proposed methods are experimentally verified using/é @4@otype
LLC resonant converter operating aMHz switching frequency.
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ETPL A CurrentFed Isolated Bidirectional D@C Converter
PELE - 047

This paper proposes a currdatl isolated bidirectional ddc converter (CHBDC) that has the
advantages of wide input voltage range, low input current ripple, low conduction losses, a
switching over the full opating range. Compared with conventionatBBCs, the voltage spikes @
the lowvoltage (LV) side switches in the proposed converter can be eliminated without add
clamp circuits. The converter adopts the pulse width modulation plus hybridgitisentrol scheme
such that the bus voltage can match the output voltage by means of the transformer. Thus, th
stresses and conduction losses of the converter become lower. In addition, the practical zerc
switching (ZVS) of the secondaside switches can be realized by adjusting the pkh#t angle
within the secondary side when in light load or no load condition. The operating principle
characteristics including the power transfer, no@ansquare (RMS) current, and soft switchigug
investigated in detail. Then the design guidelines of inductors are also given. Finally an exper
prototype with 3660 V input and 400 V/2.&noutput is built to verify the correctness of theoreti
analyses.

ETPL Adaptive CurrenMode Control of a High Stefyp DCi DC Converter
PELE - 048

A new adaptive curreanode control of a high steyp dedc converter is presented. The convet
gives a very high voltage gain without using a transformer and maintains low voltage stress ac
power devices. The adaptive controller is formed byliamg the existing curreanode control law
and an adaptive law that generates the inverse of the load resistance. The structure of the
adaptive law is such that the derivative of the estimate is both optimized and bounded. To facil
contoller design, the derived averaged stgtace model of the converter with parasitic elemen
used. An approximate stability analysis is carried out to gain some insight into the behavior
adaptivecontrolled system. Some experimental results gamng the performance of the propos
adaptive currenmode controller with that of the existing currenbde controller are also presente

Elysium PRO Titles with Abstracts 20118



