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ABSTRACT

Power electronics play a crucial role in industrial applications, with electric vehicles (EVs)
being one of the most prominent examples. EVs rely on battery chargers to replenish their
battery packs, making features like efficiency, high power density, and reliability essential
in such systems. Traditional grid-connected EV chargers typically use an AC-DC-DC ar-
chitecture. However, this design often involves bulky electrolytic capacitors in single-phase
converter systems, contributing to a larger overall footprint. A promising alternative to
these capacitors is the use of active power buffers (APBs). APB converters enable the use
of low-capacitance DC-port capacitors by either transferring the ripple from the DC port to
another component within the circuit or by generating a counter-ripple waveform to cancel
it out. These converters offer significant advantages, such as enhanced power density, im-
proved reliability, and better input/output power quality. Due to these benefits, APBs were
prominently utilised by participants in the Google Little Box Challenge, an industry-level

competition aimed at advancing the power density of AC-DC converters.

Although APBs offer several advantages, their industrial application has been limited.
This is mainly due to the considerable efficiency loss compared to passive solutions, the
increased system complexity from adding switches and sensors, and their lack of robustness.
While some challenges have been addressed through research, others remain under investiga-
tion, particularly regarding their practical implementation. This thesis focuses on the design
and development of converters and techniques aimed at reducing capacitor requirements in
single-phase and single-phase-derived converters. It presents novel and enhanced modu-
lation and control strategies for APB converters, with a focus on improving performance
and reducing complexity. To minimize ripple at the load end while using low-value capac-
itance, two types of APB topologies are examined: non-integrated and integrated APBs.
The unique challenges of each category are addressed, and their suitability for EV chargers

is analyzed in this thesis.

Non-integrated APBs are commonly explored topologies for reducing capacitor ripple in
AC-DC systems due to their independent control and plug-and-play operation. Based on
their power processing capabilities, non-integrated APBs can be further classified into two

categories: complete-power processing APBs and partial-power processing APBs. Complete-
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power processing APBs, which are most commonly used, tend to have higher efficeicny drop.
Many researchers have proposed control and modulation techniques to improve the efficiency
of these APBs, bringing their losses closer to those of passive solutions, such as electrolytic
capacitors (E-caps). Although operating these APB converter in a critical-conduction mode
can reduce switching losses, this technique is not beneficial at high power levels. This
thesis addresses enhanced modulation and control strategies for complete-power processing
APBs, aimed at further improving efficiency across a wide range of operating conditions
and optimizing performance during dynamic periods. Furthermore, partial-power processing
APB converters, which exhibit efficiency comparable to passive solutions, have the drawback
of an increased sensor count. This issue is tackled by introducing an adaptive non-linear
control strategy to reduce reliance on sensors, thereby enhancing reliability and reducing
system complexity. All modulation techniques and control algorithms are developed in the
MATLAB/Simulink environment, followed by magnetic and thermal simulation validation
in COMSOL Multiphysics. Finally, experimental verification is conducted on various two-
layer PCB prototypes of different APB converters, as well as a conventional front-end AC-DC

converter, using the Texas Instruments TMS320F28379D microcontroller.

To enable power decoupling with minimal or no additional semiconductor switches, the
adoption of integrated APB converters has been proposed in the literature. These convert-
ers have gained attention in the research community in recent years due to their reduced
cost and lower system complexity. This thesis also investigates the potential of integrat-
ing a secondary-stage DC-DC converter with the APB, thereby maintaining the front-end
H-bridge-based AC-DC converter structure and paving the way for the use of integrated
APBs in multilevel converters. Furthermore, the thesis explores the possibility of repur-
posing the decoupling circuitry of integrated APBs to add multifunctional capabilities in
EVs. The integrated APB converters are first validated conceptually through simulations
in MATLAB/Simulink and Ansys MAXWELL, followed by experimental verification using
SiC MOSFET-based hardware prototypes.



gRIL

UTeR SeicheRi-Ichd ST Tich STTURANT! H Yeh HEdagRuT HHchT AT &, SR Setcheich atgt
(EVs) ol Ga8 A I&TE0N # § eh HMHT ST 81 EVs U dedt Grd hl BR T IR et
& TG e TRERE TR TRIR d §, STRIY §H URehR e ARICHH H Sehvdl, S Urer SHIT 3R
gfEa-taar St afvdrg sirazes gt STt g | URWRfh RS- drend € EV IRRY 9HHId: Uh
AC-DC-DC Reh{EeHR T IUTNT &hd & | gTcTichi, T8 SFTTe SrcheR AffieT-ha ehriaer IReHd
7 R} SelchelIeiTse ch ShUHTITH hT IUTNT ehedT g, S GX FRISH I SThR JGH & FNGH Shedl 8l
S hUTeH & Uech SHTRITSTh dfcheld ch YU H TR UTeR Sl (APBs) I IUTNT AT ST ehdT
g1 APB &g, DC URe By & M oA o ol ITTNT &t i SIgAdT &d &, ar dt
DC URe & AU ol Wehfe o it 317 "eeh H TIHHR Sheh, AT Yeh he-I(UeT IThIA ST
Hh 3 IGE P D GIRT| T H1aeT AEdaYT oY UEH hid &, i i dgax urar S4fd,
JER IfRAEEIT 3R SgaR 3G/ HIYE UTaR hdTelct| 39 A1t &h hRUl, APBs ol GRHE I
Y IUANT AT 7T AT T Affer diend Aot |, STt Yeh IINT-HRII WRARINTAT & SIiRiehr Sead
AC-DC ShTeReZ™ ohl UTeR 4fd &l sg1 81

gl APBs @3 o1 UR& &hed g, 3-1ch JIqaNIich SIuxanT HHAfd 8 1 SHhI J@I BRI
Ig & ohf 9 UrHfd GHTTT Sl JoT=IT # Tt SR 8HT ohid &, Hafey 3R TR site § Iifed &t
STeferd 516 STt 8, 3fIR Sl ASTdT &l hHl Bidit §1 STelehl e I h QATer & HATUTH & g
AT AT 8, 37 37+t off S o o7efi g, IfAw YW T I quTIERIch FRAFGIA P Ty 7| Ig MY
G-t 3R F-BST-qG AU h1aRedd | hudeR ahl STk i ehH - & 1Q Sfe
3R Iehiet & afchrd IR sheRfd 81 T8 APB Sha=ed o AfQ A 3R I Alger iR ARiqRor
TOHIART UREId el 8, ST-ehl IGaA TR i YURAT 3R Sieferdl Pl H il gl dlg &
3id IR AV Pl HH A B AR 3R HH T aret HUTRA T IUTNT A g, & TR @l APB
CIaIGATSITST Shl ST ehl ST &: AH-3RES 3R §¢RET APBs| [Rddeh RUft ot afrite gtar
ol Hatufa AT ST 8, 3R EV IRSIY @ HaxH # 3eh! JUYchddT hl JIRAATUT AT STTaT 81

A-ZREE APB hiaRe<d ol AC-DC TREHY & ShuafR AUt ol v et & Al THFId:
AN TaterStisT AT ST 8, haieh! S0 JaddR AT 3R YeliT-Us-Uet 31U gid1 8| 31ch
OTaR GRS RuAArstt & YR |, AM-3¢ReE APBs &l & SRURT & SR afdrifa i s
GohdT ¢: JRUT-UTaR QRIAGRT APBs 3R srigifh-urer qRI¥EM APBs GRUT-UTeR RIGERT APBs,
S QAT IUINT hiQ ST €, IId ek g o A URgad gid &1 g MeRArstt 3 g
APBs ohl GehNdT bl GURA & AfY ARGRUT 3R Aiger deh-tchl ohl YRIATE HiAT 8, SR ITeht
gHRT Oufa FaTaMl, S9 of gocheiansefch huufdd (E-caps), o HM gl SId! g1 glelichl,
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AR Dl xfefchal-cheehe™ Als # I & qafafit gt ol hd HRAT ST FhdT 8, I8 dehriich
S UTeR Rt IR ATHGBRT Aol gid! 81 I8 MY GRUT-UTaR RAART APBs & AfQ ITAd Alga 3R
fiaRoT IR et datufa rar 8, ST Igar sitRe i qufafdit st aRigd EEe # Gy
ohl 3R URAT 3R Tdffer sraefdit o dRM UREIRM el SIgehel(d T &1 §8eh 3Telra, Sfirfeh-urer
RIGART APB Shrlaxe<d, i 99 GHTEM! & THH SehNdT URERIT $hed &, 3h T Ueh STdRfchd
YR chl HTGRhd] hT TR BIdT 81 Tg MY 3 AT hl GHTY Teh AJchetet Ai-ARR
FRaROT Tl GaRT e 8, STt EER UR ARWRAT ohl i hedT 8, 39 URhR df[EE=1IdT hl I&IdT &
3R GRYeH ol Seferdr il gerdr g | T+t Arge den-ieh 3R TRRUT TepRieAT MATLAB/Simulink
araTaRr & afhafa ot St €, 39 a1e COMSOL Multiphysics # #Hefh iR erAe affdm
TqATY AT ST 81 3id &, aMNFT APB Shawexd & afif at-ura diefielt qrictersat o iR
Teh URWRfh thie-U8 AC-DC &a%eX W, Texas Instruments TMS320F28379D ATSehIcheioRk
T JUTNT Thech YRANTIHD TATI AT ST B

gTeR fehuetfl t Tenwd g9 & Al qgAaH a1 af1 sraRfehd dftergeher Hafd &, Tenlerd
APB Sha3e3d ohl STUATA Al [RYATE SRT TT g1 39 She{a3ed A 8TeT ch aS! | S7U-T &hH d1Td
3R hH AREH FefordT & HRUT MY T | A IR AT g1 39 MY F APB & A1I
Qeh @ fciideh-TR0T DC-DC Sh{aReR ohl Tehtehd e chl HHTEHT ent Y ST ent 718 8, dTehf thie-Us
H-sRRT 3MeRfd AC-DC &h{eReR H3EHT 1Y I&d gU, Yehlehd APBs @l Heldlelddl shiaied
STINRT o AT AR YR AT STT Heh | $Hh 37T, Tg HRY Yehichd APBs @ Sfhuafi Txenfedt
hT G: JUTANT A chl THTIAT T AT BT g dlehl EVs H Tg-hRATIHS RYAANS el S
Yoh| Yehlchd APB &haRedd ht Ugal MATLAB/Simulink 3R Ansys MAXWELL # Gfiei=
& HIYTH ¥ AGURUIAH 0 ¥ Fqarafd &RAT ST 8, 3R BR SiC MOSFET-3MeRA gRERR
TRICICTEY Rl IUANT chich URANTIAHD AqATY hiAT ST g
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DLFR
E-caps
EV
EMI
GaN
GPIO
HF
HFIT
HPF
IAPB
IGBT
IOBEV
LF
LPF

ABBREVIATIONS

Alternating Current

Analog-to-Digital

Active Power Buffer

Battery Energy Storage

Band Stop Filters

Constant Current

Continuous Conduction Mode

California Energy Commission

Cascaded H-Bridge

Critical Conduction Mode

Constant Voltage

Dual Active Bridge

Direct Current

Discontinuous Current Mode

Dual Half Bridge

Double-Line Frequency Ripple

Electrolytic DC-Port Capacitor

Electric Vehicles

Electromagnetic Interference

Gallium Nitride

General Purpose Input/Output

High Frequency

High Frequency Isolation Transformer

High Pass Filters

Integrated Active Power Buffer

Insulated Gate

Bipolar Transistor

Integrated On-Board EV

Low Frequency

Low Pass Filters
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MMC
MOSFET
MPPT
MPC

MV

Modular-Multilevel Converters
Metal-Oxide-Semiconductor Field Effect Transistor
Maximum Power Point Tracking

Model Predictive Control

Medium-Voltage

MUT-MPC Modified Unit Template Based Model Predictive Control

PET
PI
PMSM
PR
PV
PWM
SiC
SOC
SSB
TCM
THD
ZCD
ZVS

Power Electronic Transformers
Proportional Integral
Permanent Magnet Synchronous Motor
Proportional Resonant

Solar Photovoltaic

Pulse Width Modulation
Silicon-Carbide

State of Charge

Series-Stacked Buffers
Triangular Current Mode
Total Harmonic Distortion
Zero-Crossing-Detection

Zero Voltage Switching

xXxii



CDCI
CDC2
Cpbc

Cy

COSS
A‘/;lc

dy

Eory
EO?’L
fline
fsw

Jow
floss(x)N
fvolume(x)N
H

hi,c,

hi 1,

Lip

1

U HF

Uy, LF
Z.b,max

1p, min
igaa igba Z‘gc
ig

Lo

le

Ly

de

NOMENCLATURE

Split DC-link or DC-port Capacitances
Split DC-link or DC-port Capacitances
DC-link or DC-port Capacitance

APB converter’s Capacitor

Switch-node equivalent capacitance

DC-link or DC-port low-frequency voltage variation
Duty of APB

Turn-off transition energy loss

Turn-on transition energy loss

Line frequency

Switching frequency

Twice-Line frequency

Normalized loss function w.r.t variable y
Normalized volume function w.r.t variable y
Magnetic field intensity

Height of APB Capacitor

Height of APB inductor

Thresh-hold current

APB converter’s Inductor Current
High-frequency triangular component in 4,
Twice-line frequency sinusoidal component in 4,
Maximum 4, for soft-switching

Minimum ¢, for soft-switching

Three-phase Grid Currents

Single-phase Grid Current

Output Load Current

Magnetic path length

APB converter’s Inductor

Self inductances in PMSM

Lyay Loy, Lge Interfacing Inductors in Three-phase system

L

g

Grid interfacing Inductor
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Py
Prioss,i
¢

Ya
Qmaz
min

Ryson

Leakage Inductor in isolated DC-DC converter
Mutual inductance in PMSM

Self inductances in PMSM

Number of parallel APB capacitors

Number of poles in PMSM

Power flowing through each split-Battery Energy Storage
Power in split- DC-link or DC-port Capacitors
Power in split- DC-link or DC-port Capacitors
Grid interfacing Inductor Power

Maximum output power

Output Power

Output power i = {20%, 40%, 60%, 80%, 100%} Ppnaz
Total Loss at it power level

Phase-difference between pulses in isolated DC-DC converter
Flux linkage in PMSM

Total charge to be removed when 7, < 0

Total charge to be removed when 7, > 0

SiC MOSFET’s ON-state resistance

Apparent power

Dead-time between switches M; & Mo,

Torque developed in PMSM

Temperature dependency factor of Ry on
DC-link or DC-port Voltage

Split DC-link or DC-port Voltages

Modified Unit-template

Unit-template

APB converter’s Capacitor Voltage
Three-phase Grid Voltages

Single-phase Grid Voltage

Grid Frequency in rad/s

Damping Factor
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