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In recent years, the rapid deployment of renewable energy sources aimed at achieving a carbon-neutral society
has transformed power systems from conventional large-scale centralized structures into regionally distributed
and coordinated networks. However, the increasing penetration of variable renewable energy sources has introduced
chal lenges such as voltage and frequency instability, making demand-supply balancing and power qual ity assurance
critical issues. In Japan, the widespread installation of residential photovoltaic (PV) systems and electric
vehicles (EVs) has significantly increased the number of distributed energy resources connected to low-voltage
distribution feeders. EVs, in particular, equipped with large—capacity batteries and capable of bidirectional
power transfer through battery chargers, offer strong potential for grid stabilization and enhancement of]
self-consumption

On the other hand, Japan’ s predominant low-voltage distribution configuration—the single-phase three-wire
system—suffers from neutral-1ine currents caused by load imbalance and harmonic currents generated by nonlinear
household appl iances such as inverters. These issues can lead to overheating and increased losses in pole-mounted,
transformers and distribution cables, as well as voltage imbalance. Although compensation technologies such as
active filters and power—Iline conditioners have been proposed, household-level installation remains impractical
due to cost and space constraints. Therefore, integrating power quality compensation functions into power
conditioning systems (PCSs) and EV chargers, enabling them to operate as active filters, represents a promising
solution. Furthermore, PCSs are required to provide fault ride—through (FRT) capability during voltage dips
making the development of multifunctional PCSs and chargers capable of both power quality compensation and FRT
a pressing research objective.

This dissertation consists of seven chapters

Chapter 1 outlines the background, objectives, and overall|l structure of the research

Chapter 2 reviews global trends in renewable energy deployment, the resulting evolution of power system
configurations, and the power quality issues inherent in single-phase three-wire distribution systems. Previous
studies on PCSs and battery chargers with active power qual ity compensation functions are summarized, along with
research developments related to FRT capabilities during voltage dips

Chapter 3 proposes a discharging power control method for an EV bidirectional battery charger with integrated
power qual ity compensation. The proposed method dynamically adjusts the battery discharge power according to
household load demand to prevent reverse power flow to the grid. Theoretical analysis, simulations, and
experiments demonstrate that the charger can regulate discharge power in response to load variations and suppress
the grid current to nearly zero

Chapter 4 presents a seamless mode—transition method for practical implementation of EV bidirectional battery
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chargers with power quality compensation capability. By employing a DG-capacitor-voltage-regulation-based

control| strategy, the charger maintains a continuous sinusoidal grid current with unity power factor regardless
of whether the battery is discharging, charging, or disconnected. Simulations and experiments confirm stable
DG-capacitor voltage regulation and consistent power quality during mode transitions
Chapter 5 investigates a power qual ity compensation strategy for a home energy management system (HEMS) using
a neutral-point-clamped (NPG) inverter. The proposed control method compensates for unbalanced, reactive, and
harmonic components of the load current using a dg—axis feedback algorithm, enabling simplified implementation
and reduced passive filter size. Simulation results verify effective suppression of unwanted current components
and stable operation under load variations and capacitor mismatches

Chapter 6 proposes an output power control strategy that satisfies Japan’ s FRT requirements for a PCS
integrating a single—phase NPC inverter, an input-parallel output-series (IP0S) dual-active-bridge (DAB)
converter, and a battery. The control strategy adjusts the output power reference in a stepwise and continuous
manner based on the retained grid voltage during voltage dips, thereby preventing overcurrent and device failure
Simulation results show that the IPOS configuration achieves approximately 1.4% higher efficiency than a
conventional DAB converter, and that interleaved operation shifts the battery-side current ripple to higher
frequencies, enabling downsizing of passive filters. The proposed method ensures overcurrent prevention and rapid
post-fault power recovery, fully satisfying Japan’ s FRT requirements with sufficient margin

Chapter 7 summarizes the key findings and contributions of this dissertation

(FO3C 2,000 FF2HEE [ T2 800 RRFLHEE)
(about 800 words)



(Bt 9 7).

iuﬁiﬁﬁmﬁ%&@%ﬁﬁﬁmﬁ%ﬁ&é

muk%k%hm&HHH A

B4 | A HE

& UW PE

R E.@f

 %_

®EZB | B B HA K

2 m=E5 S

R

o AUl 3 BB ERIZ BT 2B ERIEHEAEL A9 5 HEMS Ofliik
w3 B . . , - . ,

) (Control Strategies of Home Energy Management System with ~Power Quality
Compensator in 3ingle-Phase Three-Wire Distribution Feeders)

[ A DR R CRIERBR O]

AR T, EAGDT&J—EEE"&INTﬂﬂﬂ é:&’b’ﬂ\é;ﬁm 3 BAEBCERINLLER
HBERA 7 ) Fr—Uw 25T Home E.nergy Management System (HEMS)Z®) 5
%ﬁ.ﬁh%ﬁr&ﬁ URHEEEER L o— b L R R TSR, RE TR T 8 & O
B I‘ault Ride Through (FRDEMfEfHZE T2 ﬁ]ﬁﬂ?ﬁ%‘?ﬁ% L., %mﬁﬁbﬁ’%@j BAMZ L
Tad, : .
Ui, B2 b Pu]se Width Modulated (PWM) %ﬂf R & élf;‘ffﬂﬁacﬂ DC/DC
, /2\‘—5’711\61%5‘25%1/5“ BBEAANYF Y Fr—Pr 2B HEMS (R T, T

%Mwﬁﬁ@ﬁ;EL’A/T)Hﬁwﬂ%&ET%m BAREEERE L, ThUCE
D, BREEBERAYTFY Fr—T v 250 HEMS 0O [_‘ﬁ@&fﬁ %ﬁl,é?ttﬁﬁ%@]ﬂf
DEBNAREE 12D, 7, %ﬁ&?ﬁ%&ﬂﬁ?&%%@’ Lt i in kb, S EMOEIRE
FEIE 0A LT BTN TESD T LAHERY S 2 L— v 8 VB XURRIC K ) R L
| EHHE EED A »F ) 55O Vehicle to Home(VEH) # 2B C& 3 - & 48 BB Lok,
Kic, BRAMERERE, Ay 7 ) BN, 7 ) REROBEL EEROB Y

REEBIE AT AR D L L AIZE) D B BEIEILE AR L, A 2 L3 PWM 2
- I b FMERE DODC. = A& OMICER S REERS 130 4 BEO THEEZ —

Eh?ﬁﬂfﬁl'ﬁ BEF v /8 ¥ BE— %’3% AT U OERESAERBICRED S

j]uu}gf%_ﬁ%ﬁﬁ"f &2, BHEMY I 2 L— g VBLIUERCLY, —A /7._7‘5:1%

BAARE KB CX 5 I L RB] BN LI, -

Fieic, BARERTHEOGBEL L VY AT hOMNULERBZ % BIE LT,

Neutral-Point-Clamped (NPC) PWM #§E[F1# & Input Parallel Output Series (IPOS) ’fé

- Dual Active Bridge (DAB) :t/f\*—? XY LT HEMS % FRE LI %ﬂﬂh%mﬁf

(A, Ml EAR O BEICTRHCE T 2BEEG Fault- Rlde Through (FRY) B %787




(£ 9 »:,-)

Z & D T& % HEMS 0l ﬁﬁ:ﬁ%% L7, FRT %{ﬁrﬂiﬁi’énfwéﬁjﬁﬁﬁ@ 100ms

I BT 200ms MW@@@@?%T% e FREHER I 2 L—a ity Eﬁ B s

Feo » - . o

ARSI 5 EREMFEL, Ny T U RESRUICET S D, BB RO BT

BT2a1®, NPC A v A_A—F iROFEETL LD, Av— Fy— 3y BBOMS

M5 L 08 EThok, WERUOEMIICH LT bREE M bIARIER 2 S ik,
VLR D, AREREEmAINE, Bt T, EHEE LoEL, ML (T 0%

THETDBOLUGLE, | |

RIVER LUEES, ABECOEMITHT IR L hh, BRREITAKYE Uk,

t%,IE@%E%X@%%%E&T%@&%@%ﬁﬁu(Eﬁﬁi B 47)

1. Reo Emoto, __Shuh Okamaoto, Fuka Tkeda, Masayuki Okamoto, Hiroaki Yamada,
Toshihiko Tanaks, “Control Strategy of Discharged Power with Bid:irécfional
Battery Charger for EVs to Prevent Reverse Power Flow to Uti]ity'Grid,” IEEJ -
Journal oflndustryApp]Jcatmns Vol. 13, No. 3, pp. 346347, 2024

2. Reo Emoto leoakl Yamada, and Tomokazu Mishima, “A Model of Output Power
C_ontrol Method for Fault Ride: Through in a Single-Phagse NPC Inverter-Based .
Power Conditioning_ _Systein with IPOS DAB Converter and Battery,” Electronics,
Vol. 14, No. 21. 18pages, 4291, 2025




