A7 5 (5125, % 31 &%)
(*%ft 7 7%‘) (Format No.7)

A W X E R

(Summary of the Doctoral Dissertation)
RYEamz a9 2 =M 4 BALERICBT LT 7T 471U —7F
FNERSUEEH | A 3T 4 v a FOESERE
(Dissertation Title) (Power Quality Compensation of Active Power-Line Conditioner in

Three—Phase Four—-Wire Distribution Feeder with Unbalanced Loads)

K 44 ®Name) e BIE

IR, EREEOZERMESC IT OtER, IT #HarOFNEH OB LY, SMERERTRLF— 0%
EM7AE DB LANC S E L TCEHEE L oo TS, B, FEEF CTREIN, EER, LEIREE2R
ML, BERICE > TRERICMHE NS, =M 4 HAREL, EUNMBEZPLE Liza—a v Gf
ECHERRH#HE, 242507 T RHEICBWTEAS HNENTWLEELTXNTH D, =i 4 #=lk]
L, H—OlERME D, AN & HAHAMICFERICRE TE 27720, ARST AU, IFX7k
EOILKFEETHWH LTV D =41 3 #=UEd e & HAH 3 SNELEE O OF & befe L C, 8% = 2 h DKl
TAKIA FTRECTH 5

L2rL72Rd s, =40 4 BEEERIC, REEZEOBMAAM PR S5 2 &I XD FERICRF
i34 U, HPPERRICERNIRAT 2, ZHICED, BEGOFEDPAT, EHHEEPEKRT L2 &35
SEND, £, TETIE, A4 — FNERBELZGOHEREBEGE NG R L2 L2k, EHEBICES
THALC L @i ERP B E 72> TS, @B L OB RIS AT 5 2 & T, R
BBy, BEEOREANEL, HEOLEIZIIT AT AOEIECRESE, EZHFBANEH S, L
72T, EmERIRITNERAI R TH D,

Aaw L, 8 EERLE LT\ D,

# 1 ETIE, ESWERIEOEEMEICOW TR, 52 H T, =M 4 HAREOHBRHL,
AT K DRI OOV TR, EBAMERIEEE TH LT /T4 TR =TI a7 1Y
3 J(Active Power-Line Conditioner: APLC) D #IfE O ZEE I DWW Tih < 4,

%3 W TIX, IEBIBAM D RIS AEEIHE G S, maEERS A LGS BIT DG F v /3
> Z EE—ERIE A e = 4 8728 APLC OfI#ENEIC L0, EIRANZ IV CFEE o5 B e E & (A
NFE 72 IEBLIE OB IE N EBFRETH 5 Z & %, BRFE ) 7 0 — 2 HW o BERREHZ L > TH BT
L7z, F7z, MRS I 2 L—v g VBRI UERKGEIC X - T, #ET 2HIEEO AR L OFEAM
ZHLNI LTz, SBIT, EiRF v/ v X EE—ERE T = v 7 O HIME 503 ART T O AR AT ) E]
Gy & — BT H T L A ERICK VR LT,

o4 BT, ERE v SV XEEEGIEEZ O M 4 BB APLC O AHBIZEAN 773
(Displacement Power Factor: DPF)HlHIEIC DWW TG 21T > T 5, 5T 2 %415 DPF Hil#4c
Lo T, PHMRBRZIE L7220, BRI CREENOEED R E 72D &5 IR T 2 5 T BTN
W OB EBLARE T D Z & BB 7 n — 2 W BRRGHC Lo T Lz, £, 3HE
B X 2 L— g B L OVEBREEIC & - TIRET SHETEO AR JOFEMEZH M2 L,

#5 = TIE, —AH 4 HEECEN APLC O MR R HIETE OV TRET 21T 9, EIRMIZ I U
TSN 2T EA L, APl 72 IET%I% OB IR E 4 FHL C & 2 BIRE RS EO AR A FHHT 5,
i S AL IR E A VD CHEZhE S 21T 5 &, IR O ERRIZERR & A2 DA%, RS

(Fnz 2,000 EFEEE / 3550 800 EFE )
(about 800 words)




A7 5 (5125, % 31 &%)
(B 7 %) (Format No.7)
IR T 5, ZORBEEZERRT D720, BIFRMOF LRI Z 00 Lz, #ET 6% L > T
FRPERR ARG 2 ] L7e 28 B, IR CASTE# s DL O I it 2 & Te IR O BN EHLATRETH 5
Z L mBEREE S 7 v — & F O TEBERREHC Ko TS 2N Uiz, RIS, ARE B 220 ik il 4 1 0 FE AR i
B2l —va VBROERICTRGTL, TOANMEEZRALNCLTWD, K%L, ZERETLRS
FJOREEME LS 7R BBIC VT, ZEMmEEAE S L2 AP 2 IR B 2 EBL L, PR
EMOMEZER TEL a2V Ialb—a VR LT,

%6 H O, HIE v SV X BIE - EHIEAE AV =M 4 BB APLC O 45 HH B JEAT 450 75
TEHIEE I OW TR 21T S, 5 5 BICBWT, (TEOBHERZIEAL, B2 & FH B
LT ENWLNERSTND, REIZBWTIE, ARl FEASE B EE R 2 Sl 7 v« 71 X0 HiH
L, £haz MW CHiEERE T2 AT 5, =BET SHENAC L - T, PIERREN 286 L7223 s,
PN IV T, AR O RAWR BN E I O ME R TH 5 2 & 2 BRFE) 7 o — % v
CRRENC X o TH BT LTz, £77, FHEHKY I 2L —32 9 I K VRET S HIEEOA MR L O
AMEZB S/ LTV 5,

BTETIH, 4V 7S 7 7 07K A /3—# (neutral point clamped inverter: NPC A 73— %)
Ze FI T2 S AR B 2 BRI A I DWW TR 21T 9. 3 LA U= F Th H NPC A 3 —21%, 2
LA UR—=H LT AL v F o 7 HFOMEMEBTRETH D, o, A v F 7 A4 XHN
S D Enn, LC 74 NZO/INUEREIAD D EWoTe XY v N R T 5, EIRERETHIL,
TN B R 7 2y 7 2L CRI SN S, BREROAIR T EZ BT L1280, HHO
DPF % 1.00 IZfR B3 b R ER ATl SN 5, £z, FHREEY I 2L —va VIC ko TAWMAS)
FEARFOENES NPC A v =X OEJ T v "\ X R /NEL LEGEICBIT 2RGEEITV, 127
ZHIBENE DA MR L OERAMEEZ R ST Lz,

B8 W TCIX, AL CHE b AIMFSERR T L OVS B OBHEREIC OV TR TN S,

(Fnz 2,000 EFEEE / 3550 800 EFE )
(about 800 words)



R 75 (B 125, % 31 FBfR)
($EX 7 5) (Format No.7)

AW X E R

(Summary of the Doctoral Dissertation)
RNEfamzFd 5= 4 BARERICBT L2777 47U —F
FAESCEE | A a3 T 4 v a S OBERERE

(Dissertation Title) (Power Quality Compensation of Active Power-Line Conditioner in

Three—Phase Four—-Wire Distribution Feeder with Unbalanced Loads)

,EE g(Name) SABI Yuka

In recent years, the stable supply of high-quality power has become more important than ever
with the diversification of electrical products and the progress and utilization of information
technology. Electric power is generated in power plants and distributed to consumers via
transmission lines, substations, and other facilities by means of distribution lines. The three-phase
four-wire distribution system is widely used in European countries, mainly EU member states, and
in Asian countries such as China, Korea, and Thailand. The three-phase four-wire distribution
system can supply both three-phase and single-phase loads simultaneously from a single
distribution facility, thus significantly reducing facility costs compared to the combined use of]
three-phase three-wire and single-phase three-wire distribution systems used in Japan, the United
States, Canada, and other North American countries.

However, the connection of an unspecified number of single-phase loads to three-phase four-wire
distribution feeders causes unbalanced phase currents, which results in current flowing into the
neutral line. This causes heat generation in the transformer, which may increase power loss. With
the increasing use of diode rectifiers in domestic appliances, the harmonic currents generated by
the conversion of AC to DC power have led to a deterioration in power quality. Harmonic currents
flowing into the surrounding power systems and equipment can cause malfunctions, overheating,
abnormal noise, and other problems, and in the worst case, may lead to system shutdown, burnout,
or destruction. Therefore, harmonic currents suppression is essential.

This thesis consists of eight chapters.

The importance of power quality compensation is described in Chapter 1. Chapter 2 describes the
structure and characteristics of three-phase four-wire distribution feeders, the effects of harmonics
on the equipment, and research trends in control methods for active power-line conditioners
(APLCs), which are power quality compensation devices.

In Chapter 3, the new control method for APLC in three-phase four-wire distribution feeders with|
constant DC-capacitor voltage control is proposed for the case where nonlinear-loads are
unbalanced connected to the grid and harmonic currents exist. A theoretical consideration using
instantaneous power flow shows that the proposed control method can achieve sinusoidal source
currents that are balanced and in phase with the receiving-end voltages. The effectiveness and
practicality of the proposed control method are also clarified by computer simulation and
experiment. Furthermore, it is experimentally confirmed that the output signal of the constant
DC-capacitor voltage control block matched the fundamental active current component of the load
currents.

In Chapter 4, the individual-phase displacement power factor (DPF) control method for APLC in
three-phase four-wire distribution feeders using constant DC-capacitor voltage control is discussed.
A theoretical consideration using instantaneous power flow shows that the proposed DPF control
method achieves sinusoidal currents including reactive current components with unbalanced and
arbitrary power factor on the source side while suppressing the neutral-line current. The
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effectiveness and practicality of the proposed control method are also clarified through simulation
and experimental.

In Chapter 5, the individual-phase reactive current control method for APLC in three-phase
four-wire distribution feeders is discussed. The basic principle of the reference source currents,
which injects reactive current on the source side and achieves unbalanced sinusoidal source
currents, is explained. When reactive power control is performed using the calculated reference
source currents, the currents on the source side become sinusoidal, but the neutral-line current
increases. To solve this problem, the active components on the source side are redistributed. A
theoretical consideration using instantaneous power flow shows that the proposed reactive current
control method achieves sinusoidal currents with unbalanced and arbitrary reactive currents on the
source side while suppressing the neutral-line current. Next, the basic principle of the
individual-phase reactive current control method is considered by simulation and experiment, and
its effectiveness is clarified. Finally, it is confirmed by computer simulation that a balanced
three-phase source currents are achieved by compensating the receiving-end voltages and the
transmission-end voltages, and that neutral-line current suppression is achieved under unbalanced
conditions of receiving-end voltages and sending-end voltages.

In Chapter 6, the individual-phase fundamental reactive current control method for APLCs in
three-phase four-wire distribution feeders using constant DC-capacitor voltage control is studied. In
Chapter 5, it was shown that the source currents are controlled for each phase by injecting an
arbitrary reactive current. In this chapter, the load-side fundamental reactive current is calculated
by a control block and used to generate the reference compensation currents. A theoretical study
using instantaneous power flow shows that the proposed control method compensates only the
fundamental reactive current component of the load currents on the source side while suppressing
the neutral-line current. Simulation results are also performed to clarify the effectiveness and
practicability of the proposed control method.

In Chapter 7, the individual-phase reactive current control method wusing a 4-leg
neutral-point-clamped inverter (NPC inverter) is discussed. The three-level NPC inverter can
reduce the withstand voltage of the switching elements to a two-level inverter. In addition,
switching noise is also reduced, which has the advantage that the L.C filter can be downsized. The
reference source currents are calculated through the reactive current component detection block. By
redistributing the active components of the source currents, the neutral-line current is suppressed
while keeping the DPF of each phase at unity. Simulation is carried out to verify the operation of
the system when load fluctuations occur and when the DC-capacitor capacity of the NPC inverter is
reduced, and to clarify the effectiveness and practicality of the proposed control method.

Chapter 8 describes the research results obtained in this thesis and future research topics.
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