AP 58 KA

& ot (JIGUYUAN)

FALDAFR Lt (1)

PR W (—) $625

AR GAE A 202143H20H

R AL F KT 7B RIEEHE T v U Z LA AC-AC B2 K 5 &8s E )

RBY AT LOBGHRGE

i SCRE H Theoretical verification of a variable speed wind power generation system using

(R FE T2 1T FER) switched reluctance generator and capacitorless AC-AC converter

i LEAER MR ELZRS
ZEFE RN LERFPRFGMEAEES AT L LFHEEE KiL iz
FREZE i LERFPRFGEWEERES AT L LY ER LN [
FIFAZLE @ LERTFPRFGEMEEREY A7 AT PH8MEE & #ER
FFAZEE - B LERPRFAFEARE RS AT L LY HEHER Al 7

A U AR ] 2R R e LoeaFest

N EDOEF T, HIERIER LSRG G~ ORI N O & 72 0, FAER R R X —

(Fn30) DO—DTHDLHAN =N X —OFHNER i, AIEEHESIFEEY AT A

(VSWPGS) DOHFZEBAZE RS AT TV 5,

—#%1Z VSWPGS (I3 EME LT, FHEnEk (IG) KARA [FIMIFERK
(PMSG) MM N TW5D, IG X, Zi>BEL W ENT-FHE R T2
2%, PMSG & b L TR TH Y, VSWPGS ~Di# fHIC B\ TR EEERR D~
F o T DO EEE VD VLEND DT OFYESNEL, IGHBEO-DITK
XRBENBRNBAELD EVIRREGT D, £72 PMSG 1%, @2 >EERE T
HDHEVHIENTFHEAEGT D0, KABAMEIE LTLT 7T — A% KEIZHEMRT
57280, FERINEEBEBIAIRELRDEVIREERT S, —FH, A4 vT LV
77 # o ASEK (SRG) X, FEHSNaT Laf VOB THEEINDTZD,
LM DELHE LN S BN HRENREEZ A L CBY, IG DX 5 I RERE L2
ELRWOTEDRIENHIFRECE D, £z, aEHERICHR & 7 5 REMEO AR
TEHFTTEZDAMHREMENR DV, Zlx 2T 5 AARORDLA~OBNS ) D3R ¢ &
Do

SRG ZH\ % VSWPGS Ti, RMHEAT LD, IEMNHN—T TV v
N—H L PWM A =X DFAG YL ESERIEEZ HND Z &R TH
D, ZOHERY VI EHICREEDOX ¥ "\ Z 2 HFLTWD, E->T, Ty M
VIRHZ R XY N H OFREDBBERTDBRBERS TR, EleF v X OEMA
TF U AENELT L0, FEEIANBIEINT S, 20Xk RREBEICkH b
HWELT, Fv23v BNy /R0 % LA AC-AC BHALR OB N E EN T
W5,

ZZ T, AL TILSRG 12X 5 VSWPGS ~DiEfHZaitE s LT, Fy/ v &L
A AC-AC BHags 42 R 9 5, F712, F ¥/ ¥ LA AC-AC ZH#agsiZ X 5 SRG D
iR HIEERE T 5 & L b, B Ik L Gyl R Z HIE X 5
VSWPGS D EEHIEIZR 2R 5, HITSRG & v /3 ¥ L A AC-AC ZHags%
F 5 VSWPGS OB GG IRGEZ i 5 72012, BREROBFET VAR,
Matlab/Simulink (23 C, =Bt sE 760 I 2 b— a3 U &21T79,

PUFICAGR S ORER 72 & NI A 7R T,

B1ETIE, AFEOERE L CRIEEICET 2RI O VTR D,

%2 B CIE, T 5 SRG OIEAJFIIS X O EZFAT 5,

EI3ETIL, BETIHXF v /30 LA AC-AC BHaga DR, JRPE L Bk k%
AT 5,

%43 TIE, SRG & F v/ 3% L& AC-AC Z#igs % W% VSWPGS D3 = =
L—y g VHEIZOW TR RS, BIZEEEICHT A I 2 b—a U EEE
L, ¥Ia2lb—a U fERE2ERTAHZLICLY, BRFRXOBBHIELITO,
HEHE TIL, AWFIETHE O Z £ &8, 5% OMIEREIC OV TR
7,




WLNEOEE

(Z£30)

In recent years, the countermeasures to deal with global warming and air pollution have
become an urgent issue, much attention has been given to use of wind energy which is one
of the renewable energy sources, and the research and development of a variable speed wind
power generation system (VSWPGS) has been actively worked out.

In general, an induction generator (IG) and a permanent magnet synchronous generator
(PMSGQG) are applied to a VSWPGS as generators. The IG has the excellent features of being
inexpensive and robust, but it is less efficient than a PMSG. It has the disadvantage that gear
noise is generated because it is necessary to use a speed increaser to match the rotation
range when applied to a VSWPGS, and a large inrush current is generated to start the 1G.
Conversely, the PMSG has the excellent features of high efficiency and low noise, but its
main disadvantage is that the power generation cost increases because a large amount of rare
earth is used as a permanent magnet material. Comparatively speaking, the switched
reluctance generator (SRG) has excellent structural features of low cost and robustness
because the main part is composed only of the core and coil since it does not require a
secondary current as a IG, so high efficiency can be expected. Furthermore, it is possible to
design a rotor with low inertia which is beneficial for variable speed operation and can be
expected to adapt to the changing wind conditions of Japan. In the VSWPGS using a SRG,
it is common to use a power converter that combines an asymmetrical half-bridge inverter
and a PWM inverter for the grid connection, so it has a large-capacity capacitor in the DC
link part. Therefore, the operating rate decreases because the capacitor needs to be charged
at the time of cut-in, and the power generation cost increases because the capacitor needs to
be regularly maintained. As a remedy for these problems, the development of a capacitorless
AC-AC converter without a capacitor is desired.

This paper proposes a capacitor-less AC-AC converter on the premise that a SRG is
applied to a VSWPGS. Also, we propose an excitation method for the SRG using a
capacitorless AC-AC converter, and a speed controller of the VSWPGS that can control the
appropriate number of revolutions in response to changes in wind speed. Furthermore, in
order to work out the theoretical verification of VSWPGS using a SRG and a capacitorless
AC-AC converter, a mathematical model of the components is constructed, and a simulation
is performed in Matlab / Simulink when the wind speed is changed.

The structure and outline of this paper are described below.

In the first chapter, the basic of wind power generation will be described as a background
of this research.

In the second chapter, the basic principle and control method of the used SRG will be
explained.

In the third chapter, the structure, principle, and excitation method of the proposed
capacitorless AC-AC converter will be explained.

In the fourth chapter, the simulation method of the VSWPGS using a SRG and
capacitorless AC-AC converter is described. In addition, we will work out a simulation for
changes of wind speed and verify the theory of the proposed method by considering the
simulation results.

In the fifth chapter, the results of this research are summarized, and the future works are
described.
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