(PCT/ KR2009/ 001772) 1 AUTOVATI C VOLTAGE REGULATOR TECHNI CAL FI ELD

The present invention relates to an automatic vol tage regul ator,

parti cul arI to _an aut omatic vol tage regul ator capabl e of preci sely
controlling &T’EB@B OQ}(;V%)age | evel by using a toroidal

aut ot r ansf or mer. BACKGROUND An automati c vol tage regul at or
using a toroidal autotransforner can be inplenented using various
regul ator wi ndi ngs. Howevé&lTOMATIGYOLTAGE RESUIATIBh a regul at or
is always determ ned by the winding of its primary and secondary
coils. Thus, in order to output various voltages, an automatic

vol tage regul ator using a toroidal autotransforner is designed to

wi nd coils according to the desi TECHMNIGAQEIOEDhave several output

t aps. For exanple, as illustrated in Fig. 1, an autotransfornmer
can be designed Tig fraseat mvettishatlatey ook duagmsaticapitdpe regulsior, parficwdintly to an
wi ndi ng (200) excited in a main wi nding (100) so as to output various
vol tage | evghismatid vélge taupitstalapatilé of praeisdlpkomrollif avodpsi\@hegt thdtby
in case where 220V is applied to the main winding (100), 20V is

appl i ed to Rghda ene8aihtdAgshmidr, W ndi ng (100) and each tap of the
field winding (200) reduces the voltage by 5V, the toroidal
autotransfornmer can supply 200V fromthe first tap (a), 205V fromthe
second tap (b), and 210V fromthe third tap (a), to an output

term nal . As such, conventiopalxastei®n ¢ vol tage regul ators
supply discrete output voltages with a |large deviation between the

vol tages. For ex t dessriResh ahayensBaskt ehn tae
out put vol t ages %HF L%mngtgcwg?a%q%@i%?f%mg ., each of 20(1)16/ 205V i}and

210V, 15 Selafbiugly ualg,g%&o%g 1'eg§!fa?ﬁ'rvgi1&9%sy RIVEN e INAEBE b 2
vol tage regllators reci s tage cont
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preci st o are v I ent or Sers.
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devi ce usin e reguraf’or provi OW preti si on.

In the case of gh- st t,.a. dis t rflsd .
nstal 1 ed i ATATBEAEHERE 8&%%1?%3@&9 IS LTI W hERTRE Bty g hove
but the supp‘lf‘)é?gol tag(e decrease as the fl oor gets higher, and as a

resul t, abod SWPPSBYippl i ed to the 15th floor. In general, an

el ectroni C appll nce can o at e Rer when. a. V.o
205V is suppli ed: Ofr‘?ﬁﬁ‘?pﬂf gﬁg‘étéat%félrl? & Zlaé%alﬁtfﬂﬁ%é RIS canqje S nescflt{g}l%%\%

devi ce whi ch decr eases th vol t age i S not .e

that a housé RAUBBYiEFRRIE: =éE) OB Qb’g‘xﬁg“}ﬁtl@@c??‘blfe&%ra TP Eﬁ?ga I%Eba%o
| east the m ninmumvoltage required f pr ovi ble o tion
205V, due t 65 {heupeeraPtyFOAa RYF Bpr AREIoR ra'-@ e edesighed that

Meanwhil e, in the case of the, highest floor eces

i ncrease t hén gase g 128Vep a@lﬂle?ﬁ%fheénaé@ &‘Hldé‘ Q)aggg E@%&Bﬁﬁ gudgjot
in a consi stent manner. in the case of a _hi gfl Séﬁ\} %"‘e
apart ment, ttheemein winding {1 R %@\?ﬁ‘dﬂﬁﬁﬁf ths fepb wirline 0 Qoted g l?r PEFelY

to a consuner between low floors and high floors. The floors

hi gh-story a@patiterreridel petothnséasies e Suppls 200Ydran fieciiat t@héa)v%QSt %%m the
needs to be reduced to save power and fl oors where the vol tage needs
to be increasenhdsap (bhand 416Y doinethe Sliddge(abdn abeuisyppiiiad. However,
conventional automatic voltage regulators are not capabl e of

suppl yi ng vol t agerd ewdl sowventiosal cimtematar yeltagevicaslporn lsenhe aliscrdie putput
while controlling the voltages precisely, and accordingly users have
suf f ered gr ealltaggscairiye tirgndeyiation between the voltages. For example, in the example as

described above, each of the output voltages with a deviation of 5V, i.e., each of 200V,
205V and 210V, is selectively supplied. Accordingly, conventional automatic voltage

regulators cannot provide precise voltage control.



The present invention solves the problens of conventional technol ogy;
the present invention provides an automatic vol tage regul at or capabl e
of preci sel { the voltage | evyel and thereby of supplying
an appropri gg%?@g{z?g%/g@f’ﬁf Meanwhi l e, in order for a conventional
automatic voltage regul ator to operate in a power electronic system
conpl ex features such as a main transforner, excitation .

( PCT/ KR2009/ 001748 5% PSRBT ORICeO P T s H YRS B‘Pﬁ’g‘i“,g IRy Pricjsion, are
sensitive effective val ye detec ion,circuiﬁ,,high speed A/ D transfaorm
circuit, triv8¥ BWVEHSHIOCYSEBuI tVe willexplaethisdy iitre dCaiadvith angggpple of a
conventional automatic voltage regul ators have such hjigh prices that
they are us8eWpFayng gedrapsingaaauigtic y8ltaas reayhion nRYIHing dej preriign-
expensi ve | aboratory equi pnments. Thus, a general user cannot afford
such regul at or s, Inafg ¢seftehbishoinre rphoment, pcbsitibutinsbags foinstgled in 2
mar ket abi lity. I n addi tion, because such conpl ex devi ces cannot
oper at e nor hedemyni f Ablaat 2358je evipyied trdthe dvss loart byt thysppin volikgeadpsrease as
changes, conventional automatic voltage regul ators have to b

manuf act ur ethei fowrogetd Highett futh avfa b tabpwi 205 Veisviuppimdetst the 15" floarn In
contrast, the automatic voltage regulator of the present invention
has a si npl gerstal uwt eiedtrontsi aphlighoe samorterais & astpoweranse vlcondwittgr of 205V
circuit, and thus can control voltage precisely regardl ess of

el ectri cityismyptiehnERtus, in case eanwdach éouteheses ea powembarigp dendnt whithl
automatic voltage regul ators sel ectively output discrete output

vol t age | evdbgeaskd theavdlapg &y ddviural 0t hehweanuleh ahati £ hbee ampdidineith a
regul at ors out put an output voltage froma tap fixedly placed on a
second ary e6ltdge of 215V Theloweas@N db@din tdhdedse chnindaimunt Moltadel esquiral for
because a very limted range of w nding nethods have been used for a
toroi dal copgvidify dtitle EpHratRMt 20WERSH 1B usdlof Bt BapgopkidiopOvdahvitPidicea
main winding is wound on a toroidal core, and then a coil of a

certain thi gkdagshild, $n WMRWASE ONh ARLBRIRNVINE ho@sdaly foahéredse @hddvodapelicngs
where input/output taps are forned. If a non-conductive coil is

inserted betyegn, &iQe VBltdbe WhiNBd AGpROintal BhFsttAginp@s of a toroi dal
core, problens occur such as generation of funes fromthe inserted

coil. Thus, in thys ipriaGES Sase Wtlayhibh-Sbl MWaRHleRYeheS€ls Aldrpe EQMNBH L the
by taps and a main w nding are used. The present invention is

to inprove §§§f%n ol M NGadARE Ql(agn%l er GANENLWOTRYs 4RNPAIRborE Or R RBA

thereby to output various |eve I nductive vol t ages:
(PCT/ KR2009/090¢111§§§-)$%1'}SL5{W1‘£ are classified into floors where the voltage needs to be

reduced to save power and floors where the voltage needs to be increased so that a
stable voltage can be supplied. However, conventional automatic voltage regulators
are not capable of supplying voltage levels with such a large deviation between them
while controlling the voltages precisely, and accordingly users have suffered great
inconvenience.

The present invention solves the problems of conventional technology; the
present invention provides an automatic voltage regulator capable of precisely
controlling the voltage level and thereby of supplying an appropriate voltage.

Meanwhile, in order for a conventional automatic voltage regulator to operate in

a power electronic system, complex features such as a main transformer, excitation



The present invention was conceived to solve said probl ens of
conventional technol ogy. The objective of the present inventionis to

provi de an I e regul ator capabl e of outputting

cont i nuous gﬁﬁﬁgggoﬁ%§gk§§gnd t hereby of controlling voltage
precisely. The above objective of the present invention can be
achi eved by providing an autonmatic voltage regul ator for converting,
an i nput voFlﬁaﬁ@'l%pgqt@‘@wdr%zﬁforlﬁ@'uﬂngélé’r FRNREING £HECHG TAle FAefectionevirelit,
converted input voltage to an output term nal according to the
present i nvaihispeed &/ShisansErpgirchitigtswilch#z s cuhietc. AgVPtdreBneAdagesult,
t hereof connected to the input termnal and the other end thereof
connect ed t gonvsationat puomeds nolirge regakitbrhharersyclahigh rigss thet théy araiuped ina
wi ndings and a plurality of first switches for switching so that the
plural ity ofpavil paseisndi asge capeingal watiring kypeseve kbbptocpeqepteds. dhus, a
field winding excited in at |east one of the main w ndi ngs connected
serial |y by gtieeal fuserstansoti dffohd suchfreguironyednd tansnidle ngnweniidial eegsktondo not
switch for selectively connecting one end of the field winding to
ei t her a reheveanaketpitionti al or the output termnal; a third swtch
for connecting the other end of the field wnding to either the

ref erence pot ent irladditiof,nBechiauiuch efoMipied devitwd @n@eNbhte Uitirhallyhiil he
regul ates the |l evel of an output voltage output to the out put

term nal by fighhdnePiang 160Elt 60k Hhteiheolplobircbidey, efnvehdicihl awbhatesolidee
second switch, and the third sw tch. In addition, said

automatic veddua@as hagub at aanffctihe iPEasRIBatibNYEEd0df dik frhigfient.
conprises a | evel measurenent unit for neasuring the |level of the

i nput vol tage i npigdn@dst! Be taiRrialPVbitdel FPuRAr of ARG YRET B dhtibh BaLOHinpR]
unit is configured to be able to: if a predetermned target voltage

i's higher thapdReyvhiel oehof D& bNPMer YohicBARIcIRAGRIR alY 1Hhid &cah €680l
measurenent unit, switch control the plurality of first switches in

response to.giyaltagedelfelanaeRelneen itigeRr edet er ni ned tar get
vol tage and the ﬁ%asu ed"level of (PCI/KR2009/001772)5 the input
vol tage, control nf RECORt SWLEN Whe %ﬁ%gﬁ%qai hilt@ﬂ%ti@%l@%? ﬁ%@ulators

field winding to the reference potentia control the t

c < ‘ : ooEon ! ! .
switch to Cg%@&%%@%&%&%{et@&ﬂ%@d’o&t B Q'rtWar]ﬂngge‘flﬁ’u&%t\b&ﬂ%eﬁ% is

termnal, a redeterm arget voltage~ i s |lower than t
| evel of the_input v , i ral .l fi.r
swi tches 1 n rELRoRed S lARR oY hE BBRCHIRLe Kol PL ettt chieihocond

target volta ecﬁgd t he neasured | evel of the input voltage, contro
the second §W t%¢h to connect the one end of the field wi nding to the
out put term nal, .and cont

end of the field W A&HY {Dglt?‘%mgé%ﬁlté‘pl%l; @‘H@@"tﬁ‘ggeﬁo"?g‘%b Ry Eigﬁtﬁgt"gﬂe of
ol o, %GB SRSt BRI B 08, PUTRLLAR SRR e
PEr - aut ol el L Gr A BRnor R re S et e SRR, BhE bR R of
ralh W ndi nd i IRk B pRoS SH Ve SEC: ol A HUCrEs e

condition for the byfass pat h, ~and wherein if thg,level of the 1n ut
vol tage cor re&)ysnet t2gs erfelopnedietlE AioRandusiye £l &) nagied Yefaeen the main
automatic voltage reqgulator is configured to turn on the bypass .
switch to cavisdngmed teklwindnesafe oeriia) Faks PEARERRPGP RS FFgespmption of
In addition, according to the present invention, the field wnding is
wound on a tfomes dem ¢y enserterk cpil.ur Blust yo @S PEQESSnioad Agld Winstings netially
field winding, and the plurality of main w ndings are wound on the

t or oi dal coreensasteddyrians and agvan Wapling are usedThe obj ective of the

present invention can be achieved by another enbodinment of the .
The present invention is to improve such a winding method for conventional

toroidal cores and thereby to output various levels of inductive voltages.



In addition, the automatic voltage regul ator of the present invention
further conprises a bypass path to cause the input voltage to bypass
the main w ngi Lt a bypass switch for switching a connection
condition f ﬂ@@%ﬁ%@g}ﬂh and if tﬁe | evel of the input voltage
corresponds to the predeterm ned target voltage, the automatic
voltage regulator is configured to turn on the bypass switch to cause
the input voltage to bypass the nmain w nding unit. BRI EF DESCRI PTI ON
OF DRAW NGS Fig. 1 is a schematic drawing of the circuit for
expl ai ning that in conventional tordUWMMARYNsf ormers, a plurality of
voltage levels are output froma plurality of tabs of the field

wi ndi ng. Filoe peesérd invesiéibie mes iconehivedi tacgsobfe salve piohlessrad] conventional
structure of the automatic voltage regul ator capable of regulating

t he out put teolntdesy. t dhe lobjeviplet dlgke presane gpemtihinng t¢ proyide wnrahitoawtio vditapg
to the first enbodi nent of the present invention. Fig. 3is a
schemat i ¢ drawiattg @patlhef iontpettingl costinuwet wobagf levdie aadittiomeltyl of volitbHDpe
regul at or according to the second enbodi nent of the present
invention. vIRGENPKRRABRI/ 001772) 7 Fig. 4 and Fig. 5 are
schematic draw ngs for explaining the winding nethod of the toroidal
transfornmer usedThdabdve cdpeacd seiht Hraénttineenpbesenbe kEherH WNproviding an
DETAI LED DESCRI PTI ON The enbodi nents of the present invention
are expl ai ngglomBdRIIRIcE réutalor el @heates b ifphevasso ALY khgh ﬂlﬁﬁﬂsﬂﬁgﬁal
Fig. 2 is a schematic drawing of the internal structure of the
automati c vahd SasuHEOMNE JbFertdd GRLCTINEd © ahRRiut fefrhingldRestim®ns tefprdsha
present invention. Referring to Fig.2, the automatic voltage
regul ator i gveft 9binBdsih® £RRRY Wik TR RavEienéhdUitbleof donnbB@¥d ROR
plurality of main windings (lawlan) and a plurality of first

swi tches (I lﬂﬁ))zu{ gérmﬂml hdfthe bfﬂleﬁ"&ﬁﬁh&gof(c%)me&edst%ciﬁmgﬂﬁwt&%ﬂnz{l,?’ahd h@\(/in% a

third switch (4), a bypass switch (5), a | evel neasurenent unit ,

an input uniffif) ofRGiR wiRREEsCAndUW bludlB) of first sw%tglﬁ AR MR hat! Bet

(1) has one end connected to an input term nal to which an i nput

vol tage appHu?aﬁitfgfjmtaﬁewﬁﬁﬁﬁg g%%g]e&%%s{é igﬁjy I:cﬂm?ﬁecﬂ létffé'iﬁ wﬁrﬁl‘ir@ é?(@ftedhig

(L2). The circuit connectlo et ween ends (connection arong t

L

of first sw _ connect ¢
connect od t S0 WA GPC KN R Al R Shrdhd EESrdfok Rl Al
one. ol cmont <O 4 QBRG] PREPRRL Pt LR R ot R enBET s OGRS
where the i RGP b TURGBRORE it giten 5 EFsSsseTac e SRS bR
N Y
KRl SERERL AR KRR S O SR
switch.
In addition, said automatic voltage regulator of the present invention further
comprises a level measurement unit for measuring the level of the input voltage inputted
to the input terminal, and wherein the control unit is configured to be able to: if a
predetermined target voltage is higher than the level of the input voltage measured by

the level measurement unit, switch control the plurality of first switches in response to a

voltage difference between the predetermined target voltage and the measured level of



(PCT/ KR2009/ 001772) 8 By switching control of the plurality of
first swtches (160-1b") in the serial node or insulating node

i ndi vi dual | i 1-ndi ngs (lao-l1a") conprised in the serial
circuit whi X%Ct}gﬁﬁg@?@owg?ﬂ ends of the 5mai n winding unit (1) can be
sel ected, and thereby the total nunber of mamin w ndings conprised in

the serial circuit can be controlled. In particular, in the
present enmb&i HRHtVOtagee Cotip Hiei segongfsviital # ¢anReNt tirgsonel ead of He)field winding
formed to have turns of 20=1, 21=2, 22=4, 23=8, ..., 2nT(tumns) (here,

n is a natufalheqaferraes potenipd, angycosbaiihnitrgl switchrtaicanydchtherngleer (ead of the
4-1an) to forma serial circuit, the total nunber of main w ndings of
the serial d&ieldcwindingée thedrpub darminahdnd dfthe predeterininedi tangietopltags is 1¢vagr floan
be regulated so as to correspond to a natural nunber within

expr essi bl e thredeigpd of ferinmei siolpige, svitch gonts] 1@, plorhkty rodi il swigEhemin response to
wi ndi ngs can be regul ated to have turns corresponding to any natural
nunber bet wdendiffei2fet7between the Theelefeingineld tairged ivolgage 2nd itlse mxeasutegdeveh of kie
mai n wi ndings (lao-1a") serially connected between both ends of the
mai n Wi ndi nippunivdltagd ) confrblethe redoad stviieh touronseodthetdne ehd @lf chewiaddl ivivglig2io
are fixed, but the level of voltage at which to excite the field

w ndi ng (2) theasings telependifigeontol the thigd akitchusbenhnak timmbReedddMps field
conprised in the serial circuit of the main winding unit (1).

The second swmadigdto(tB refGetepo@ned. t o sel ectively connect one end (2a)
of the field wnding (2) to either a reference potential (N) or the

out put term nal [atitioANshid MirbMhtic EABROEHIINOr of thE plebrk thveNkdnGRay Athé:S
designed to selectively connect the other end (2b) of the fiel

wi ndi ng (2) cb@p@eteer Hpse 6.8f ﬁ)‘i?ﬂf’tﬁt in@%@?%ﬁé&mﬁ&gd i@zet NBtabOBY the user.
termnal (L1). To be specific, if the second switch (3) is
switched topCQMRGE PRGN Sa{d2Rlor®iictvdBadel 8L datdd HGhOGrebad) ihv@nfidierurther
out put term nal (LQ?, the"third switch (4) s inevitably switched to

connect the ghheles§ %9?95'55 ?%thqﬁ ERSink iR iy d&ﬂ&%}%ﬁ (b% ass Ond AENNRHERENES

potential (N). In con the secohd sw ) is swtched to

connect one Rb‘?d" gt %QQS Q’@i}ffhhﬁr fs\zﬁt‘cﬁa?‘ angdnﬂgctﬁjﬁ) co ?’ﬂibﬁ' ol & egﬁaﬁa[dgsepath, and

potential ( third swmtch Is 1nevitably swtc

(PCT/ KRZOOQ{V\%Q&:ZJ A 1ean :3?% i|§pm?vc%a@§ rcollﬁélggml{dé l?c% thgtprédlef%rﬂfliing& thy é?% %,

(2) to the input termna or “conver sion

added to t s WSPAGlHIAE: uaRER LRRERA: S ghl'Bh HeTlall SRR Lt b2
wh the ind ' I i f the i t | t

Uhor e e e EL NG EOLARS L BaBURLERSLRY [oTL\ Rt Vo 208
details are givep

. | ai n,.whj de .. d whij.ch.
cond t1on. rer o il @Bt Lo FRSG el i e ST MU e oo
S tohed f ol BT Hia el bl aEnaques e heft ity S B ol of

experimental exanple, an enpodi rent .is expl ai ned where the w ndi ng
direction ofAThEMAINEE AR PG t 92501%%3‘3%5%3%@%&? RGP arlan) are
uniformy fixed to a toroidal core, and particularly, if one end, (2a
of the field wi ndPfhgbiegjveid theRivad SRS 70 b&&@@ﬁi’é{dt@r?ﬁ W e?lg%*ié“ﬁﬁ
the other end is connected to the reference potential (N), the field
wi ndi ng (2) ChHY FERELEY RN HEIMRUE itpessstlaob IRGORE HeE Phepulielipge
subtracti on node, ~ Referring to Fig. 2 again, the bypass swtch
(5) is configpweditoas igpytdeniyal soppwithe FraverRdunpy apiigasde ap patputitemyipad,
output termnal (L2) or insulate the input termnal (LI ) fromthe
out put t er nicARPrifing )2, main dvipdiog Meib Bavingoenerens dreresy sasring i Ge inmwbtermival
vol tage when a user attenpts to out(g)ut the input voltage w thout
change. and the other end thereof connected to the output terminal, and having a plurality of

main windings and a plurality of first switches for switching so that the plurality of

main windings are selectively serially connected; a field winding excited in at least one



The | evel neasurenent unit (6) is configured to neasure the |evel of
voltage inputted through the input termnal (L1), and a peak val ue,

or an rms Vv j ed and out put. The input unit (7) is
configured é‘f/g&gﬁg%ﬁ@fﬁg}get voltage from a user that the user
attenpts to output, and is variously inplenmented as a panel where an
input switch such as an up-down key is fornmed, a receiving device for
recei vi ng aof Byoran cordings conpepted setiplbnby &e dirst Fétclegrod dhe mantvapdingruyit;
be a value stored as default or previously inputted by the user, or a
val ue new yandeicoeib!duit which pegubatdsche levePETHKRRPG I odigge7 putgo the output
The control unit (8) conpares the input voltage neasured at the |evel
measur ement temmirtal pp pwitehing henttchoféte pokliggd, firstredvipbesf drenecadi swéiehnapd
control operation of the first-third switches (1130-1bn, 3, 4) and
bypass swi t die thisJ swicchadj ust the i nput voltage to the target voltage.
Focusing on the operation of the control unit (8), the overall
operation of theThubaombiicvoltkt agalaedultied eomplides aitlesd etasumerkéng uni? for
wi |l be explained according to the target voltage and the input

vol t age. measuriOf thetlewl afnaetnptinneltage , ingutRe o niatiaput daindingds asd ofvihe
in below <Table 1> will be referred to. <Table 1> shows experi nental

data show ngrdaentrbined ta@ledloltade NSlo®E:r thirethewdval W thelinpt Wiiake, (1de) cotfr@l unit
determ ned as the input voltage is inputted between 187V and 2201/

under the cenrdil doafrolshed Sufallf dfUrftSwathds erebpddléltod NitiaBOdifirendd Rtween
fixed at 500T and the target voltage is set to 2201/. Tar get

vol t age et WRhiBER the medéalcdagR] & thé ppanedapumber of main
wi ndi ngs to be

In addition, the automatic voltage regulator of the present invention further

comprises a bypass path to cause the input voltage to bypass the main winding unit; and

a bypass switch for switching a connection condition for the bypass path, and if the

level of the input voltage corresponds to the predetermined target voltage, the automatic

voltage regulator is configured to turn on the bypass switch to cause the input voltage to

bypass the main winding unit.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic drawing of the circuit for explaining that in conventional
toroidal transformers, a plurality of voltage levels are output from a plurality of tabs of
the field winding.

Fig. 2 is a schematic drawing of the internal structure of the automatic voltage
regulator capable of regulating the output voltage to the voltage corresponding to
1[turn] according to the first embodiment of the present invention.

Fig. 3 is a schematic drawing of the internal structure of the automatic voltage

regulator according to the second embodiment of the present invention.
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Fig. 4 and Fig. 5 are schematic drawings for explaining the winding method of

the toroidal transformer used in the embodiments of the present invention.

DETAILED DESCRIPTION

The embodiments of the present invention are explained in detail with reference
to the accompanying drawings.

Fig. 2 is a schematic drawing of the internal structure of the automatic voltage
regulator according to the first embodiment of the present invention.

Referring to Fig.2, the automatic voltage regulator is configured to comprise a
main winding unit (1) having a plurality of main windings (lag~1a,) and a plurality of
first switches (Ibg~1by), a field winding (2), a second swiich (3), a third switch (4), a
bypass switch (5), a level measurement unit (6), an input unit (7) and a contro! unit (8).

The main winding unit (1) has one end connected to an input terminal (L1) to
which an input voltage applies and the other end connected to an output terminal (L2).
The circuit connection between both ends (connection among the main windings
(lag~lay,)) is determined according to how the plurality of first switches (1bg~1by) are
switch connected. That is, as illustrated, depending on whether the first switches
(1bg~1by,) are connected to one end of the main windings (lap~lay), it is determined
whether the corresponding main windings (lap~1a,) are comprised as one element of a
serial circuit connecting both ends of the main winding unit (1). Hereinafter, it is
referred to as a “serial mode™ where the first switches (1bg~1b,) are connected to one
end of the main windings (1ag~la,) so that the main windings (lag~la,) become one
part of the serial circuit to increase the total number of main windings, whereas it is
referred to as an “insulating mode” where the main windings (lag~1as) are insulated

from the serial circuit.
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By switching control of the plurality of first switches (1bg~1by,) in the serial
mode or insulating mode individually, the main windings (lag~la,) comprised in the
serial circuit which connects both ends of the main winding umit (1) can be selected, and
thereby the total number of main windings comprised in the serial circuit can be
controlled.

In particular, in the present embodiment, the plurality of main windings
(1ag~1a,) are formed to have turns of 2°=1, 2'=2, 2%=4, =8, ..., 2"T(turns) (here, n is a
natural number). Thus, by combining the main windings (lag~la,) to form a serial
circuit, the total number of main windings of the serial circuit between both ends of the
main winding unit (1) can be regulated so as to correspond to a natural number within
expressible range. For example, if n is 10, the number of main windings can be
regulated to have turns corresponding to any natural number between 1~2047.

The field winding (2) is excited in the main windings (lag~la,) serially
connected between both ends of the main winding unit (1). Therefore, the turns of the
field winding (2) are fixed, but the level of voltage at which to excite the field winding
(2) varies depending on the total number of main windings comprised in the serial
circuit of the main winding unit (1).

The second switch (3) is designed to selectively connect one end {2a) of the field
winding (2) to either a reference potential (N) or the output terminal (L2), and in this
connection, the third switch (4) is designed to selectively connect the other end (2b) of
the field winding (2) to either the reference potential (N} or the input terminal (L1).

To be specific, if the second switch (3) is switched to connect one end (2a) of the
field winding {2) to the output terminal (L2), the third switch (4) is inevitably switched
to connect the other end (2b) of the field winding (2) to the reference potential (N). In
conirast, if the second switch (3) is switched to connect one end (2a) of the field

winding (2) to the reference potential (N), the third switch (4) is inevitably switched to



1. 8%

215 5 12 2.3% 214 6 14 2. 7% 913

(PCT/KR2009/001772) 9

connect the other end (2b) of the field winding (2) to the input terminal (L.1).

This is for conversion between a mode where an inductive voltage formed in the
field winding (2) is added to the input voltage (hereinafter, “addition mode™) and a
mode where the inductive voltage is subtracted from the input voltage (hereinafier,
“subtraction mode™). In the following description, details are given to explain which
mode is used under which condition. Here, details are given to explain that the second
switch (3) and the third switch (4) are interlocked in a certain way and switched for
conversion between these modes.

In the present experimental example, an embodiment is explained where the
winding direction of the field winding (2) and main windings (lag~1ay) are uniformly
fixed to a tforoidal core, and particularly, if one end (2a) of the field winding (2) is
connected to the output terminal (L2) and the other end is connected to the reference
potential (N), the field winding (2) and the main windings (lag~la,) are wound to
operate in subtraction mode.

Referring to Fig. 2 again, the bypass switch (5) is configured to directly connect
the input terminal (L1) to the output terminal (L2) or insulate the input terminal (L1)
from the output terminal (L2), and provides a path for bypassing for the input voltage
when a user attempts to output the input voltage without change.

The level measurement unit (6) is configured to measure the level of voltage
inputted through the input terminal (L1), and a peak value, or an rms value, is measured
and output.

The input unit (7) is configured to receive a target voitage from a user that the
user attempts to output, and is variously implemented as a panel where an input switch
such as an up-down key is formed, a receiving device for receiving a remote control
instruction, etc. The target voltage may be a value stored as default or previously

inputted by the user, or a value newly revised during operation.
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The control unit (8) compares the input voltage measured at the level
measurement unit (6) and the target voltage, and performs switching control operation
of the first~third switches (1bg~1by, 3, 4) and bypass switch (5) to adjust the input
voltage to the target voltage.

Focusing on the operation of the control unit (8), the overall operation of the
automatic voltage regulator illustrated in Fig. 2. will be explained according to the target
voltage and the input voltage.

For better understanding, experimental data as shown in below <Table 1> wiil
be referred to. <Table 1> shows experimental data showing how the total turns of the
main winding unit (1) are determined as the input voltage is inputted between 187V and

220V under the condition where the turns of the field winding (2) are fixed at 500T and

the target voltage is set to 220V.

Number
Target Input Voltage of main Voltage
voltage voltage difference windings to be regulation
required

220V 220 0 Bypass £0.0%
219 1 2 *+0.5%

218 2 5 +£0.9%

217 3 7 +1.4%

216 4 9 £1.8%

215 5 12 +2.3%

214 6 14 +2.7%

213 7 16 +3.2%

212 8 19 +3.6%

211 9 21 +4.1%

210 10 24 +4.5%
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200 11 26 +5.0%
168 22 37 +10.0%
187 33 88 =15.0%
<Table 1>

i} If the target voltage (220V} is identical to the input voltage (220V) — bypass
mode:

The input voltage is controlled to be output without change. To this end, the
control unit {8) turns on the bypass switch unit (5) to cause the input voltage to bypass
the main winding unit (1) and be output fo the output terminal (L2). (Refer to the first
line of Table 1)

it) If the target voltage (220V) is higher than the input voltage — addition mode:

The input voltage must be boosted to the target voltage.

To this end, the control unit (8) controls the first~third switches and bypass
switch (5) to cause the input voltage to be boosted for output.

To be specific, the control unit (8) turns off the bypass switch (5), controls the
second switch (3) to connect one end (2a) of the field winding (2) to the reference
potential (N), and controls the third switch (4) to connect the other end (2b) of the field
winding (2) to the input terminal (L1) (addition mode).

Meanwhile, the control unit (8) regulates the level of the inductive voltage of the
field winding (2) which is the size of added voltage so as to compensate the difference
between the level of the input voltage measured at the level measurement unit (6) and
the target voltage. To achieve this, the control unit (8) calculates the total turns of the
main winding unit (1) that can induce the voltage comresponding to the voltage
difference, and conirols the first switches (1bg~1b,) so that the main windings (1ag~1a,)
to be combined according to the calculation form a serial circuit. That is, the control

unit (8) selectively switch controls the corresponding first switches (1bg~1by) to the



198 99 37 10.0% 187 33 88 15.0% <Table 1> i) If the target
vol tage (220V) is identical to the input voltage (220V) - bypass

node: The ingut voltage is controlled to be output w thout
change. To (R YRS 99’(991137%)0ntrol uni t (@) turns on the bypass swtch
unit (5) to cause the input voltage to bypass the main w nding unit

(1) and be output to the output termnal (L2). (Refer to the first
| i ne of Tabbkela) mode or insulating mode so that the combination of main windings corresponds to
the total calculated turns.

Referring to <Table 1>, it can be confirmed that as the input voltage gets lower
than the target voltage 220V and the voltage difference increases, the furns of the
overall main winding unit (1), i.e., the sum of the turns of the main windings (1ag~1ay)
serially connected, should increase to increase the level of voltage induced to the field
winding (2) and thus make voltage compensation possible. For example, in case the
input voltage is 219 'V, the voltage difference is 1V and the number of main windings to
be required is 27T, whereas in case the input voltage is 210V, the voltage difference is
10V and the number of main windings to be required is 24 T.

iii) If the target voltage is lower than the input voltage — subtraction mode:

The control unit (8) controls the first~third switches and bypass switch (5) to
cause the input voltage to be subtracted for output.

To be specific, the control unit (8) turns off the bypass switch (5), controls the
second switch (3) to connect one end (2a) of the field winding (2) to the output terminal
(L2), and controls the third switch (4) to connect the other end (2b) of the field winding
(2) to the reference potential (N).

Meanwhile, the control unit (&) regulates the level of the inductive voltage of the
field winding (2), which is the size of subtracted voltage, so as to compensate the
difference between the level of the input voltage measured at the level measurement unit
{6) and the target voltage. To achieve this, the control unit (8) calculates the total turns
of the main winding unit (1) that can induce the voltage corresponding to the voltage
difference, and controls the first switches (1bg~1b,) so that the main windings (1ag~1a,)
to be combined according to the calculation form a sevial circuit. That is, the control
unit (8) selectively switch controls the corresponding first switches (1bg~1b,) in the

serial mode or insulating mode so that the combination of main windings corresponds to



ii) If the target voltage (220V) is higher than the input voltage -
addi ti on node: The input voltage nust be boosted to the target

vol t age. To this end, the control unit (8) controls the
first-third(%QIQ%%@QWQQHWB§paSS switch k%) to cause the input voltage
to be boosted for output. To be specific, the control unit (8)
turns off the bypass switch (5), controls the second switch (3) to
connect one tlendtal Gddulapéd e, fi el d winding (2) to the reference
potential (N), and controls the third switch (4) to connect the other
end (2b) of the ReklrthgmondTable (2)aghin, ithenibeputies@odithal th¢ hbnber of main
(addi tion node). Meanwhi |l e, the control unit (8) regulates the
| evel of t hevihdiesabibee@eqitlet agpropbrtibhed td tirl ahsoliita dilng of Z)e diffe@hcd Isetiden
si ze of added voltage so as to conpensate the difference between the
llevel of thenel idpetvonald ageheepatvadgat THhefdrewaletite #eUnpReBltagins highd)
and the target voltage. To achieve this, the control unit (8)

cal cul at es bheywepttBdn thdriigeOloltdge niERID 1¥taiaslikd thelsibitehlnk) mbiabf €R@MNecond
i nduce the voltage corresponding to the voltage difference, and

control s t hewfil SY asIMHeGReS swikdhaa), b is50t & Bator the Rl fles Whe\dinli@s of main
(lao-lan) to be conbined according to the calculation forma serial
circuit. Th@findiSss b BErgaptd 0ol unit (8) selectively switch controls
the corresponding first switches (I bO-Ib) to the

Combi nat i on of mevn el Nl koeetarraakst QB RQFRIE, SR, A8Het 3 man
turns. . rr i >t onf |

i nput voltaagﬁgi ;5F§§§$H?ﬂ§ﬁ8%§gk€g¥%g?%@gF@§3%3gfggﬁgﬁg&t gdS%FP% e
di fference incr. . 0 s i i.Rd), ugj :
e o the stmR i e b, 2l eLlE Pln TGl U Bl e ol
connect ed, i .0 lncre : I i I d
fo the f1el o g P aBa i phE T2 e 4E Ko hod Rl BOGUAMHERT
For exanple, in _case the input voltage is _219.V, the volta . .

i 11 or onte. Py ARRGEs, Al B o G e i o b R T pgive
2T, whereas_in ca t i nput voltage is 210V, the voltage difference
is 10V and Fﬁz%ﬁﬁﬁﬁgﬁgﬁ%wﬁﬁﬂﬁ(é}ndings to be required is 24 T. iii)

If the t t t o th he, i t t z t ti
mder 0 The FLRERBIS GHAS [y romnore W HTLORE o1 Bk EE
out put - okt o1 VR St B cepBre e Dy Vel RESTghE e s

bypass switch (5), contrals second swi.tch (3), to connect one end
(2a) of the®d écrra ATy R tl&ég‘g §res &Jt \345‘831' r}eﬁf’ngl}’?a‘lc’n?’ﬂz‘)‘%“ é?\étores data
controls the thir? swtch (4) to connect the other end (2b) of the
field w ndi A teXeliege disranss @r%fﬁe é‘"ﬁ‘g?ré?ft“ilaélil weings to be requirgd, agrprding to
the control unit (8) regulates the |evel of the inductive voltage of
the field woprdifisatiqs) in aganse. | dt based jopethgstarphtdatie tted coufral agut (®ocaas
to conpensate the difference between the | evel of the input voltage
neasur ed at Seleféivelyvantcheeniigl Sedist swifrles (B~ Hnbitorshealtpgdger inpplatingpaodero
achieve this, the control unit (8) calculates the total turns of the
mai n wi ndi ng uni Thy tenstifioncefnFigndurseording tohe et evbodespunedi thg mresent
the voltage difference, and controls the first switches (1b0-1b) so

t hat the mainveiondéands Widatsiopd)tothe vasoesdbrioddigd aithon thenggopoof the present
calculation forma serial circuit. That is, the control unit (8)

sel ecti vel yirseitiawh controls the corresponding first swtches (lbo-Ib)
in the serial node or insulating node so that the conbination of main
Wi ndi ngs cor r espBordsxanei¢, FCEAKRROQ S B8bd 7B t1Br the turns of the main windings

(lag~la,), other combinations can be possible instead of ok k=0, 1, 2, 3, ...). For
example, once the turns and core capacity of the field winding (2) are determined, it is

possible to decide on the nun.ber of the turns of the main windings (1ag~1ay,) so as to



the total calcul ated turns. Referring to <Table 1> again, it
can be understood that the nunber of main windings to be required is
proporti onal e value of the difference between the

t ar get voltéagﬁgﬁgﬁPQﬁgﬁhgbt vol t age. T‘Erefore whet her the input
voltage is higher or |lower than the target voltage nerely relates to
the switching node of the second switch.(3) and the third switch (4),
but is not &ofespewst ta Hgt Vcﬂr@éﬁi fifeesench eof =L, Aaidn--wi ndi Hys cass, eis
reqU|red Conmparing 'voltage difference,' voltage regul ation’
and ' nunber dificutaionreghlati thg yottagebef lesaban &d,; blarnbmgpcustalélecml compsnsite the
<Table I>, it can be understood that they are proportional to one
anot her. Thabhﬁsﬁﬁﬁsmmherﬁmnﬂge difference is greater, the voltage
| evel to be conpensated is greaten Thus, it can be understood that
the total nunber Fafhendt canvibenalidagsoos hbaltet fnensadnhe HitlH edndiag (D)ansase ben
order to increase the inductive voltage of the field winding (2).

I n addi tionfixéablie iy caapings tdtadsatyhe prakilageedithd @rale of afind % shet hain
1V as well as the difference of IV unit can be conpensated, and it
may vary depémiidigne fieldiRgindidgd) svhahdnB e xgapagitdily Rferhhed id &lvence.

wi nding (2). Therefore, the control unit (8) stores data on the

vol tage differengecaaiglg tderhOiumite it G the Wehtilt RYEntIR, RecabEMYint@ber of
according to speC|f|cat|ons in advance, and based on the stored data,

the control o bf €8 nRANWERIGS L MR eWhihed i€ aBtamel athRahi rt§tthe voltage
switches (lbran) to serial nobde or insulating node.

consti tuti ogifRfenké it i? REKOIE db NlcibMet dieddckdasd tl?enﬂfﬁ@d &I Oéconﬁ&?ed after
present invention can be understood to be variously ﬁDdI?Ied W t

the scope Ofneﬁﬁl‘ﬁng HRSIBR] o ﬂ\éeiﬂttﬂu@ Qoltage and e\Fa‘PL‘iatlﬁ?s( ﬁ{mh@asm eH v&IRE t(pﬁnd the
understood that for the turns of the main w nd |ngs ' ag-1an),
conblnatlong RepRssi bl e instead of 23" (1c=0 1, 2, 3, ...). For
exanpl e, oncéﬁaﬂé t&rns and core capacity of the field wi ndi ng (2)

are, determ ned. o sypasAL erk SECk e, OB eBUTRRY: O A E.
d f

Eﬁr ;eiggg h’%% 15%[8: Jlléﬁ%q CU?% ﬁl%t &Eafc'leﬁﬁ{ ﬁ{e(a voﬁtﬂéevéfl E{P%:gic %Ph%nce?és '\zﬁ,li)as ﬂlﬁ]el

Fur ther. 1 Ean s EhRa SAERIRNH Rl Ll Gh O RERRERE il )

may not be

the number BITLPRE °5lrcaflﬁa°"ha.fﬁteém*'%iiﬂ\gﬁ52%%@1%?&1%%% el e
b d : A di t th

embodi mont s of ¢ R BIECRHE THORED OHec I AoC st PhahEnie CWPek LRHEF &

th i i ndi t,d di to th

ol tage i { FEARES sftdi s%%@g@h%ﬂd iy i i

serially conpected afte suri.n evel of tput vol t age
and evaluatPﬂBxF%%=ﬂ@é§ 188 éWW@%P%HﬁlﬂﬁWW%¢§ OH% ate turns.

As expl ai ned above under_ the environnent of pqor el ectric power
supply where t heFignput 2vehanndis wryuag 9bther dugui Oﬁfﬁlé‘“‘ ?L&?‘Bﬁtlc\/‘fﬂl{g‘é‘@@ga#am
el ectric appliance as well as under the environnent where power
saving is r&gardiagto hygecqud srpgdineiof theguesenignyatiop. which ﬁ@ilﬁ?%@rﬁ@m
invention can provide rated voltage by automatically boosting input
vol tage.  intermnathdrusiugs ehin iFigeht ?Bw s,clpusing eetthy differgeesin die Foagved
t he out put voltage by switching the second switch (3) and the third
swi tch (4), chanptaistet botweapridge 3t adeRiger?t and thodusi sgbadithente duskrogd

by switching the first switches (1b0-1bl).
embodiment will be explained.

Referring to Fig. 3, one end of the field winding is fixedly connected to the
output terminal, and the other end is fixedly connected to the reference potential.

Therefore, as mentioned in relation to the first embodiment, the automatic



Fig. 3 is a schematic drawing of the circuit of the automatic voltage
regul ator according to the second enbodi nent of the present

i nvention the sanme internal structure as in Fig. 2.
Thus, focusﬁﬁgf@ﬁt%ﬂ§bgpﬁéérences inth §structural characteristics
between Fig. 3, and Fig. 2 and the first enbodi nent, a second

enbodi ment wi |l be expl ai ned. Referring to Fig. 3, one end of the
field wi ndi gltags reguletar 9f Bignpdevsed only fonecdycing die mprtialase onaipvingit a
other end is fixedly connected to the reference potential. Therefore,
as nent i onedypass.roal eannoiberused fos bposting thentrydvettage, t he aut omatic

(PCT/ KR2009/ 001772) 15 vol tage regulator of Fig. 3 is used only for
reduci ng the i npStidviohitaige wrusaé osiltgiron @nideaies, obattuat amhetriabesage,
used for boosting the input voltage. Said |imtation on usage
resul ts frosudoascdenaeisodembndscfouahvinggowtr, iiafrastiscige, where helagiic power
consuners' denmands for saving power, infrastructure where electric
power suppl yupdy Stsedblecetcet c. Al t hough options on the node of
operation are linmted conpared to those of the first embodi ment, the
automati c vol t agalhegth @ftions & thehtods et opdtaturinne linksd cdnﬁpetrétﬁtostﬁd@ ofishe
that of the first enbodinent, in that it is capable of operation in
t he af or enefifriteR@Odinieht, HRChit@RMtiTRIRaRIELUMIQCIH TSR LOdIdre@lbodidht {sahdsame
[V]. Fig. 4 and Fig. 5 are schenmatic diagranms for expl aining

the w ndi ngss @fat af thefRsdalbolimans fig kiR st iae4RpRicT@pbatidh® the hfstenddoned
second enbodi nents of the present invention. Referring to Fig.

4, the fiel dumtREb DB olLAnd RedRURHrSIQ0AS 1§ 0 [PE distributed all over a
toroidal core first. Next, as illustrated in Fig. 5, a plurality of

mai n W ndi ngs (14l saR)g @‘ff S‘A’Qfén%llglﬂaﬁ&@1a§1‘aﬁisdfoWeQﬂhiﬁﬁlg( §1)31\v!nd§3gs of a
coils are wound to cover t field wi nding ( SO0 as not to overlap.

Each of the B WalihRas a(:!:cﬁ'allngatlﬂ)thk SirGONd %Bz?cﬂ ehBodl AR %fstth@rﬁlés@ﬁlt
point and termnating point of The wnding, and the plurality of main

wi ndi ngs (Iq$ﬁﬁ are counted and di stingui shed by the unit
consisting o %e starting point and termni nating point. As

I d ab , I
expl ai ned anove, reARNEMEI98Y 1Al %pmgt@ggg%@%s%ﬁgsdgg[me%n%q?

to renove a tab so as to ferent [evel

i nductive V%l o?cgﬁl é’&é gﬁr:% here ag n{e 'terclgm( \glOl,c{n Lll%ﬂd; g@%ﬁvmdmos

wi ndi ngs (I ar eg ree boostin ucl ny

of volt age ;ﬁaé’f Lo %eavGOLln%Xt rt%g'ﬁe}/d M}%‘; &?@% i.e., coils afk \gglﬂltdrtt% Sdovey tﬂfr:] Hif

t or oi dal accordi ng enf nventlon

IR ('t%@a% 2338 ShT P Rudp, B SRR B lf'o.sfﬂ%ﬁs SeRutLln

vol tage, m'h%*pe 3 rsta\llthgg gon?t and teumgmatmg Rr%toﬁg {19 %Z (2 1a?1d the plurality of main

windings (1ag~la,) are counted and distinguished by the unit consisting of the starting
point and terminating point.

As explained above, conventional toroidal transformers were configured to
remove a tab so as to be capable of obtaining different levels of inductive voltage, with
the field winding (2) wound on the main windings (lag~la,), and thereby, the degree of
boosting and reducing of voltage is fixed and extremely limited.

In contrast, in the toroidal transformer according to the present invention, the
main windings (1ag~1ay) are distributed and wound on the field winding (2) so as not to

overlap, and thus it can obtain various levels of output voltage, which provides a wide



choi ce of sel ections conpared to conventional toroidal transforners.
As descri bed above, the present invention has precise voltage control

to enable t vol tage | ev desired by the user, and
precisely cgf?fwh?ﬂélﬁgfl ety of appl F‘%ati ons of power saving and
vol tage booster. In particular, the present invention can
boost/reduce the |nput voltage to provide a desired target voltage
within an erhege ?%ﬁﬁ%&tl@ﬁ compyed togonyemsignal toroidal ignstprmetse pr esent
invention conprises a sinple relay switching circuit and excl udes
sem conduct or swiAsdRsoledabdveete présertayeniben hay magshydtags copet & ¢nable
adaptively in different system environnments w thout an additional

modi fi cat i ofhe output of thgrvoliege, levdl depired derhe isan end pomiselyesrrive butf Dyametyenfy
output tabs or auxiliary coils, and can regulate the voltage in a

br oader rangeplicanehsatf pover saveg tidreologn bacstarr &t pdrjicwdart thet prasept irakntiza
wi thin the vol tage regul ati on band. In addition to the

enbodi nent s canl bast/redtuedthanopud esitagehe hrabidy & desiredanigenvdiaye ngthin 4 ereory
know edge in the art to which the present invention pertains can
under st and tdnat of Arblouslessndi fi cati ons of the present enbodi nments can
be practiced wi thout deviating the technological spirit or principle
of the present i AW@aNtheOPresent inverfioh @¥pRds€a strhigle frelagtsvitvhingheirbittdig
present invention is to flexibly determine the turns of the nain

Wi ndi ngs seekdhdey SRMBEGIEGr Wiviifthihga dedites Ui theredN thellgUSasadle RE BheriRg
at different positions unlike fromthe positions in Fig. 2 and Fig.

3. To be speagiptivély i€¥i€Rrent sydteR] sivabhhdtOhith@Ran MBridlpe8direRidshe mai n
wi ndi ngs, and any one of these tabs is connected to either the input

termnal or out ppfHegriAd PREent V@niMIHed GotThrnt BRNTBIBuMh AL NYSi1E3 T RE
selectively nodified. Therefore, the present invention nust be

i nterpretedafPcinfebiide Bt vofARe8 IMBER: tRef Ak tﬁé’"’-g&r%g@ tiin%hc%ﬁ ra@aﬂﬁgy

to determine the firnal turns of the nmain w ndings, suc

modi fi cati ogsiust, g URHEHSED . i, i, the scope of the
pr esent i nvent | on? Thgyscople o?ﬁtia %/)lée%?[ia%\ér#gvl\qnjnﬁ] be determi ned by the

accompanyi ng ! iAW) ik ROTLATRO0R0I TR L SO VALET) Srvin

| NDUSTRI AL APPLI CABI'LT TY _ present 1nvention can b
applied to gldin& RESIRALCHEAY BB WniGEHY Fia% BvaliBR! LRl tA98derstand

that various modifications of the present embodiments can be practiced without
deviating the technological spirit or principle of the present invention.

For example, the first switch of the present invention is to flexibly determine the
turns of the main windings serially connected within a circuit, and thus can be placed at
different positions unlike from the positions in Fig. 2 and Fig. 3. To be specific, even
if a plurality of tabs are placed on the main windings, and any one of these tabs is
connected to either the input terminal or output terminal, the winding of the main
windings can be selectively modified.

Therefore, the present invention must be interpreted to include all cases where
the first switch is arranged to determine the final turns of the main windings, and such
modifications must be understood to be within the scope of the present invention.

The scope of invention will be determined by the accompanying claims and their



18 WHAT IS CLAI MED I S: 1. An automatic voltage regul ator for
converting an input voltage applied to an input term nal and

out putting Lhput voltage an out put term nal,
conprising:Eﬂgﬂ%%gé&%gﬁﬁ7grnding uni t htﬁing one end thereof
connected to the input termnal and the other end thereof connected
to the output termnal, and having a plurality of main wi ndings and a
plurality ofqdivalews.switches for switching so that the plurality of
mai n wi ndi ngs are selectively serially connected, a field

wi nding excited in at |east one of the main w ndings connected
serially by the first switches of the main w nding unit; a
second switch for sel ectivel INDORRRIALAPRICARIALISY the field wi nding
to either a reference potential or the output termnal; athird
switch for conneChé mpeestiteinotiten emdbofustfaby fapeliet vo ratli elgettomice efdipment
the reference potential or the input termnal; and a control
unit whi ch regliinateesabidwliagael of an out put vol tage output to the
output termnal by switching control of the plurality of first

swi tches, the second switch, and the third sw tch. 2. The
automatic voltage regulator of claim1, further conprising a |evel
measurenment unit for neasuring the level of the input voltage
inputted to the input termnal, and wherein the control unit is
configured to: if a predeterm ned target voltage is higher than
the |l evel of the input voltage neasured by the | evel neasurenent

unit, switch control the plurality of first switches in response to a
vol tage di fference between the predeterm ned target voltage and the
nmeasured | evel of the input voltage, control the second switch to
connect the one end of the field wnding to the reference potential,
and control the third switch to connect the



19 other end of the field winding to the input termnal, and if
the predeterm ned target voltage is |lo than the |l evel of the input
vol tage, switch control the plurality of first switches in response
to the difference between the predeterm ned target voltage and the
nmeasured | evel of the input voltage, control the second switch to
connect the one end of the fielWHATE ai.AIMEDdSout put term nal, and
control the third switch to connect the other end of the field

wi nding to the neharfRGeatROIRAEE 8dgulator for comertiliCantinhOTRiliage vppliedge an
regul ator of claim2, further conprising a user input unit for
inputting t er,m { UgET, ;
The aut onaHbgut &gﬁlﬁgélegﬁraegﬁﬁg @@;ﬂﬁe X:l@g\}ve%;l@g mP ﬁmvhgfgecﬁﬁrrg?i %Lilt}r)%t: teéﬂnnal,
bypass path _far. .causing the input voltage to bypass the main w nding
unit; and 50%?532% switch for switching a connection condition for

t he bypass path, and . . wherein if e level of .the input volta
corresponds to @H@a P@H‘@P%PH%\Q%@HHEQ%S?& Fetogﬁg?nef{?g t%ﬁleolﬁglt“i tgrniinal étid
vol t age regul ator is configured to turn on the bypass sw tch }l,to cause
the input Vs ethegreendotheipeh senneried faithe owtad; tegnigal nd having a pluraijfysot main
automatic voltage regulator of claim1l or claim2, wherein the field
wi ndi ng i s windings end a tlarbiydefl fisoswitchdsefopiswitalhing o shatnthe mphukkidi ofgeain
wind the field winding, and the plurality of main w ndings are wound
on the tor efigdihgcatsclscivaby seatlly corareteiap with the field w nding.

6. An automatic voltage regulator for converting an input voltage
inputted to an iaRRU wiiRlide dlted B AWRUEn ITehEDBIMOITnGTIgh Biiectéd bérddle by
to an output termnal, conprising: a main winding unit having

one end t herepl: CORMRSHLRe Wit R difP@i;t erm nal and the other end

t hereof connected to the output termnal, and having a plurality of
L1 0> el A s LS RGP B
a reference potential or the output terminal;

a third switch for connecting the other end of the field winding to either the
reference potential or the input terminal; and

a control unit which regulates the level of an output voltage output to the output
terminal by switching control of the plurality of first switches, the second switch, and
the third switch.

2. The automatic voltage regulator of claim 1, further comprising a level
measurement unit for measuring the level of the input voltage inputted to the input
terminal, and

wherein the control unit is configured to:

if a predetermined target voltage is higher than the level of the input voltage
measured by the level measurement unit, switch control the plurality of first switches in
response to a voltage difference between the predetermined target voltage and the

measured level of the input voltage, control the second switch to connect the one end of

the field winding to the reference potential, and control the third switch to connect the



20 a field winding excited in at | east one of the main w ndings
connected serially by the first swtches of the main wi nding unit;
and a control unit which regul at eigthe | evel of an out put

vol tage output to the output terminal by switching control of the
plurality of first switches, the second switch, and the third sw tch.
7. The aut otiet bl vahé gl wigdisnlsas e iaputaéraiinalfandf ur t her conprising a

| evel measurenent unit for measuring the level of the input voltage

inputted to the;jt @@%e&%ﬂﬂé@'targ@ﬂdolyﬂg@ (€1dwdr MBarC@BER ofiiflid inb6t voltage,
configured to: if a predeterm ned target voltage is | ower than

the level of lheiRR Lffleiﬁ RIS é’i‘stvﬁ{&h N feQbonksd & MleUWdifibich¥e Btwhd &le
ditgiof

switches in response to rence etvveen the predeterm ned

target volta g\?gl}qglgéggﬁggea e?anlg ¢ Pbe%grﬁr%(!"?%vgf;?ﬁlﬁhe %gﬁta\goqtaige control fre

The aut omaff er ¢

bypass path for causing the inpu | t t ass tt@ Wi nd n
unit; and ASYSPPARACR P FE‘Pf‘qchhes%etf@ﬁ Orfag ﬁ@&nﬁﬁ%ﬂ S Sr‘?g?pt”lt 6‘?51‘“?%1 hd
t he bypass pat h, and wherein if the |evel of the jinput voltage
cor r espondson@lithe trdeitdr in w&e@téh@@thewn@ agéhe figld vandiggde the reference
vol tage regulator is configured to turn on the bypass switch to cause
the input yotenigle to bypass the main w nding unit. 9. The
automatic voltage regulator of claim6 or claim7, wherein the field
wi ndi ng i s wound. Qhe autodiaticdalitagdraulatdreofpdlaimal j fuythef coraprising adisergmput
wind the field winding, and the plurality of main w ndings are wound
on the tor@hdah: iGPhtEnS thedFetBmiiedaudel Ailtage from the user.

4. The automatic voltage regulator of claim 2, further comprising:

a bypass path for causing the input voltage to bypass the main winding unit;
and

a bypass switch for switching a connection condition for the bypass path, and

wherein if the level of the input voltage corresponds to the predetermined
target voltage, the automatic voltage regulator is configured to turn on the bypass switch
to cause the input voltage to bypass the main winding unit.

5. The automatic voltage regulator of claim 1 or claim 2, wherein the field
winding is wound on a toroidal core, the plurality of main windings wind the field
winding, and the plurality of main windings are wound on the toroidal core so as not to
overlap with the field winding.

6. An automatic voltage regulator for converting an input voltage inputted to an
input terminal to output the converted input voltage to an output terminal, comprising:

a main winding unit having one end thereof connected to the input terminal and
the other end thereof connected to the output terminal, and having a plurality of main

windings and a plurality of first switches for switching so that the plurality of main

windings are selectively serially connected;
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a field winding excited in at least one of the main windings connected serially by
the first switches of the main winding unit; and

a control unit which regulates the level of an output voltage output to the output
terminal by switching control of the plurality of first switches, the second switch, and
the third switch.

7. The automatic voltage regulator of claim 6, further comprising a level
measurement unit for measuring the level of the input voltage inputted to the input
terminal, and

wherein the control unit is configured to:

if a predetermined target voltage is lower than the level of the input voltage,
switch control the plurality of first switches in response to the difference between the
predetermined target voltage and the measured level of the input voltage.

8. The automatic voltage regulator of claim 7, further comprising:

a bypass path for causing the input voltage to bypass the main winding unit;
and

a bypass switch for switching a connection condition for the bypass path, and

wherein if the level of the input voltage corresponds to the predetermined
target voltage, the automatic voltage regulator is configured to turn on the bypass switch
to cause the input voltage to bypass the main winding unit.

9. The automatic voltage regulator of claim 6 or claim 7, wherein the field
winding is wound on a toroidal core, the plurality of main windings wind the field
winding, and the plurality of main windings are wound on the toroidal core so as not to

overlap.



