(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 ar (RCTKRIN0QN03AE2) ¢ vol t age redul at or capabl e of precisely
controlling an output voltage |evel by using a toroidal

aut ot r ansf or mer. BACKGROUND An automati c vol tage regul at or
using a toroidal autotrangfieFdRIABRNVOR TARE HESUEA/IRNY various
regul at or wi ndi ngs. However, the output voltage of such a regul ator
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 toroid [/ rjoer i s designed to
wind coils according to the desi?&gﬁ3§g¢éggﬁ%&Jg§ve several out put

t aps. Forjﬁ ﬁ%@ . as jll strated in Flg. [, l@ﬁtotransf rner
can be desi gned B 13"?51'“8{“5? ey (ufn upyag VOlb'?‘gecE?g oty Ptighlgrly to an
wi ndi ng (2003 excited in a main winding (100) so _as to output various
vol tage | eguiogatipfvoitage tegrigiariapehie of peasiselor safrollingsan aepiigindiase kel by
in case where 220V is applied to the main winding (100), 20V is
appl i ed toubogh teneiial aftotrestormion Wi ndi ng (100) and each tap of the
field winding (200) reduces the voltage by 5V, the toroida
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, conventi oBACKGROUWNDC voltage regul ators
§upply di screte output voltages with a | arge devi ati on between the

vol tages. For exaMhfmdid LVBRaX é}%ﬂlﬁoﬂﬁisﬂ@s G kB8P bRYRran8REReC cah hﬁe
out put voltages with a deviation . €., each of 200V, 205V and

210V, is s 1 t t
vol t age reghﬁ&b%¥§h¥gﬁﬁggjoﬁg§gﬁe%gRﬂ%?glyvoﬁ?&éggéhggagway&ﬂﬂﬁ(ﬁ%udla
(PCT/KR2009/0 77 conve t|o automati ¢ volt.age .
regul ators,; %‘?%?ﬁ H") ﬂiﬁva%v%}ebef@é‘ie |Q¥1theaP”én 8?”? IFF‘cBH%FP‘ 'é‘ﬂ‘? SF%OﬂldﬁlgyeF%qs'
W will explain thjs in nore detail with an exanple of @ﬁfomer saV|Qg
devi ce usi %“%ﬁna b L YIBUN GO LY ¥Oa8E% 2B ABIOTRIG Y P HRERTER OpHELE &i1YR! 1
In the case of hi gh-story apartnent, a distribution board is

instal | ed ﬂhtoaa@ﬁ@émﬁéntﬁ deatgmed to3%0d| cils \ASHITIEE toothendestied soltpgp gF have
but the supply voltage decrease as the floor gets higher, and as a
resul t, abeererd@sipui tapsupplied to the 15th floor. In general, an

el ectroni c appliance can operate in a stable manner when a vol tage of
205V i s suppl i edFor dhansple, 43 idasatahiariég claah ahouaesfoses can pewesigs@ivioigve
devi ce whi ch decreases the voltage by about 10V, it is not ensured

that a housglsdel dfetpsdat b, @ ook FiaewBling BV cliedval a Widid wokdied (1083 so
| east the m ninmum voltage reqU|red for providing stable operation,

205V, due 95 BepUSGarRius %lthé}ﬂﬁpéi@p rif Qﬁ@td?&\d@lr aR@VdnREhraiey [sCR- de31gned that
Meanwhi l e, In thg case of the highest floor, it Is necessary t

I ncrease tk ?cé’sg l&lﬁgee’)i(ﬁy f‘sl apﬁﬁe(ﬁrﬂ)atgle ﬂm?ﬁ 8'05?@%%@@;3@?6(1&8% H &fds of

in a consistent nanner Se of a

apart nent, there is a tion te | t d
(o5 Consuity mhty niefhe QRPF AR LHES, h&f f‘#? ST W rrire s ofm%*gge by
hi gh-story apartnent are classified into floo ere the )
neads 1o bé vt e guRSHaNET PRy GOPY f\rma\r'@e FiFs @ aﬂd)e!’%gﬁ%sthe
to be increased so that a stable voltage can be sugélled However ,
convent i on&fcoadtiameni andvld DV aliem thagibird tar @).4p an ABPUERpABIAE of

supplying voltage levels with such a | arge deviation between them

whil e control | i g the, vainvegfemaprastinsaicy yoltagd  sgobitats ngipplyuderisth aueput

suf fered great inconvenience.
voltages with a large deviation 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 selJCEGRIBNGHG7Dhe vol tage | evel and thereby of supplying
an appropriate voltage. Meanwhi l e, in order for a conventi onal
automatic voltage regul ator to operate in a power electronic system

conpl ex feat ur exsSHueh @nventivahNakéangd QIIBE 1eg%l§a%1¢s AbrbPRing low precmlon are
(PCT/ KR20091001772) 3 transforner, detection transforner, ghl ghly

sensitive gf fyei%%ﬁ&%nféﬁj[ i LQ@LrseCWeonleé}{p%h bhis i %1@9&%2 wa‘{h[%\nt é@?ﬁ;ﬁ@&f‘&

circuit, triac swtching circuit, etc. "are requir

convent | ongl, BULOTRLd.C;LaLhAS8 4601 tﬁtv%ﬁta%@%;siaw%hb%v@a@% ! r'pf%gsﬁnhat

they are use eC|a ase such as a peri

expensi ve | abor at u Thus ener.al ..user canpot  affo

such regulatorszil gh%c?%h P@hﬁggﬁﬁ§éﬁﬁ?ﬁﬁﬁﬁnﬁbﬂﬁIH?@PQ]ﬁ@r 6i”ﬁ$@@dln a
mar ket abi | i t I n _addition, because such conpl ex devi ces cannot
oper at e nopﬁémeyt i FADRH 26p ¥ s ewpied irythedire floor, bat Restemyvlipag decrease as

changes, conventional automatic voltage regul ators have to betl

manuf act ur &i¢ flpoc seis ildgleat pshavh whdbtabiori £95enyispppliednto. the 157 flper. In
contrast, the automatic voltage regulator of the present invention
has a si nplgenstls actigrzomhiappliaioe samoperats én a spbkemasenivdenductage of 205V
circuit, and thus can control voltage precisely regardl ess of

el ectricitys emilicdnn®hts, in case Weaewiich houkh aiseLasprvarhyavian devité oftath
automatic vol tage regulators sel ectively output discrete output

ol t age | eviedrsaseh the Rolt@sedBy Ge¥al @Mt BethwreRs ke Mdt 3 ROGRUSEPLLE with a
regul at ors out put an output voltage 'from a tap fixedly placed on a

second aryvsmge of 215V dP8k&aASQM Jb%mtan%aﬁcml %ﬁhmhhggbﬁ%é q'fugred for

because a very limted range of w nding ne ods ave

toroi dal SRLRiahPsbiE GULEALEBIONESS BLRLAUIAIS: Sl B 08 sgfRE fevite

mai n W ndi ‘oroi dal~ coré,
certain thickness i.s mound ﬂ@ wi.ndi ng to forn1f|eld din
Where | nputTSIEBUE DSt e R REhes ook i pefstef ectssiie 1afiee T
i nserted betmeen the main wi nding and field wi ndings of a toroidal
core, probPethét peighle \olfase ean %@Péﬁq 1913 OPSIFGRYBAID M t he i nsert ed
coil. Thus, in this process, only field w ndings serially connected
by taps and a ndhat i ndth@gcaaq: ef adugh-story apartpgat,pthersainta laraeedviahioniis the
to inprove such a wi nding nethod for conventional toroidal cores and
t her eby t oswmmpubltygerprovisled évebensomer hetween losv flodbis agé digh floors.  The floors
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of a high-story apartment 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 (BuT8aR2G09/0B7¥Age regul at or capabl e of outputting
continuous voltage |levels and thereby of controlling voltage
precisely. The above objective of the present invention can be

achi eved byrapgmhéel Rgicdfod taasBihs, WIHRIendPRUE R @Rve fFRlluc Qé\:‘é@d’&n‘ Bigeuit,
an i nput voltage applled to an input term nal and outputting the

converted 'lllfggf‘sﬁaeé[d)ht/@gledllgﬁlrﬁrhl@ﬁ'irt RHLc L&A dﬂ%lr HCQLdiAg. f?leﬁheAs s result,

present inventi'on, conprising: a main wn uni t havin

t hereof co e 1 nd t § :
or ot CoRREAH 9,5yl RIMIAL 1 enawmpmsﬁ@%gwynwsea
e SR bt gt Ty SRR o LSRR LR S

field winding excited in | east one of the main w ndings connected
serial ly bycesal sy §%11W&em0%ﬁe&1ﬁe0ﬁam hup drengpnyptionah regalagnge do not
switch for selectively connecting one end of the field winding to
either a r&fer@akstabditintial or the output terminal; a third swtch
for connecting the other end of the field w nding to either the

ref erence pot enfi aldddront Frecausputuch ecompiet ;devines @amant sp@ate mdrmalbhy dh the
regul ates the |l evel of an output voltage output to the out put

term nal byrequérice hamig le@htofod seiteiheolplgdr éaingds, Aontétivhals witbalads , vildge
second switch, and the third sw tch. In addition, said

fautomati ¢ yohiAGE eI B RhnahetiRe iPEQRRREatHR W Bl ORIt léhwi‘@l{ment
conprises a |evel neasurenent unit for neasuring the [level t he

i nput vol tage i T@H&ﬁtﬁg LP&DEWV%I atggrr%% 'f%!)r’ ofthd Y%Q{ﬁh%nttlgﬁ hﬁQQEﬁiﬁJle

unit is configured to e to: edet erm hed target Vo

i s higher h of .th vl t asure

measur enen%pﬁérgm%e %hvvlﬁt c‘#escltlcﬁt lrl%l 53@3‘} eblsgéjaﬁ%gg y i Jflfl’}igt?%jm}l}u hc@g ?Or?tml
response to a voltage difference between .the predeternined target

vol tage andOt#E %%%E\‘ BN 6 ]I‘“’Ctl'(’ﬁt?’/’l‘f{@’@b%‘f ‘001772) 5 the input

vol tage, control the second swtch to connect the one end of the
field winding t¥epwhiles dhense@spivt BRY i pnveaHanal opuraspaticn ¢/oltagg gregulators
switch to connect the other end of the field winding to the input
term nal, afldctivielit feppl @seierovipvs doltageglevely ailithaylerdesddviniion tehwgentthem is
| evel of the input voltage, switch control the plurality of first

swi t ches i hecamspdrsegblatarheutpinf fiepepoevdepedmm hhaep fixedetpbacei rad second
target voltage and the neasured | evel of the input voltage, control
the secondagmédich to connect the one end of the field winding to the
output termnal, and control the third switch to connect the other

end of the fiel dypi Ireggoragf&otﬁehecmﬁéﬁreﬁﬁelcnpqset%éa%e a very limlted range of
addition, said automatic voltage regul ator of the present invention

may furt herW gcﬂggrlhétﬁo@s Wa&d He?lpl'ﬁse&'%f ol Rlroild p%rg'dngn d1e current. |pacg:ess of

predet er m ne rget vol tage fromthe user. ition, prefe

sai d aut omat i I i.n

conpr i ses gl% 1cm tg%?%gigg}% %li;n ain Wmti #els%o%ﬁ?%ﬁq t yoefcﬁe]al tcng:qu!Ilc{ {hgﬁ‘\ % coil of
mai n Wi ndi ng unLt ass, swtch for s tch| a necti on
Condi 11 on ForeTiih RIS IS APl Yhdrany e fdvel af Hagnen pthere
vol t age corresponds to the predeterm ned target vol ta e, t he

aut onat i ¢ VRAWAB®UF Ep§1aa¢ dermresl. ¢ dht ingarcaaducH Ve ¢pH léranfteﬁted 9geess the main
switch to cause the input volta e to bypass the main wi nding unit.

In additi onvm@mg@nmﬂf@g tondings p estemxdal PR tireiems logcyri sich agi gsgpaton of
wound on a toroidal core, the plurality of main wi ndings wind the
field wi ndifinges dinch tthe ipdevtedl daily dfhusmim this nodocegs anlg fiveddnetindimgs heerially
toroidal core so as not to overl ap. The objective of the

present i nygmide®ad tyaspmdacihbipmeddidy sanaieier enbodi ment 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 co ses a bypass path to cause the input voltage to bypass
the main mgﬁaTﬂﬁﬁﬁwpﬂmlaﬁ@ a bypass switkch for switching a connection
condition for the bypass path, and if the |l 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. 1is a schenq§J@Pg Wi ng of the CIrCUIt for
expl aining that in conventional torol transforners a plurality of

vol tage | evel s ) I l.it t abs. e field .

W nd ng. e R IngebBFL Rab il ied 15 ot R g %%Pﬁa?fe edhventional
structure of ,the aut c vol ere uIator capabl e qof reqgulatin

The out put BIUEEE (e MR RErT S RPR e Boprov ?&P toge&er@.ltﬁge
to the first enbodi nent of the present i nvention.

schemat i c SFEaGPgcapRbIche PRPIIRG] costipyus raltage leveds g &m@hyCof/emta@hng
regul ator according to the second enbodi ment of the present

i nventi on. voltREPIeRENN9/ 001772) 7 Fig. 4 and Fig. 5 are
schematic draw ngs for explaining the winding nethod of the toroidal

t ransf or ner usedhe nbboteokntiod aetht praknt heepionsent bd mhdgved dry. providing an
DETAI LED DESCRI PTI ON The enbodi nents of the present invention

are expl ai ag@mafic dekaid rephlhlr f&f @heatag b ifie voRsRapanyd agadinpwt RESinal
Fig. 2 is a schematic drawing of the internal structure of the

lautomatic yQd b@peine o @n%rt&pﬁ@ﬁmdmgé 93 érhﬁﬂ%ﬁtﬁ&hnﬁ%@@drﬁﬁ@to He $rb&nt

pr esent i nvention. Ref erri ng to he automatic vol t age

regul At o7 |feARA IOHTER RO SRR AR AL Ratha PR Thirel o RNk R0 e

plurality o mai i W

Zm E Cﬂe? 4§ 11%?& t)eu%}ﬂal gngi h%eel crcihé(mse)ql%' tngé c[nnﬁ%t O@l%é)ﬁlﬁt& ﬁel{n(u %,) ard hr?r\]/mrgda
i nput unit conIroI u ndi uni

(1) has onaﬁ\e,:c)ﬁ&y S fHeE g aﬁ'ﬁd.%é‘&% dlicg ofifis SV(ILOP?S £ SRR %ﬁlee
vol tage applies and t he ot her end connected to an output_ term nal
(L2). The elwdily of swpmpindipg %etsvie@rv%%qﬁiagﬁ@em{e@eﬁneé{ei%wmwtﬁ% in
mai n wi ndi ngs (1a0- 13% is determ ned according to how the plurality
of first swileatiewe(aflbe Intin arindisgd carmeetodnedalbaby Weafirst switelhes of the main
illustrated, depending on whether the first swtches (Ibo-lbn) are
connect ed wdndingueinct etothewvnei for veladivebscdnhedinpasht )endiof thesfield winding to
determi ned whet her the corresponding main wi ndings (lao-la") are
conpri sed gghdRGeRlQIFEPbtediialdorsiey hidputabdall a oRNSGIdhTEr enbetaRdse 6fher
the mai n Wi ndi ng unit ? Hereinafter, it is referred to as a

"serial nodgi onags eelhh@mwgs;o SWieh ARER bR ﬂ)d@eﬂm%e tl?é)%ﬁﬂe@ﬂlﬂa@ a6

‘end of the main wi ndings (I"ao-1an) so that the main w ndings

(I a0-4a1) Q&ﬁpaﬁmﬁganm&gvﬁte;ﬁas IS8I bPhn SUEELO ohBE! RARE ol fehitkl

nunber of main ereas i1t Is re rre I nsul at'1 ng

g})(rjgui }[Nher %y tsbv?tc ng cow{rcr)lldotn R p(luraf)ty %15? sw1tches§ Lﬂ’lg tsgc%n]::l rs(‘?vrf%cltlh fhdohe tl?ik

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 (1bo-1b") in the serial node or insulating node

i ndi vi dual IFCTHRRRMAIW I DI ngs (14-1 ar) conprised in the serial
circuit which connects both ends of the main winding unit (1) can be
sel ected, and thereby the total nunber of main w ndings conprised in

the serial tl6d fpi Yolags, &‘ﬁtl@pihbrs@édnﬁ@wﬂch to coﬁlfécpﬁétoh@‘éh@()f tHerﬁélcﬁ‘@vmdmg
present enbodi nent, the plurality of nmain w ndings (lao-la")

formed to havg Ltefgr&ﬁzeoﬂotaﬁéi A C%lltlglzg‘ly t%l%%g@qtch to c%r?njel't-r{htebgtﬁ@ cfmd of the

(here, n is a natural ‘nunber). Thus 0 ning t malrn W n

(lao-la") f unb Wi

of the ser ?g}d ‘gil’nr%% t%et[)é @\%Hehﬁﬂ} L gl gte th% et%ﬁtgn ﬁtwﬁaz”ﬁag%ﬁll?w%rn@an
can be reg te % as or [ espo pd to t ur al nber th|n

expr essi op etk el of B fou? S SWHEh GoRiEol 1 DFAlty b B Switchies i response to
wi ndi ngs can(ﬂ$ regul ated to have turns correspondlnglto any natur al
nunber bet WsetiTferepge petween the predeterraingd yarashi yjtagoynd reapeisvied leveliaidhe
main windings (14-1 an) serially connected between both ends of the
mai n wi ndi iHpubrpiage] pontm dhesespad swiieh tagansedfthe hae fid bl thei fiedd mgndiag to
are fixed, but the level of voltage at which to excite the field

wi ndi ng ( 2)he\/cartplastednmeh¢mdg:onnoltthe thiod alvitnlund eonmett thei sthav edli odhe field
conprised in the serial circuit of the main winding unit (1).

The secondwvwsidihgto thdyefeendepogmed. t o sel ectively connect one end (2a)
of the field wnding (2) to either a reference potential (N) or the

lout put terni nal 1 hditioRR8id Adritk »%@cag@&tgu@fbl oFhR ﬁrggehfims/\%ﬁ&nnwudh&
designed to sel ectively connect the ofher end (2b)" of the field

wi nding ( 2):01§19r1§'e' 4 &% 1%61@ TR Bf ﬁﬁm%qglgp{]e'd@enﬁ%d Uy tr\%ltla%g?ﬂ)m the user.

t er m nal eC| second s tch

tched t f | d
ot put s or fa BE{I0G fﬁ%’?ﬁfé’“?ﬁ logfiticoifipks Sefiald 10 fpbeh bR ehlish fyrper
Sotenti al | ERIDHI dpipegRgh flféae'lﬁ@éélie'c%nﬁ% gq‘hag%ﬁo BlesS wleChpiboHBTE it

connect one end (2a) of the fleld winding (2) to_the reference
potential @R 2 P¥Rest RvFteh Joi ewHclnng 3 goqnﬁ%tmnt awlg/tl@wﬁ%lcwédbstp@ss path, and
(PCT/KR2009/001772€$ connect the other end (2b) of the field w nding
(2) to thewhapin ifites leivelaof the tHput voltage cingsponds thdhe prodstermsineh taest wekage,
a node where an inductive voltage forned in the field wnding (2) is
added t o t He aupuatio/odltaegeciiapeisnanfienied tadadintdnothe foydess)svaiet ta cawsd ehe
where the inductive voltage is subtracted fromthe input voltage

(her ei naf t efput voltdperadlpap thmdain)windingtuhig. f ol | owi ng descri pti on,
details are given to explain which node is used under which

condi tion. Herey, dedifibh sace&%ngg 6&he P&s&%ﬁh@énﬁoﬁ hait felewpfgang @wlﬁ% a
(3) and the third switch (4) are interlocked in a certain way and

swi tched f 9{101?19%’0‘%% 5ho El&ﬁ%ﬁ%‘?fha&#%ﬁhﬁ%ﬁd the f' eld \Ahﬂdl'h? Carll S gfﬁtralzty of

experi nent a di ment ai ne where the wn

di t f.th I I

ol ecton St B gl Pl’i’&*‘oez%lm%ﬂamsgﬁ RO E b £ e b C2a)
f the field d h d

the other end'1 3 e gUircBrear 5 RS HGHEHGE G SRTAR Fprgno dien eriop gt

wi nding (2) .and the main wi ndings (1 a0-1 an) are wound to operate in
subt r act i oRf fsduesent inventigsy, ap auignatis voltgee reglgiardor s eHgAISINBY) YaRee
(5) is configured to directly connect the input termnal (L1) to the
out put t er mpudkd {d@) inpnt fersinahtoeoutpis therganverted mpnayolagg Jo ar eptputierminal,
output termnal (L2), and provides a path for bypassing for the input
vol t age wheomaritingra ahirewidsg wioheving ortelendithgretc! coahtaektonhe hgut terminal
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 rns VBEUIRIPMEIUZed and out put .6 The input unit (7) is
configured to receive a target voltage froma user that the user
attenpts to output, and is variously inplenented as a panel where an

i nput  sW t G tifRUGRInARinAThed RofefdK@ViallP bl B S\@Itéh%g %'fYﬁe“lﬂaHlesMﬂnﬁﬁlgfL&‘it
recei vi ng a renote control instructi on, etc. he target vol tage my

be a val ue 84 Qr & Fagﬁ fatbl - Qhidedsenb %’V%Léfr fil?(%g%%gqr(?g%%gﬁggﬂ%rthe Qtpt

val ue newly revise uring op ration.

EQSSS?QLQE’#EY%HI Hpe) BRI Rl Pt Bt PR aVRERAG AR Bhon{ SRy B

cont rol ?I%attl gn ofhthe first-third svmtches (1b0 1b, 3, 4) and
bypass sw t&h 8™ adj ust the input voltage to the target voltage.
Focusi ng on the (i)peratl on of the control unit (8), the overall
operation of thdlgFUEHRAICVOBES Eea A UUItReoTOMINISES f feyel mepsHrangnt upit for
wi || be explained according to the target voltage and the input

vol tage.  measurfgy thsetevel olindempranditang, ingxipest tordlhe atpud deaniasl, shdwf the
in below <Table 1> will be referred to. <Table 1> shows experi nental
dat a show pgdeewnired tdrgeatoltape isdowtr thhe thedevel wif dei inpgutuilthgd, e amerol unit
determ ned as the input voltage is inputted between 187V and 220V

under the egwfich toramlwhepburhlg I ErRSwWIthdshe réspehst twiandinge §iZkreatE&between
fixed at 500T and the target voltage is set to 220V. Tar get

voltage  ud t@@@{ vIRlgk 38€ the meadQicHaBR BF fhk erRAGEIANMDer 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~1la,) and a plurality of
first switches (Ibg~1b,), a field winding (2), a second switch (3), a third switch (4), a
bypass switch (5), a level measurement unit (6), an input unit (7) and a control 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~1b,) are
switch connected. That is, as illustrated, depending on whether the first switches
(1bg~1by,) are connected to one end of the main windings (lag~1an), it is determined
whether the corresponding main windings (lag~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 (1by~1by,) are connected to one
end of the main windings (lag~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 (lap~la,) are insulated

from the serial circuit.
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By switching control of the plurality of first switches (1bg~Ib,) 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 unit (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 20=1, 21=2, 2=4, 2} =8 ..., 2"T(turns) (here,nis 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 (1.2), 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 (I1.2), the third switch (4) is inevitably switched
to connect the other end (2b) of the field winding (2) to the reference potential (N). In
contrast, 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
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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 (hereinafter,
“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 (1ag~1a,) are uniformly
fixed to a toroidal 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 (L.2), 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 voltage 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> will
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 T1.4%

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 21 +4.1%

210 10 24 +4.5%
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209 11 26 +5.0%
198 22 37 +10.0%
187 33 88 +15.0%
<Table 1>

1) 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 to the output terminal (L2). (Refer to the first
line of Table 1)

i1) If the target voltage (220V) is higher than the input voltage — addition mode:

The mput 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 (I.1) (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 corresponding to the voltage
difference, and controls the first switches (1bg~1by) so that the main windings (lag~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 (I1be~1b,) to the



198 22 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
nmode: (PAR&ERHWAOMBY2)age is controllled to be output without
change. To this end, the control unit (8) turns on the bypass swtch
unit (5) to cause the input voltage to bypass the main w nding unit

(1) and be ;Qufi PddeloR idReitRY e sbeRTiRAorkbigation(dRehAhR “tiﬁ’diﬁé@ccjrfegﬁénds to
line of Table 1)

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 turns of the
overall main winding unit (1), i.e., the sum of the turns of the main windings (1ag~1a,)
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.

1i1) 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 (8) 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 serial 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
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For example, it can be understood that for the turns of the main windings

(1ag~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 (lag~1a,) so as to
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necessary peEspropentiyn sal povideheted vobae tofautamaigallpbosdti@gimpun voltage.
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internal” structure as"in Fig. 2. Thus, focusing on the differences in the structural

characteristics between Fig. 3, and Fig. 2 and the first embodiment, a second

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



The present invention can selectively boost or reduce the output
vol tage by switching the second switch (3) and the third switch (4),
and greatlﬁppﬁﬁi%w%{@%@% ent of boostildg and reduci ng by switching
the first switches (lbo-1b"). Fig. 3 is a schematic draw ng of
the circuit of the automatic voltage regul ator according to the

second enbadip@NtegffatdrT ME €S Nhseld HHBNtdraBducikY &R i-h?utas}dl‘@agé of BBowRADE! a
internal structure as in Fig. 2. Thus, focusing on the differences in

the struct lb&a£sscﬁtarcaﬁqﬁcﬁrbb%&éacﬁl-gségeﬁg@%ﬁpmv%ma d Fig. 2 and the

first enmbodiment, a second embodr men be eXpl ai ned. Ref erring
to Fig. 3, one : fl indi.ng is fixedly connected.to.the
out put term nal %gingfwﬁgg%tc’hg&sg%%wﬁ ?EQ% iO;<n e&% Ijifla%baﬁ?;ogc&g%&t‘% 1{15%3%1@ usage,
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enbodi ment SPTha® SGRBIEET c ISP #ET RRIGUGE OO0 P72 PSSV RS g8 gelpettie Pogter
Fig. 3 is use onlg for reducing the input voltage or allowing it a
bypass, butSUBRHELHMNE &ised for boosting the input voltage.

Said [imtation on usage results from consideration of actual

i ndustrial usageilthoyeh opgonsorstlirenaste cdopamation fsrlimied eampayodkto, those of the
infrastructure where electric power supply is stable, etc.

Al t hough optritensodmimertcthaedienatic opkagticgulatar ef hie nedond eodmdanad it the same
those of the first enbodi ment, the automatic voltage regul ator of the
second enbadilment thesfitshembaditmens it biadt i0k chpudld bf Speratddoi theaforethhtioned
that it is capable of operation in the aforenentioned subtraction

{mode and prggtREos Atide@hd fsRctcOntolldwnto 1 [V]. Fig. 4 and Fig. 5 are
schemati c diagrans for explaining the windings of a toroidal

transforner accgsdi A.h LI ' S.Qf
present inventi %}i\g FobiOFi é]SeJrHjFi %ﬁglelﬁgch?gd%%}qs ?ﬂg%lgﬁﬁ‘%ﬁ’%dﬁ“@%)“ 4
is wound sQ._ . L.SEEd . I . oi,dal, core first.

Next a1 P} Qoo BHuRE 48 o R ot SRR Griihinfige st present
ao-lan) are wound on the field winding (2), i.e., coils are wound to
cover the f“?vgflﬁo%i nding (2) so as not to overlap. Each of the main

wi ndings (lao-lan) is configured to have a starting point and
termnating poi RESFNg HuFig: %Cﬁlﬁ&eldaw@dfqgé%}suy%nﬂtsg agfo hrafistribiuiag aklgpyver
(lao-la,,) are counted_and distinguished by the unit consisting of

t he starti sgtopuflalt cegndiitser milerds phgllpsiatad. in Fig. 5,As ndwpliai akdnaaib oviggdings
conventional toroidal transfornmers were configured to renove a tab so
as to be cépabla) efe whtuad nnnbe ek ementg (2evied. scaifs arndumtnidvie cowbit the ejeld
with the field winding (2) wound on the main w ndings (1la0-1al), and

t hereby, t héndleg(Besoak ooassieigp.anBadhadulid RGOk indtgs 10R~1 4, {d coadgarrd to
extrenely limted. In contrast, in the toroidal transforner

accordi ng hayd Retdifs bt iaf¥ @8 iRingt RBnIEE the WindindIand 1a0pilirdfl) ofhiin
‘di stributed and wound on the field wnding (2) so as not to overl ap,

and t hus i %iﬁcﬁﬂg?@taﬁllrﬁn)vﬁreic%lﬁteh QUE ld?‘stiﬁ&uigllrgdpﬁy th\éq{ntitatgﬁsis% 6P the starting
provi des a w de
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~1a,), 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 (1ap~1a,) 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



o

(PCT/ KR2009/ 001772) 16 choi ce of sel ections conpared to conventi onal
toroi dal transforners. As descri bed above, the present

i nvention KBSTHHRI0900IdF2age control tdbenabl e the output of the
voltage | evel desired by the user, and precisely carries out a
variety of applications of power saving and vol tage booster. In

parti cul ar chbibeopsedatiohs tompartd R cd@BntRAS i YadstbhfekNPut vol t age
to provide a desired target voltage within an error range of 1 volt

or |ess. A S@sciiihgl aﬁfo%@ Sk g@gﬁmﬂ/é}ﬂioﬁq{ﬁ Y n\?ol%ggEJ)lﬁrJl &b @able

switching circuit and excludes sém conduct or SWit e
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ordinary knowledge in the art to which the present invention pertains can understand
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



| NDUSTRI AL APPLI CABI LI TY The present invention can be usefully
applied to all electronic equipnment requiring a stable voltage.

( PCT/ KR200$POOAAZOPOONAAD |'S CLAI MED | &7 1. An automatic

vol tage regul ator for converting an input voltage applied to an input
term nal and outputting the converted i nput voltage to an out put
termnal, eg@RilesisNg: a main winding unit having one end

t hereof connected to the input termnal and the other end thereof
connected to the output termnal, and having a plurality of nmain

wi ndings and a plurality of first switches for switching so that the

plurality of main w ndings a KV h connect ed,;

a field winding excited in aFQngg?ﬁ%%éggrLiﬁéhﬁgkﬁijndings
connected seria by the first switches.of the. main w nding.unit:;

a second swi tcth:‘%rP%%ﬁnéclPV?)’éP? 8%3?8(;‘&5?‘3 iyoﬁ%peigﬁgtoo@m EIEth'(?%é? ¢fquipment
winding to either a reference potential or the output term nal;

a third swiiHFR SRYRNELEISg the other end of the field winding to
either the reference potential or the input termnal; and a
control unit which regulates the | evel of an output voltage output to
the output termnal by switching control of the plurality of first

swi tches, the second swtch, and the third sw tch. 2. The
automatic voltage regulator of claiml1, further conprising a |evel
measurenent unit for nmeasuring the | evel 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 |evel of the
i nput vol tage neasured by the | evel neasurenent unit, switch control
t he plural iPETEER2GGHA01SVRY ches in respdBse to a voltage difference
bet ween the predeterm ned target voltage and the neasured | evel of
t he i nput voltage, control the second switch to connect the one end
of the field winding to the refgyaAaqesheL. a4 1s.and control the
third swtch to connect the (PCT/KR2009/001772)19 other end of the
field wwnding tq t ' - ' . Lt A
target vol tage 16 Tonsoetic KOMEEPruaPr R copuerting ap Wi PR SRS an
control th j ' . swtches in response to the difference
between  ha i spleh il SUbTYal 6 Mt iie 4 TR e RBa dr e bl “BRRRRL
t he i nput voltage, control the second switch to connect the one end
of the fi e|°8mm1%‘8‘ﬁng to the output termnal, and control the third
switch to connect the other end of the field winding to the reference
potenti al . a main wigding gaing qis1and Jeere@lgionaeced o the limmyhtermdpal and
claim?2, further conprising a user input unit for inputting the
predet er ni Medothar gjet theetof ggeneciaghiot the oupst terminal, amieving ophrildy of main
voltage regulator of claim1l or claim2, further conprising: a bypass
pat h for causdings tuk ai plpraiity of fiageswiwhts frassvitchmgnsi thavtledplngaliniof main
and a bypass switch for switching a connection condition for the
bypass pat hyindings are selectivebhediillp cbfindchd; | evel of the input voltage
corresponds to the predeterm ned target voltage, the automatic
Lvol tage regul at Qrfil SwiRithd iR it & 1644 BnoHr thd BraRY RAREn S Wohdd tddse HRNF By
the input voltage to bypass the nmain wi nding unit. 5. The
automatic ygl ﬁlgg&ig&gyb%grmdﬁ{) uﬁ&ﬁh@hﬂit-or claim2, wherein the field
wi nding is wound on a toroidal core; the plurality of main w ndings
wind the field w_ndi . t lurality of main,wndi ar un
on the toroidal \Qﬁczsg(gdelﬁgggv%gc%% e"i’%c?)w SPPRFRECORE £ %YJ\% Blé’lfgeqéviwﬁ%cﬁ%\l\% enher
6. An automatic voltage regul ator for. (i_onverti ng an input voltage
i nput t ed télﬁﬁqlqnﬁ‘bﬂ?te réﬁlrﬁ‘ﬂ“flo‘{t%uté‘ﬂfrﬁ the converted input voltage
to an output termnal, .conprising:. a main w ndi ng unit having
one end t her eof actBH’ﬁe?é‘fl@H%() CORECH iR e penichd of b Dieldewiiding teopigher the
t hereof connected to the output termnal, and having a plurality of
mai n wi ndi mgfsreapripeeialpattietippwiterhiingt ansi t ches for switching so that
the plurality of main w ndings are selectively serially connected;

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



(PCT/ KR2009/ 001772) 20 a field winding excited in at |east one
of the main wi ndings connected serially by the first switches of the
mai n wi ndi GCIARRZ0G8401772)  a control Ufit which regul ates the |evel
of an output voltage output to the output term nal by sw tching
control of the plurality of first switches, the second switch, and

the third shdreld of the field windlR€icAYE QRS {efmMal kage regul ator of claim
6, fiirther conprising a | evel neasurenent unit for neasuring the

| evel of the in V, i . ' ]
wherein the con'ﬁ ?E)l © %?e;%&?%lh%gﬁ%eggrp Eetgget %ﬁobv&p{htantﬂ% [Eé’ggjr’%%%{] gl?%ivr?le%ge’
target volt [ i I an. t | evel .of .the input voltage, swtch
control 't e el S ARy ACnusf ¥R it PlopBRth S e ne
bet ween t he determ ned target vgltage and the asured | evel of

the i nput &6%04@%@@%“@ tagget fﬂ@a%u%%@?ileg%?mgflga‘égrﬁgg? ARY V8$ta%ﬂ’§P%f‘é the
or claim?7, further conprising: a bypass path for causing the input
vol tage to Sﬁﬁp&és%”l’éqliéorﬁé’%e%tg%P%e pt thegfidd avipdipade thepuipht fegpinal, and
swi tching a connection condition for the bypass path, and

wherein if cppeoll &g shirgswithle t¢ aprecy bictailey andrafebp distis wirslingheo the reference
predeterm ned target voltage, the automatic voltage regulator is

confi gur ed potentialk n on the bypass switch to cause the input voltage to
bypass the main wi nding unit. 9. The automatic voltage

regul ator of cl @i Mh6 atomdiRi volidge Wrnebmof d1ginf il edrdtishing] Rgthes comprithg a
on a toroidal core, the plurality of main windings wwind the field

(Wi ndi ng, andetilgutRnitrial inbkitR thehRdMkRthaOs gt 0o MR thel igr.t or oi dal
core so as not o overl ap.

4. The automatic voltage regulator of claim 1 or 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 6 or 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.



