(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 I(FCLKBAOMNRVTEZ] ¢ vol t age reglul ator capabl e of preci sel y
controlling an output voltage |evel by using a toroidal
aut ot ransf orner. BACKGROUND An automati c vol tage regul at or
using a toroidal autotranafiorOMALRN VA TARE FEQUEATHSRNY vari ous
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 t age regul ator using a toroid is designed to
wind coils accordl ng to the desi ?IledéﬁhﬁI:age gﬁ‘lggve several out put

t aps. For as illu tedln t ot r ansf qr ner
can be desi gned 15 HBVE' lavgrtwpaﬁﬁeﬁ ot pltfwayiotbize Hedifon pr Rl W n
wi ndi ng (200; excited in main wi.nding (100) so _as to output various
vol tage | estomaticevoltgge SRR ARlE O Péﬁ?erﬂlyr Wwilglgsaél AHEBTIGrRd@ee frxel by
in case where 220V is applied to the main winding (100), 20V is

appl i ed t o UsEEH terpdda! eptofresiommas. wi 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, conventi oBAICKGROUNDC vol tage regul ators
supply discrete out put voI tages with a large deviation between the

vol tages. For exanplueomdtlt tBRa@Xa 1&0161&1311@@ k8 aR RV ranSReReOfcah e
out put voltages with a deviation o ., each of 200V, 205V and

l.€e
210V, is S%h?&ﬂeﬁ?édﬁsﬁ#ﬁé&lbﬁgregﬁ%&rﬁhﬂ gé’ HQ\%’\%?I&Q Bﬁ%u@%l@iﬁ@to'fguch a

vol tage regul ators ca provide precis€ voltage con

(PCT/ KR200 c e
regul at or s%%r%tél?gg glwaIyS deté&éﬂ%ﬂ’ g’%,tﬁegwe{g@éé yoqﬁnc%%%ﬁmé%? Iégéntd%g'e?oéls
VW will ex rmre detal with a over sa

devi ce us| ﬂj&uamn QEEICSH%?WB“‘\/V@PP&E;EOIF‘&@%|a8taB n&ﬂ&%h?s?gres@aﬁbwegé pidd
In the case of hi gh- st art nent adlstrlbutlonbar i

i nstalled PHO4aBYewRRS. doaed 1o | Qllg {SpIEE {0o therdesiteq stoltpgs, gf have
but the supply voltage decrease as the floor gets higher, and as a
result, abé@n‘tef@lwtplﬁéamuppl ied to the 15th floor. In general, an

el ectronl c appliance can operate in a stable manner when a vol tage of
205V is suppl i edor Thamsple, as ilusmtatharieg.caeh ahotrsesioses can poves grsaivip hgve
devi ce whi ch decreases the voltage by about 10V, it is not ensured

t hat a houselsubip! ofedpsdal b, @ orod fialglewidntling (380 )asxcltedviar a wiald wirklisd ¢108) so
| east the m ninmum voltage required for providing stable operation,

205V, due 19 td BepUs farius ABIthFLPRPEIOPT If Fheé tROIMERI auSctinBBrifle)NisG8. designed that
Meanwhi l e, in the case of the highest floor, it is necessary to

‘ t I I
| ner ease | gfgaég WHRIEL R B apdied PAe ekl @md%g/@bbﬁgevqeapﬁed% BB e%qs of

In the case of a

aparment . ADGLS b ARBPRUEALLED; 1 ﬁepfwfflyaﬁﬁgeqafggsﬁ?ﬁc@ggssﬁg&\sgg&%y

to a consuner meen rs a oor s

hi gh- st rt I fied t h

neods t Sr%ﬁpﬁwﬁfﬁﬁé@%ﬁg%aa%a%%%glc%aﬁhﬁ‘ﬁggb§°%§m“€eh%ﬁ Pt gV dne
to be increased so that a stable voltage can be su Iled However
convent i on&fcoadidmen advd OV fem Fléf‘gtﬁ}lréttféﬂ@) ¢ &0 H‘étPu@;S

supplying voltage |levels with such a | arge deviation bet ween t hem
whil e control | i g tskeh, visimverfesabastinasicy yoltasd keplerals rypplyudisersieh auput
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 ovi des an automatic voltage regul ator capabl e
of preC|seH?CHHKRﬂ@¥VW%§7ﬁhe vol tage | ev&l 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 esasseh, @nventiBHaNaktbRReE COIHRE reg%’l‘éibﬂsaﬁﬂo‘?ﬂm low precision, are
( PCT/ KR2009/ 001772) 3 transformer, detection transforner, ghl ghly

sensi tive &lheelchirfonkéhl st &@&GCW@Qllpéfﬁé{hqms m (HoxS BEGH v} w‘\{h% é@gﬂ@m

circuit, triac swtch Ing circuit,

t t h t hat
conyent | on oy WAATRL 6,0l 05 4 ui%%%&a‘ﬁfﬂ% %Vféﬁlea?cr‘f%éwd@é& j ',P?%Zsm )

i | abor gt t Th | t afford
such requl ators."af PhuST ChEBHAIRGRAT - dGrRERs B et IRilE: o o

narketabllltg %dltlon because such conpl ex devi ces
cannot operaFENHGr nﬁPPSI} %3f5 tiR sunRlisd (e Heyfiratidpardhg Itheo‘fuPBIYs‘ngftaé‘Mlecrease as

vol t age changes, conventional automatic vol tage regul ators havhe to be
manuf act ur dBF 90t BAsi lshast feh apfa wedstationt 205 ¥rigisepplindnto. the 15" flper. In
contrast, the automatic voltage regulator of the present invention

has a si rrplgen@‘alr, au elecoomkiappliahse samoperats an a spblkemasenivdenductliage of 205V
circuit, and thus can control voltage precisely regardl ess of

el ectricitys enppliednmthiis, in case WhaBwhichehoush aiseLas pawarhyaviin\devicé ortath
automatic voltage regul ators sel ectively output discrete output

vol tage | eviet@adsh tthe aoltadedBy d@¥HEA1 0Vt RO YL GRSk EE Mdt S RARRUSBpESE with a
regul at ors out put an out put voltage from a tap fixedly placed on a

second aVYV%Rhée of 215V Ep%%&aw (ﬁ’tf?a{mtzﬁeleﬁﬁcm@' S@imudd b REde OPeq?.lﬁed for
because a very limted range of w nding nethods have been use

Lorol dal o BRiahD i GHEESRLIRNAGESS AL LB A okl P sg BB B

main winding is oroid core,

certalnth kne und to formfield

wher e | npuMETE: B4S Cetng REat ol i ey of ffucast e b 1R
inserted between th in wnding and field w ndings of a toroidal
core, probls%\é@téé@&&ﬁ Ee%@wpld?qléﬁ@ﬂmﬁt&ﬂ%aqqﬁém the inserted
coil. Thus, in this process, only field wi ndings serially connected
by taps and a ndihat i iithegease ef adugh-story apartpsat.fhersdata leraeedeviasioniis the
to inprove such a wi nding nethod for conventional toroidal cores and

t her eby t o spuitmp wbltagr provisledl évakbensomet hetwetn loav flods agégigh 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 invention is to
provi de an(ﬁ@ﬂﬂﬁﬁﬂ@%”@%ﬁﬂage regul at or chpabl e of outputting
continuous voltage |levels and thereby of controlling voltage
precisely. The above objective of the present invention can be

achi eved Dbytrddkfvingl, N2 tdoR U8B hEr, W%Hl?%%nsﬁ@@# Eﬁ&&fvef@aﬁu&aé\t\é@ﬁ&d Bigeuit,
an input voltage applied to an inplt termnal and outputting th

converted 'Iﬂ%’x’gpe\é@ lA/BQ;?anEﬁn?lrbn%Hft p[HElC E@ft&ﬂdﬁ?&r&%ﬁ g{cdéljage lﬁrehheAs sa result,

pr esent i nvention nprising: a havi ng one

t hereof co ter her e

connect ed '?: ggfingggéltauwﬁ%t rﬁqﬁg? I Orﬁ ell\?wh aucg% P]é{?efst@gt tbemeﬂlsed na
wi ndi ngs and a pIuraI ty of first swtches for swtching so that the
ol U &l Ly OPeHlR et 48 capestor i GBS G eapatee s T,
field w nding ex0|ted in at |east one of the main w ndings connected
serial |y byechsiel pser sannghjafterbsuchmeggorsappd hivs dashepnysntionah regaiaerg do not
switch for selectively connecting one end of the field winding to

ei ther a rédpee sadetabdlitsntial or the output terminal; a third swtch
for connecting the other end of the field w nding to either the

ref erence pot entlhadddationt, heecausputuchecomplet ;deainds @amant sprate mdrmahly dh the
regul ates the |l evel of an output voltage output to the out put

term nal byreguedcghinnd l@@btofoh sekteinh@olger eainpas, Qfontédtivhals Whtb&lags , vdlltage
second switch, and the third sw tch. In addition, said

automati c vehflage Haegt B @amGhcthid iR ESSRRatloR\F Rl BRIt léhm@ﬁmem
conprises a level neasurenent unit for measuring the level of the

i nput vol tage inpubied: tRe M}@mhp@%l aIg@r !)1’ oftid Y%@ﬂt%%nhgﬁ hﬁfﬁ'glhﬂ}le

unit is configured to be able to: | eternl target vo

i s higher h % of .t he Ieve
measur enen%s{}ﬁér}}l{ , 9]%1\%% tc g esc%%tt {r?%l L{Lﬁ)g‘; eﬁls(é}?ltéﬁ%%? y&%?%?&}l tgj%ivm&iué h&l ?Oﬁltml
response to g voltage difference bet n the predeterm ned target

vol tage. andoftras RecISly Seeardlts of glectren YR8, 001772) 5 ¢ he | nput

vol tage, control the second switch to connect the one end of the
field winding t&eamehiles etgnseaspbt By gpnvendanal omufasmaticn groftagg gregulators
switch to connect the other end of the field winding to the input
term nal, a&plgctivelx peppr dgeseieravtpié oltageglevely oiithaglargesddviniion behvegentthem is
| evel of the input voltage, switch control the plurality of first

swi t ches i hecaspdrsegulatarheutpuf fre pepoevdepedsmm bhay fixedle tpdreri wad second
target voltage and the neasured | evel of the input voltage, control
the secondaspwidich 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 th\é‘ ﬁgédi'lgf&rotﬁfehf%cﬁlﬁ&ﬁrﬁﬂﬁ@tl&f)'ﬁse'%éaﬁlse a very litfted range of
addition, said automatic voltage regul ator of the preseng i nvention

may furt her g&ﬂgrﬁléﬁoé’s Yaed b'e?tpl'btse&'%lt fR)E’OlH%’pH(SEEI NGy 4HE curre P opss of

predet erm ne rget voltage omt he user d|t|on pre

sai d aut Ong%(tcﬁmm la;[t%%??i#lﬁg}él gtl armel dtu%els%o%%?%% &t %?cﬂitl 81% g.nlﬁrtthQE % ﬁoil of

conpri ses or caus n 9 bypass

mai n wi ndi ng unit a .by as ch f.or s i t chi a nect.i on
Condi 11 on Porerite i iBAPATI. R dpdraf pvifing, E%Mfe Yifdings ghere
vol t age corresponds to the predeterm ned target val tage, .t he

aut onat i ¢ VEIMAEEUE &ps|aae dprmed. cdng ingoncerducE Ve ¢pY ipinseried Beiyvess the main
switch to cause the input voltage to bypass the main wi nding unit.

In additi onvm@ug@nmﬁfg? vondihgs pf egersidal worsn braisms kecuri seblel apizaderalgen of
wound on a toroidal core, the plurality of main wi ndings wind the
field w ndifinges dioch tthe ipdertedl dofly dhusminnthis mdocegs @y fwaddineindimgs hserially
toroidal core so as not to overl ap. The objective of the

present i ne¢emiccRd byamplmdachbiawaddiny asngeier embodi 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 conprises a bypass path to cause the input voltage to bypass
t he mai n W{RGTAGRZOINGO187AZ) a bypass sw t&ch 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. 1 is a sche ng of the circuit for
expl aining that in conventional F?Wéﬁgnsf ormers, a plur aI ity of
vol tage | evel s e out put froma plural.ity of tabs. of ef|

wi ndi ng. Fing PraschL nyeifin el SOnGRiGH oy SelFE e Prﬁ{vgpﬁafr Sonventional
structure of the aut omati.c vol tage regul ator. capabl e of regul ating
the out put '&rFonelage (11e pRictrerddle PSP dPEREPME ©PTPVIHE ap FptoaRtisraltAgs
to the first enbodi nent of the present invention. Fig. 3is a
schemati c deeatoigcasfablenel puipettingl continvmisuvadtags leveds and dremetiycof obritendling
regul at or according to the second enbodi nent of the present

i nventi on. voliETPr&RR009/ 001772) 7 Fig. 4 and Fig. 5 are
schematic draw ngs for explaining the winding nethod of the toroidal
transforner usedhembbheobjrbdel aethe present MeeMcdSEMAt bd MheEell BY. providing an
DETAI LED DESCRI PTI ON The enbodi nents of the present invention

are expl ai Bg@niafic d8ltadd rephilhldr 1 (%‘il%lﬁﬁg &R iR vBRERMANYA ﬁgargfn%‘d! RERinal
Fig. 2 is a schematic drawing of the internal structure of

automatic dn &bl
resent | numnt e Sy BERRLCH sl D i RTIOHT 9 fle gt
regul at or i i1o0 a6, ndi.n

plurality Ofveﬁﬁ)gﬁ c%ﬁﬁa%gmés 1?1 %ﬁn)%m %%{ ﬂa‘flleﬁ afle Il rﬂaérfug cpn%cte? gch?he
(I'bo-1b"),.a field nd swi th|r i.t ch
(1) o bypidat inina] apE e %{5? %ﬁh £ mard ‘fouﬁl?rgto)u ] e e
(7) and a control unit (8), he main w nding unit (1) has ane
end connecPBU2lity ofrimiippindings #nd Plcltail)ty ©b figsi SRR forpuitching sgydat the
applies and the other end connected to an output term nal (L2). The
circuit conhedity of npén Werdhingsoarn seln@tgietmwétéwwcadbﬁ@etdwmdmgrﬁxclted in
wi ndings (lao-4a)) is determ ned according to how the plurality of
first switehksast(dieof4hy neaie vewlinghcowrcied sedallyThathei Sist agitches of the main
illustrated, depending on whether the first swtches (|l bo-4b) are
connect ed tindingurinth kohdewita for wtlodivabsconhédimlsahe end iof tHesfield winding to
determi ned whether the corresponding main w ndings (1a0-14) are

conpri sed aghQRGeR&RE Bteﬁﬁal%r%l?é’ hi ut%ﬁrﬁh'dltaﬁ%r!ﬁ\ﬁfchﬁgr QRhE1BRdEe Sher
the mai n Wi ndi ng unit Her ei naf isreferred to as a

"serial modgj MRS ﬁ%l:ﬂnk@lsnfd%l{fs% %& a{}eﬁe &é&%kﬁu@ r)tlaPBFﬂfeofﬁﬁﬁFfefxﬁnfaP a‘aaed

end of the main wn sotatt mali n w ndi ao-la

AT o B A B A 4B s

mai n wi ndi §

\(/:vil"lf,‘(r:ﬁi : -he gmsmt\,\lfngglcg trol fa‘ the p?lgra of ill}gtuslv%%c%gs,ftflg gf]:ctopl S\SN?trClll aelnd the third

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/ 1CR2009/ 001772) 8 By switching control of the plurality of

first swtches (1 bo-Ibn) in the serial node or insulating node

i ndi vi dual I(PCTYRR20t8VE0 7RI ngs (1 ao-1 &n) 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 mamin w ndings conprised in

t he serial gl j r : t el Y
thd fn@éﬂn %?lfagﬁ,e&gﬁnﬁ?g{eis}(@{:/én(;ﬁ?swﬂch fo comn icﬁtgl% ij% gg@log i en%érhg Svinding

present enbodi nmin w

(ere n'i &4 lebtrBee ot wRiehuror B WisfSrirng Eoehams Hamg e
1 ao-1 f of. ial ci it, . t ot al f [

W ndi ngs- ol & Eielt bl Beprshualion ke YRR tiAupige

unit (1) can ge regul ated so as to corresgond to a _natural nunber
within exprasérdd hamguat vetee.sydiep centrelitheplugalify of {ise syitiehse in sEPIRE fo
w ndi ngs can be regul ated to have turns corresponding to any natural
nunmber bet Wesedifferenga petween the predeteraingd varaeti vodtage pnd sheamedsuend leviel tof ghe
main wi ndings (1 ao-1 an) serially connected between both ends of the
mai n Wi ndi mgpuaittagel pontidldhefapord stiteh taucomedfthe bee thdbfl thel fivdd mgndigg to
are fixed, but the level of voltage at which to excite the field

wi ndi ng ( 2xhevautpaistetapandinigoatiol the thied alvitchiibesnebt R dthev &l OGe field
conprised in the serial circuit of the main winding unit (1).

The second vaWlihg fo dkefefendepb@m@d. 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 f L2itioRARGid fdd [ Qﬁ) lLd su A) i
designed to sel ect&(li%/lel?j %cbndr%e%ﬁéttﬁ:h@@%g‘ﬁ%%hg% 0% ﬁr%%eﬁfﬁlzr%tliog{kgﬁy hurksl
wi nding (2 ] . ference. nti.al  ( I the i nput
Cerm nat | bopBrist & UG hlE Lf BF FRGRBANE RlcoBortitha ettt b the wser
swtched to c ect one.,end .(2a) of.the field wnding (2) . to the
out put t e S FTEE SRR Sr Adtosiiticoi oee e lalth &8 HRSRbPhs by toger
connect the other end (2b) (%f the field winding (2) to_.the reference,
potential CNPPFG aclymprsaRith forcaupiag ducignpt Wliege I payass hedniip oriading gnit;
connect one end (2a) of the field winding (2) to the reference
potential @nN 2 bsss kwitah S swhcling & eonngetan: egsdjtigwfarcthe doytpess path, and
(PCT/ KR2009/ 001772) 9 connect the other end (2b) of the field w nding
(2) to thewhopin ifttee liveladf the fpnt voltage corfémpsndsso ftloy predeterarisediardee v ok,
a node where an inductive voltage forned in the field wnding (2) is
added to t e angulitiyvobliageegisneisnahligtred tadgh tonothe O HSs )swatoh t@ cimse ehe
where the inductive voltage is subtracted fromthe input voltage
(herei naf t @{put ?/@1'&&&%&@5&15&%@tﬂmﬁﬁ}l)\win&iﬂéhhﬁ. fol l ow ng description,
details are given to explain which node is used under which
condition. Here; -l . gl j 3 j
(3) and the ¢ i PyERtbepbind 63 b EhAnoh NBL FlPAAREANG TR o
swi tched for version n.these. . l.n:the present ..
exper 1 ment SroERLEE b BPEHEEE Ml PR IR theierd bR S Bl of
direction of ,the field winding_,(2) and nmain w ndings. (lao-4a) are
Nt or 'y PISRHTKAE Aonsrh Pt broR o 5P 25 GOt BOVEIAR | one. end ( 2a)
of the field winding (2) is connected to the output termnal (L2) and
the other end i dheoRifsEY@al the Rrpwent BVEREHcenRe ashisvag by apothep gmppdimgnt
wi nding (2) and the main windings (1 ao--1 anP are wound to operate
i n subt r acof the nregat invention, Refagtoniatig wodagy geulateaded eonveniagppapy voltage
switch (5) is configured to directly connect the input termnal (L1)
to the out mputtte tavammpuy teRAhinal toi mpiit dltcecanertdédippot stodtage toedn ¢yt téomomal,
the output termnal (L2), and provides a path for bypassing for the
i nput vol t agepmkies amumerindideamit itving @idtepd thdréud donpdttedvioltha@®ut terminal
wi t hout 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 rnms VACTEKRPGOMEHESGREed and out put.g The input unit (7) is
configured to receive a target voltage froma user that the user
attenpts to output, and is variously inplenmented as a panel where an

i nput sw tch. - do K s for receivi ng. devi.ce .
for recei vioggthe;&%e rr‘%fn (;‘ﬂ{c;bg lr#fgplg?c\f\é:ansse?l %{1&% ?’ 7 gﬁe, ngg? Ewﬁlcllﬁé 0? g?egl@%mv‘gllnflg‘&élmt’
may be a valye stored as default or previously inputted by the user

or a val ue aﬁg\ﬂl ?P"?ré’giugjédﬂagl? Fff'%ﬁaé?fe tl?‘f?lrlu .°¥ aPlﬁﬁﬁﬂ'ﬁﬁ? By Ebftﬁ?)tﬁfjé output
The control unit (8) ¢ r_rpares{oih i nput vol tage neasured at the | evel
measur ement'HHRA 1t(3’6%""’ § frut Pg &e Dlyraling el s gwiehese thpssesond Bhiidhg and
control operation of the first-third switches (lbo-Ib", 3, 4) and
bypass swi ththirdyswitghadj ust the input voltage to the target voltage.
Focusing on the operation of the control unit (8), the overall

- operation of thdhaumtmeaticcvolialze aepalategiuttheosoniprisas & datek chehsuréinent Wit for
wi |l be explained according to the target voltage and the input

vol tage. measurfigy tlizetidvel ofindeimptianditayg, inpypet itdrelid adpud at@niasl, SROVIN the
in below <Table 1> will be referred to. <Table 1> shows experi nental

data show pgedeitmidia thret@doltads RSloGbr thAR tHEAETE] W Bl iRButUIlthed, Me &nfrol unit
determ ned as the input voltage is inputted between 187V and 220V

under the cond LoRRIMIRRuLRE df :ffrﬁ%“@échéshﬁtrégpgh% é[}g‘s%itg&réair?%reegfz@between

fixed at 500T and the target "voltage Is se

vol t age théblgf?glé{ VM?an%%gg the me%ﬂ!‘eﬁ%’@el gf {h‘é?ﬁﬁ@%&u%‘émer of main

wi ndi ngs to

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 (lap~la,) and a plurality of
first switches (1by~1by), 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~1ay)) 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
(1bp~1b,) are connected to one end of the main windings (lag~lay), it is determined
whether the corresponding main windings (lag~1a,) are comprised as one element of a
serial circuit conneciing 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~1a,) so that the main windings (lap~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~1a,) are insulated

from the serial circuit.
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By switching control of the plurality of first switches (1bg~1b,) in the serial
mode or insulating mode individually, the main windings (1ap~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
(lag~lay) are formed to have turns of 2°=1, 2'=2, 2%=4, 2°=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 e;nds 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 Qinding 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 (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
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 (L1).

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 foliowing 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~1la,) 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 (lap~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 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 confrol
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 (1bgp~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 | 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 t4.5%
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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)

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

The input voitage 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 corresponding to the voltage
difference, and controls the first switches (1bg~1by,) so that the main windings (1ag~1a,)
to be combined according to the calculation form a serial circuit. That is, the control

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

mode: (PTIEKRIEWYOMLAge is controlibed 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 w nding unit

(1) and be ?H&l %%de & utlgi'l?atﬂllétrgélc{e soetﬁeql the on(lllj'h%gtlon o@emam Wlnd&lgsecgnl’esponds to

|ine of Tab

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, shouid 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 2T, 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.

iti) 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~1by) so that the main windings (1ag~1ay,)
to be combined according to the calculation form a serial circuit. That is, the control
unit (8) selectively switch controls the corresponding first switches (I1bg~1by,) 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
(lag~la,), other combinations can be possible instead of 2% (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 number of the turns of the main windings (lag~1a,) so as to
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that the turns of the field wnding (2) may not be fixed. In this
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present invention, in case the nunber of turns of the main ndi ngs
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is possible to Ihcrease or decrease urns serial
after neasuring.the level. of the output.voltage and eval uating the
nmeasur ed v§fh%0%f13g f Efd{"ﬁ&gbﬁﬁ}”gﬁﬁpgﬁbe Qrﬁ?%@%%es a%"wﬁ’,ﬂ% expl ai ned
above, under thg.e vi ronnent of paoor electric¢ power supply where the
i nput vol t age d6¥s niSt? FRSERNE HEWIRE & WopifAieolotic auinmaliccvoligs regvéator
as well as under the environnment where power saving is required, the
aut omati ¢ 9FHRR 19 By sreandrengtodiment ot dheepresanhinvaniian vdieh israbued she same
rated voltage by automatically boosting input voltage.

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 great | y\POTPKRZE0%/0@1 772 ent of boostimg and reduci ng by sw tching
the first switches (I br4b). Fig. 3 is a schematic draw ng of
the circuit of the automatic voltage regulator according to the
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to Fig. 3, one § %_ the field mnndln% is fixedly connected to the
out put ter ni nal , S3hHFREORGReRsagR desulls i%d?%l%ﬁﬁe’c?fe@tﬂfﬂ ipgstrial usage,
ref erence potentlal Therefore, as nentioned in relation to the first
embodi ment ,Suelh s sengwmens c dempely fROVEBEOPIVIL IR strotttregwhersgeibettio rpofer
Fig. 3is used only for reducing the input voltage or allowing it a
bypass, butsupplpnestable, ¢ised for boosting the input voltage.

Said |imtation on usage results from consideration of actual
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infrastructure where electric power supply is stable, etc.
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are mound on the field winding (2), i. e., coils are wound to cover

the field wﬂﬁ@mﬁ@-(Z) so as not to overlap. Each of the main w ndings
(lao-4a) is configured to have a starting point and term nating point

of the wi ndi ng, Refetringéo plaidathe theldwvindiign2hisngoungsso(as ambe disjritatcel all over
counted and di stingui shed by the unit consisting of the starting

poi nt and tetorvidall covg fist.ntNext, as illdsraexdpimiFige ds,adh pheraligool emndin onalings
toroidal transforners were configured to renove a tab so as to be

capabl e of ( %Lmn?laf@w@uﬁd ehané fileRV Al (), nﬁélcﬁcblléear‘é%&ﬁ‘ﬁeto vEhthk RId
field winding (2) wound on the main mnndlngs (1 ao--1 an), and
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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 (1ag~1ay,), 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 (lap~la,) 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
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present enbodi nents can be practiced w thout deviating the

t echnol ogi cal spild,t ther prRédn GhdnioRT cdnk}RisBs @S §iftpld @é’lﬁjﬂtsivﬁﬁlhing_ cilrcuitF 8hd
y

exanple, the first switch of the present invention is to flexib

det . - . i . it hi
c?rgLrl?eaﬁg&F%ﬁ£%§a§£ﬁgﬂ§?aceduﬁ?@dngggéﬁ?k%%%¥P?@%2%ﬁ%ﬁ?kgkf?@%ﬁﬁg
the positi Q{fépttfgglﬁhQﬁffgrlegtgsgfal%%‘%entvﬁbnllgntg %vit?ﬁgvgtca'ufc e{d%itgﬁl\élenr%ﬁi%(%%tion

plurality o are p € mai n W ndings, any e of

these tabs is connected to ejther.the input term nal or output. . :
Lerm nal, the wiHUNfio TrEEIa HRFHIGR SREF AGsERTBY QPR apiliary cols
nodi fi ed. Therefore, the _presené%: nventi on nust be interpreted
to incl ude?&f Fa sepadatgths koltags inja kroadsyitapgp. jagd & thenspeer tpedan achAELY
the final turns of the main windings, and such nodifications nust be
under st ood OHBuUbE YAl pasvithHe thecwbiagoregalaioppasent i nvention. The scope
of invention will be determ ned by the acconpanying clains and their
( PCT/ KR2009/ 001 7y 2dditio tputhe @ivdotl Bnent NDuSTRE Ain dANRRLH BABIHONVE, YA person having

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



The present invention can be usefully applied to all electronic

equi pnment requiring a stable voltage. (PCT/KR2009/001772)18 WHAT IS
CLAI MED | S:(PCT/KR2000/077aut omati ¢ vol t gge regul ator for converting
an input voltage applied to an input termnal and outputting the
converted input voltage to an output termnal, conprising: a
mai n mﬁndiqguwﬁkhwhaving one end thereof connected to the input
termnal and tAe ot her end thereof connected to the out put term nal,
and having a plurality of main windings and a plurality of first
switches for switching so that the plurality of main w ndings are
selectively serially connected; a field winding excited in at

| east one of the main wi ndi nE¥DUSTRIAIeAPPEICABILIBY t he fir st

swi tches of the main winding unit; a second switch for

sel ectivel y conrdét Pisgersniaveritbnotan the fsefilly wpplitidntp tall eliettharic sequipment
reference potential or the output termnal; athird switch for
connect i ng reqering detblenchltege.t he field winding to either the reference
potential or the input termnal; and a control unit which

regul ates the | evel of an output voltage output to the output

termnal by switching control of the plurality of first switches, the
second switch, and the third sw tch. 2. The automatic vol tage
regul ator of claim1, further conprising a | evel neasurenent unit for
measuring the |l 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 input
vol t age neasured by the | evel neasurenent unit, switch control the
plurality of first switches in response to a voltage difference

bet ween the predeterm ned target voltage and the neasured | evel of
the i nput 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) 19 other end of the field winding to the input
termnal, and if the predeterm ned target voltage is |ower

t han the | gPEIT/KR20082001YFRY vol t age, swil8ch control the plurality of
first switches in response to the difference between the

predeterm ned target voltage and the neasured | evel of the input

vol tage, control the second sw one end of the
Wﬁé‘ﬁs;(ggﬁ ﬁi‘$

field winding to the out put termn con rol” the third switch to
connect the other end of the fie .he reference .
porential o o AP AyRaalCFali Calipt Eod opgating EBanBt Vo ase Appligd to an
claim?2, further co a_user input i.t for inputting the

pr edet er mi &Rt GFgHR \?6‘3 uting g Keony mpm4"°“ﬁﬁ€ QU PRERYE terminal,
voltage regulator of claim1l or claim 2, furt her conpri sing: a bypass
pat h for cé’&&pﬁémghe i nput voltage to bypass the main w nding unit;
and a bypass switch for switching a connection condition for the
bypass path, and main windiggemed havirg angeent ghespoiofonnéated topthe inoit teagenal and
corresponds to the predeternmi ned target voltage, the automatic

vol t age reghd ather end theosuifioguneted © thaontpon tdrménahymaseaving 4 phlratlﬂy of umin
the input voltage to bypass the main w nding unit. . The

automati c vdhitinge an@@uplatdity of fedtaivichesfor Ghaiching, soMmat ﬁienplhfhﬂ?lt bf hthin
winding is wound on a toroidal core, the plurality of main w ndings

wind the fighgingt fdisBRetidid sdri@yRbHiRtddt y of main w ndings are wound
on the toroidal core so as not g,o overlap with the field winding.

6. An automatic vl %ﬁhfé{? qulféh‘?ﬁ aff |@4st 81?&‘«%&5& hiih %ﬂqdéﬁ%@%nﬁ(é& etdasgﬁal ey by

|nputted to an |nput te to output the converte nput vol

to an outp rrprls a main w nding unit havmg
one end thgl%lee%1 {%racf)lrtl%éecsz g%emal gdm%mtm’t erm nal and the other end

t hereof connected to u term nal, .and havi a pluraljty of
i 1w ndi nge. eSS T o) Sre R P tada RE RBE SHopr i foih pihad e
the plurality of main wi ndings are selectively serially connected;

( PCT/ KRZOOQ/I'B@H.W? potgntial 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



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 @CIPRRROO9/HMI A720hi ch regul ateg the | evel of an output
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 autonptic .valt regul ator of claim6, further conprising a

| evel neas q@ﬁ:eeﬁfio H}eta@ffﬁwlﬁfﬁa%%ﬂ&ﬁ@ﬂ&@&f@&lﬁgﬁ%f the input voltage
inputted to the | né)ut term nal, and wherein the control unit is
configured to: Ifthe predetermingd tyggtaiolipgis loarytanyae eygkof the igpw voliage,
than the level of the input voltage, switch control the plurality of
first switchahjqenprekhsrduratity ehbrstswitelesrin sespenseeionthe idétference between the
predeterm ned target voltage and the nmeasured | evel of the input

vol tage.  pr&lctcFhencutangeatviotiagohndthe meguicdt lovelaff the anpnt 6/obtage; Icaniol the
farther conprising: a bypass path for causing the input voltage to
bypass t he seeind swindi togconnedt;thantde andypamsiidbiviialing o tsblitghi Remial, and
connection condition for the bypass path, and wherein if the

I evel of thenirdipe Rl s3@eh GO hREROIRSthE dlieoMhedRIEHMIMEE d BeQterence
vol tage, the automatic voltage regulator is configured to turn on the

bypass sw thrig) cause the input voltage to bypass the main w nding
unit. 9. The automatic voltage regulator of claim6 or claim

T e 11 £ 1 o AU e P B B g g
of main w rhcsljerr}qgutad’n?t %\P Pn%%ttﬁl% tfleh Srehgtrer%iligg ta(r:goeli (\afol?e?geaﬁonq a'}e I}Sgl‘. overlap.

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 tafget 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.



