1 AUTOVATI C VOLTAGE REGULATOR AND TORO DAL TRANSFORMER TECHNI CAL

FI ELD The present invention relates to an automatic vol tage
regul ator and a toroidal transforner, pagticularly to an automatic
vol t age regul at or capabl e of precisely controlling the output voltage
| evel and a toroidal transformer used for the sanme. BACKGROUND
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vol tage of such a regulator is always deternm ned by the w ndi ng of

its primary and secondary coils. Thus, in order to output various

vol tages, an automatic vol tage reﬁﬁlator using a toroidal
autotransforner is designed to w RECEBYIGALLELBERI ng to the desired

vol tage or have several output taps. For exanple, as

illustrated in Fllg plrz,selarinmmi@nrragserscw rear augematise veléage gnedatoo ahdwetogpidal
plurality of taps (a, b, ¢c) on a field winding (200) excited in a

mai n Wi ndi nigansi@kr, s pargisulzdy otet put avanmiaousvoltkt ageulagrekspabld dfhprecisely
toroi dal autotransforner is so designed that in case where 220V is

applied to ddn@olmmignha\bigiinglagd el 2@V tbfoi@dPlah &8rh@ 18&€ forédsaafe. t he
main wi ndi ng (100) and each tap of the field w nding (200) reduces
the voltage by 5V, the toroidal autotransforner can supply 200V from
the first tap (a), 205V fromthe second tap (b), and 210V fromthe
third tap (a), to an output term ngscxgrouRp such, conventional
automatic vol tage regul ators supply |scré?e out put voltages with a

Hoser bed! abova RE MRS %ot 388 il LB A Rpfigd GalPEpREATR el be
i.e., each of 200V,. 205V and 210V, is. sel ectjvely supplied.
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regilator is always determined by the winding of its primary and secondary coils.

Thus, in order to output various voltages, an automatic voltage regulator using a toroidal
autotransformer is designed to wind coils according to the desired voltage or have
several output taps.

For example, as illustrated in Fig. 1, an autotransformer can be designed to have
a plurality of taps (a, b, ¢) on a field winding (200) excited in a main winding (100} so
as to output various voltage levels. If the toroidal autotransformer is so designed that
in case where 220V is applied to the main winding (100), 20V is applied to each end of
the main winding (100) and each tap of the field winding (200) reduces the voltage by
5V, the toroidal autotransformer can supply 200V from the first tap (a), 205V from the
second tap (b), and 210V from the third tap (a), to an output terminal.

As such, conventional automatic voltage regulators supply discrete output
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 3V, i.e., each of 200V,
205V and 210V, is selectively supplied. Accordingly, conventional automatic voltage

regulators cannot provide precise voltage control.



As such, conventional automatic voltage regulators, providing | ow
precision, are very inconvenient for users. For exanple, in the case
of a high-story apartnent, there is a lapge deviation in the system
vol tage provided to a consumer between |low floors and high floors.

The floors of a high-story apartnent are classified into floors where
t he vol t age nee
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controlling the voltages precisely, and accordingly users have
suffered Grligat! af%@di?ﬁvg‘ﬁﬁeﬁélee System voltpge promidedde a qoneuperelasyeen low floors
i nvention provides an automatic voltage regulator capabl e of
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appropriate vol tage. Meanwhil e, in order for a conventi onal

aut omati ¢ vibt tvalyezerregdd &t lor retiocedpe sateepdwer ang dwers where thicoviltags yis¢dem be
conpl ex features such as a nain transformer, excitation transfornmer,
detection tinamadedrstethat hHs@bleyvs@ps cid ¥e sefflieat i Meweadileodehesital @litomatic
circuit, high speed AID transformcircuit, triac swtching circuit,

etc. are re\ﬂ)‘{'ﬂflg@Qe@ﬁat@d aRUhbs CQ]S){EY@%"E'S%Bﬁllyn@UWQWe' EwWRl Lafesuch a large
regul ators havé such high prices that they are used in a special casé

such as an r b Far
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conventlonaleqtl un@&gg§mdo not have narketablllty I n addition,
because such‘Co ﬁ eVi ces cannot operate normally if the frequency
and |l evel of a sten1vo| age chang convent i onal autonatlc voltq
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envi ronnent . In contrast, the automatic voltage re ulator of
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power sem conductor circuit, and thus can control voltage precisely
regardl ess witagd.ectricity environnent. 3 Meanwhi | e, the

reason why conventional automatic voltage regul ators selectively

out put di scret e Madpuitiley 0l ¢trdgefol evehgeniohdl aatdnaatgerotieyd afeiarorbebpaets in
themis because the regulators output an output voltage froma tap
fixedly placeswenclacisgtonrgdaey, ¢omblex featuresTdiRh r8as @il @fantBAner, excitation
technical limtation is because a very limted range of w nding
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producing a toroidal core, a main winding i s wound on a toroida
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general user cannot afford such regulators, and thus the conventional regulators do not
have marketability.

In addition, because such complex devices cannot operate normally if the
frequency and level of a system voltage changes, conventional automatic voltage
regulators have to be manufactured in consideration of electricity environment.

In contrast, the automatic voltage regulator of the present invention has a simple
structure which does not use a power semiconductor circuit, and thus can control

voltage precisely regardless of electricity environment.



The present invention is to inprove such a wi nding nmethod for
conventional toroidal cores and thereby to output various |evels of

i nductive voltage. SUMVARY The present invention was conceived
to solve said problens of conventional technol ogy. An objective of
the present invention is to provide an automatic voltage regul ator
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to the present invention for converting an input voltage applied to

an i nput te¥¥ nal and outputting the converted input voltage to an
output termnal, 4 conprising: a main w nding having one end thereof
connect ed t o t hellienpuson demnitialtechndat heviwtiberis dredatsher eofy dionedctaede of
to the output terminal; a primary field winding excited in the nain

wi ndi ng; a Wwindafg switiock huvetbdear usel fctd v@bidat @preectinntheonareainhrodess of
the primary field wnding to either a reference potential or the
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the main winding; a second switch unit for selectively switching so
that the plucaldihyimRkns&CRNALN foheld WaAdAGEn2"E B8heEIEVE]Mings where
connected to the primary field winding serially, and that one or nore
of the pluragli cond [ Tl -are.serial. pnec .
to each otﬁgkw%%mggt%%rlgﬂ?§x%%nﬁggfegqg%aﬁﬁgédgﬁeg!E%%kéﬂ%gﬂgﬁ 8 haain
primary field w ndin en .t he ane, or. re of the plurality of .
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primary field winding, a third,gmLﬁch unit. for selecti¥ely connectin
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primary field winding and the secondary field windings to either the
ref erence pONBLGHEPY BPs tiba PBLYVINdEIEATBESed. and a control unit which
regul ates the level of an output voltage output to the output

termnal by sw t0re pgsadnoyaptionfis thempiovs tsugiwiat winding metho dos ecwrrdtional
switch unit, and the third switch unit. Preferably, said
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unit for measuring the level of the input voltage inputted to the
input termnal, and wherein the control unit is configured to: if a
predeterm ned target voltage is higher than the | evel of the input

vol tage neasured by the |evel neasurgngmiagyyt, control the first
swtch unit to connect the one end of the "primary field wnding to
the reference p nt i . rol th i.L.ch. uni
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unit to confatP Ere BRACHICURST A PEFE IRFAEPT S BOVHE qonpligmatic voltage
terminal, and if.ths redet ermi ned target _voltage is.|ower hhan tge
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the one end of the primary field winding to the output term nal,
control thehgeboerntphingypligges Pegsednpensat e for the

Another objective of the present invention is to provide an automatic voltage
regulator with a simple structure capable of operating in various electricity
environments.

The objectives of the present invention can be achieved by an automatic voltage
regulator according to the present invention for converting an input voltage applied to

an input terminal and outputting the converted input voltage to an output terminal,



5 voltage difference, and control the third switch unit to connect

the end of the serial connection to the reference potential.

In addition, the objectives of the presest invention can al so be

achi eved by anot her enbodi ment of the present invention, an automatic
vol tage regul ator for converting an i nput voItage applied to an input
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termnal a PriFeRging Wétdalam i SVEkd; vl f@lnS@tiWéWﬁla. RORieRERh gnausgd of the
havi ng one end connected to the output term nal; plurality of
secondary flhrenaywickbvingsnsetecsitheda jafereprs n%ﬁlwab\mrthe AgtPuBletrhinal aghralty of
unit for selectively switching so that the plurality of secondary
field wi ndissgsmdare feld eehilvngb yexcierhecttbel mant werdprg; narsgedridebditoli nditnpr
serially, and that one or nore of the plurality of secondary field

w ndi ngs arelesdrdlalshytchimnnecthadtiicopleadity of b&bnlay Heels evihdihby are selectively
connected to the other end of the primary field w nding when the one
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the other end of the primary field winding; and a control unit whic

regul ates tS}é@odcﬁ}’yeﬁefgfmﬁﬁ‘mgé’Tﬁt@é%l1%(1@51 ERAECOMTPULh bohek RELOMRUY connected to

term nal by swtching cont He first swmtch unit, the Secon
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predeterm ned target voltage is higher than the | evel of the input
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switch unit to connect the one end of the main wi nding to the output
term nal, cehetvly chanesdapibic siimashfighdi vindingcaishdetseedislapt Reld whdings to
the main winding to the input termnal, and switch control the third
switch to cotipetsatéréroe mianthi agthedinpitaemmod; bed wamntphenit which regulates
predeterm ned target voltage and the nmeasured |l evel of the input 6
vol t age, ande idvel bapowget eslticaedtpnarget: ougiut agming i sghiehinghantbhel the
| evel of the input voltage neasured by the |evel neasurenent unit,
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switch control the thitd switch to conpensaté for a voltage
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is higher than the level of the input voltage measured by the level measurement unit,
control the first switch unit to connect the one end of the primary field winding to the
reference potential, confrol the second switch unit to compensate for a voltage
difference between the predetermined target voltage and the measured level of the input
voltage, and control the third switch unit to connect the end of the serial connection to
the input terminal, and if the predetermined target voltage is lower than the level of the
input voltage, control the first switch unit to connect the one end of the primary field

winding to the output terminal, control the second switch unit to compensate for the



In addition, said automatic voltage regulator of the present

i nvention may be designed such that the main wnding is wound on a
toroidal core, the primary field wi ndingsis wound to surround the

mai n wi ndi ng, and that the secondary field w ndings are wound to
surround the primary field wi nding. The w ndi ng nethod of the present
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core to surrounq E " -P~ Eﬁ jone part of the plurality of
secondary fi%P&E RMaL ﬁ@gf%?gﬁ bt o surround the main wi nding by
partitioning the pnkgar Lleld mnndlpg and the toroidal core, and

that the ot her prfddeon: Hae RLIRCHYGS Of Be RISEHARYSPLPN Bl 4l aF mghicved by
wound to surround the primary field wi nding and the one part of the
plurality ofodsecwzadmentept thi maesaals invghiieth gurankumadict Mellaggi regulator for
wi nding. In addition, said automatic voltage regulator of the present
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field winding are wound in part on a second toroidal core.

Meanwhi | e, inputorod@gge tooarakput Reninak cofpasiagpanairewaidind; raafst ovinar uifiofor
decreasi ng vol tage neani ngful, said automatic voltage regul ator of

t he presentconiv@nti gk skpdf dhéoqa«lﬂesmﬁmg t§ UGthet DRt idplie (&M for the output
auxiliary voltages induced by exciting the plurality of secondary

field w ndi l@gﬁn‘tisals%ﬁ st‘l@H uhi}B?OlQ:%Eﬁ&tﬂhalthea&Hélle?lq o@ggeqﬁ%nt\ﬂﬁd B either

wi ndi ng. dition, preferab 'y, in said automatic vort t age
regul ator g t ¢l 1€ D

swi t chi ng ant roﬁt Q&ﬁﬁﬁﬁ or tﬂg%ﬂ Hu??etlm?nﬁ?et. ﬁ?%’uéﬁﬁe@&j%ygﬁfIey(&t{}ﬁm the main
plurality of. o re ent vol t age |evel
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vol tage | ev esponds_to. an integer ddi tion,
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designed such that the plurality of secondary field w ndings are
wound to repribadht plarglity pesacandgeficldurinaings afe selgegelp qeraiected to thel psigeary
than the maxi num nunber of turns added by conbining each of the turns
of the pl urfalld pyndhg secdydard/thii elconmhodiofdglss plumlihpEsacasdyy ifield windings
possi ble to adjust the nunber of turns serially connected by the
secondary farelseriallynclimgsted awreatlo oflief taba]serinthy chnirsatedstoi the poissidbienft e
provi de precise voltage control. According to the present invention,

for exampl gyirhdi¢ RURRIIY wheH 18 08¢ offnoledShe plupalty 0ﬁ§ecbh'&nQlﬁ@rclaskinmhgs
of secondary field windings is 2" x 10 "", wherein 1 n 4, nl, and n
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automatic voltage regulator of the priesent invention further
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the fourth swt ni.t to Rkypass the input voltage to t he out put
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makes it possible to provide a circuit configured in a sinple manner
oper abl e i AMeAgHICHIEE! ghid dey p}@ﬁaﬁlyugn\hprigwttge input voltage inputted to the input

terminal, and wherein the control unit is configured to: if a predetermined target voltage
1s higher than the level of the input voltage measured by the level measurement unit,
control the first switch unit to connect the one end of the main winding to the output
terminal, control the second switch unit to connect the other end of the main winding to
the input terminal, and switch control the third switch to compensate for a voltage

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



In addition, the objectives of the present invention can also be

achi eved by anot her enbodi nent of the present invention, an automatic
vol tage regulator for converting an inpug voltage applied to an input
term nal and outputting the converted i nput voltage to an out put
termnal, conprising: a main mﬁnding havi ng one end thereof 8

connect ed t W1{0e dlfapi'ftthé ?f éa'ef%@l un%a d{ﬁig?? v&!‘t”prg Mis %n&et‘ r?l?’l’ne@{ g?ﬂ 20%? gnput

to the output tferm nal

mnndlng an thereof connected t er.n nal
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a swtch unit for(ia%ﬁptlvel mntchlng so that the glurah
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of the primary field mnndln serially, and that one or nore of the
plurality oforeetdhanst st dhema \H@ém@rte theed iRyt bkt Bddhoostiehhe
other to be serially connected to the other end of the primary field
wi ndi ng whehirg vitghdo spmpersateoforteheolpia dafféreyceobetwero Hapyddtemsiioed target
wi ndi ngs are connected to the other end of the primary field w nding;
and a cont ralltagnaitd thhinsdasured ldvat @sh¢ mput edmke.of an out put vol t age
output to the output termnal by switching control of the swtch
unit. I'n asid hitomatit heltpljreafiavetirtér ddigorRees efdr ihfiv @Rk FoNc&@ing
al so be achi eved by anot her enbodi nent of the present invention, an

aut omati c wat brReeehRBEY a8 bRigCRMMERd hdef et ynRElidn ﬁsegeo@e%h@ed
to an input term nal and outputﬁlng the converted i nput voltage to an

output term nal,[,CORRIISRY: 4 Lﬂﬁﬁd"véfma@g'1E%e%ylo?gttﬁgpesgﬂqnggﬁoﬁq{%y be

connected to the input fermina and t r end reof connecte
wnding and Ravfhg Shas i bRF ShhE et Bl oPe P ERurcyt oy e
potential; luralit f second field.w ndings excite
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plurality of secondary field w ndings are selectlvety connected to
the other &hdV6HY HeSPFvRathe piiapy UFlAdTIRG&er T pindiggmethediol dhgepigent
more of the plurality of secondary field windings are serially

connect ed tiBvadieh nsvdso bompdifisd siel thyt he et vadlingistweindtdner loaridal gbre,
the primary field w nding when the one or nore of the plurality of
secondary fthepdmaintieldgsindmg is ewmed bedhd wroide @bder sierdindfthd hein winding,
primary field winding; and a control unit which regulates the |evel

of an out puinevatit @be plirplity ¢0sethelaputipldt windiigs ned wWoyins v k@b g the main
control of the switch unit. 9 Sai d automatic voltage

regul at or s JRMinB&ydeati AP IHE Pntnlaat fiblew iy ézncnmertgld@ vaas»mm@nhﬁ the
toroidal core, the primary field winding is wound to surround
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partitioning the primary field winding and the toroidal core, and the
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surround the primary field winding and the one part of the plurality
of secondaryinflinglag: whwidl ingsyt anrd RoxLtorddddotctne mai n wi ndi ng.

Sai d automatic voltage regulator further conprises a |evel

measur enment uni tMémrwhieasor owdgr tthemlakw ehe ofiset he a sppetrate ohtagansformer for
inputted to the input term nal, and wherein the control unit is
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a voltage difference between a predeterm ned target voltage and the

nmeasured | euehldofe ddesdeBRdth RAt BOQum of auxiliary voltages induced by exciting the
plurality of secondary field windings is lower than the potential applied across the main

winding.



In addition, the objectives of the present invention can also be

achi eved by anot her enbodi nent of the present invention, a
transfornmer using a toroidal core conpriging: a main w nding wound on
the toroidal core, and having one end to which an input voltage is
inputted; a primary field w nding wound on the toroidal core on which

the main wi ndi ng i n Xcite

plurality of seg%n8m¥§o?|31§3%#lﬁﬂ%d%%VSUQHmﬁﬁ vﬂ@g%ﬂﬁﬁﬁ?@ifﬁhlﬁ present
wi nding, and excited in. the main wndin a swic
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the primary field winding serially; and a control unit for

control | i ngfX&ikingcthe mb ek odtseenislapt figld evigdings mayriepreseny aayioes dve! tomer
obj ectives of the present invention can al so be achieved by yet 10
anot her enbbai thermotastiak dwlipd esrent the myanwilahngant thagdloemdevelisimagpands to
toroi dal core conprising: a main w nding wound on the toroidal core,
and havi ng anetegadutdbaenhi ch an i nput voltage is inputted; a primry
field wi nding wound on the toroidal core on which the main winding is
wound, and exci tiachdditidn)8aidBdutomhtidivBigkge acphlbibalol tiye pfessaciansaioy may be
field windings excited in the main w nding, wherein one part of the

plurality ofessRePREAr Haf thelthWiHHReS RS MY Qﬂnﬁmg@ﬁea&(f&ﬂldWGQE;?le&h?ali
primary field wi nding is not wound, and the other part of

plurality Oquaﬁﬁg q@ﬁ%eﬁs déiﬁ ﬂil}‘é‘eﬁgémlqg%r %s? ti‘ﬁﬁL{Hg daQir M{l ilQEH‘Png Bhﬁun ad;[cd

primary fie W d|n art 0 ura secon

field windings: .a smntcp t . for conne ctln
plurality oI‘P Csdenclzl?)l%]é’rmc |OgIrH8|e \t/\ﬁ”rllsdf)n s ma!ﬁeXf ?%C%r’llbf gcf a‘”’dl“ I“ this

sertal) i a2 5a0el, urul Lop SomLcoll o, . Eﬁ“éoﬁ%cégf&?ttlge"ge%oﬁcw

schematic circuit drawing for illustrating a plurality of voltage
| evel s bei riildoripdings ﬁew&opﬁ Libei #pichs makgssit postible texuipYigde inserise voltage
wi ndi ng at the conventional autotransforner. Fig. 2is a

schemati ¢ dwalplhg Asfcordies knther prasens imgotion. dopxathpleatiicommnbes of dhmagé at
regul ator (AVR) according to the first enbodi nent oflthe pr esent

i nvention. least a paffiod th8plusalay pbskichndmly dielhpimelind it BE' add Sttatvherein 1 < n
vol tage regul ator (AVR) capable of regulating the output voltage to a
vol tage corxegpandi ngatdn ind MunAY be integer numbers.

Meanwhile, preferably, said automatic voltage regulator of the present invention
further comprises a fourth switch unit for switching the input terminal and the output
terminal, and if a voltage difference between the predetermined target voltage and the
level of the input voltage is within a predetermined permissible range, the control unit
turns on the fourth switch unit to bypass the input voltage to the output terminal.

Said switch units are implemented with relays, which makes it possible to
provide a circuit configured in a simple manner operable in various electricity
environments.

In addition, the objectives of the present invention can also be achieved by
another embodiment of the present invention, an automatic voltage regulator for

converting an input voltage applied to an input terminal and outputting the converted

input voltage to an output terminal, comprising: a main winding having one end thereof



Fig. 4 is a schematic drawing of the internal structure of the
automatic vol tage regul ator according to the second enbodi nent of the

present invention. Figs. 5-7 are sghematic draw ngs for
illustrating the wi nding nethod of the toroi daI transfornmer accordi ng
to the enbodi msnt of the present inventi on Her ei nafter

\i{n{)ﬁd:, g}?gf, Zcr%qge tt(Et es?nptutltglvﬁp wd gﬂ'ge OHBI ena(mﬁa r}Ed Ingct t8ht ﬁé)tufplf“
drawi ng of thelnternal cture of th orratlcht uIator
(AR "accorige o PHEERI " P iish R dn DR R G¥ERI AU one end
Referring to Fi , the automatic voltage regul ator conprises a nmain
wi ndi ng ( 1)thergo ‘Fqﬂﬁﬁ‘l"f9d 19 Be Quifiuh rmgag ) plugling efseceigiane heldnyipdingy excited
"plurality of secondary field w ndings (4a-4d), second switch units
(5a-5d), a inhihedngnivwisdingniatswish, umat g jusetatiwell tsshtchimigt so( Wyt tlee plawadity of
measurenent unit (8), an input unit (9), and a control unit (10).
The mai n w sedimigry( figld veisdinpe aersdlettier] g ofnreord ec tledbthar drkdeofithpptimary field
termnal (LI) receiving voltage and the other end thereof is

connect ed twinting seltipytanti@hian ohdlor (hadk .of Y plRXAPb e sedoRdAri Eidhd 88@NMEgs are
enbodi ment, if a voltage of 220 [V] is inputted with respect to

reference Q@It@i‘l}t bnebdl 13 8ach ARAHLE @!zuzl!ﬁrﬂi&ah&ﬁecf O HhRr SY$ beMelRimary
the input termnal (L1), the main winding (1) is vvound to forma

potential gﬁeé&%lgcﬁllh% P £0%5 R tﬁethgﬁﬂtﬁal néf Qg g) {ﬂd wmdﬂ}ﬁ are

primary fi I'S ex0|te n wnd

end (2a) thereof tlvel nnect ed ei.-t her t )
termnal (L mectec{ Eeﬁ ?elFler?gcel: O[:)rot?eﬁ)t“’ng‘ly {{ﬁyd vadlph,eanc? 13%0:1,?1& unit which

enbodi nent, fledvmndn undtofom i
botent | al oFeaga pif T BBtaH " B vkt oo "B Bl RtiER Sy puiehine
of 220 [V] Wnen one end 2a2 is connected to the output term nal

(L2). That qogtrok of tag&iiteh Wl not ed that the winding directions of the
main winding (1) and the primary field winding (2) are determ ned so
that it gets to lhadditie thembjceynst oft thei raseas 1m\r¢etlplmlcan also be achieved by
aut ot ransfornmer when one end (2a) of the primary field wwnding (2) is
connect ed tamothke emitodutertteofmitlmalprdski) invention, an automatic voltage regulator for

converting an input voltage applied to an input terminal and outputting the converted
input voltage to an output terminal, comprising: a main winding having one end thereof
connected to the input terminal and the other end thereof connected to the output
terminal; a primary field winding excited in the main winding and having one end
thereof connected to a reference potential; a plurality of secondary field windings
excited in the main winding; a switch unit for selectively switching so that the plurality
of secondary field windings are selectively connected to the other end of the primary
field winding serially, and that one or more of the plurality of secondary field windings
are serially connected to each other to be serially connected to the other end of the
primary field winding when the one or more of the plurality of secondary field windings
are connected to the other end of the primary field winding; and a control unit which
regulates the level of an output voltage output to the output terminal by switching

control of the switch unit.



The first switch unit (3) is for performng a switching operation so
as to selectively connect one end (2a) of the primary field w nding
(2) to either the output termnal (L2) o% the reference potenti al
(N), and this can be inplenmented as various 17 sem conductor
devices, relays, etc., which are well known as sw tching devices. In

the present enbo&hdi‘%%n ad Lo i€ %{Eﬁglstﬁa)ﬁg ders@ﬂgd A tH'?L'tH?matmr\%lnﬁ}/]g,As

so that they can be use invario city enviro

plur aI Lty QfoRRcangahiddi oge WD armﬁeyd%fzgi }MH?éhib:t ﬁervo%}}%ﬁ ?m{cHéﬂ the Main

wi nding (1), and sélecti 1Very” con

prrmaryfreld wi_ndi (2) s the switc oer ion of t
second swi t GHI{g ?EC??]? %Cd “i‘ﬂléel%dﬂﬁ‘f]m%‘? “’sﬁeE’Brﬁ‘o‘gF‘g S‘f“]?‘e{‘ e HiTRRy ‘Be%d
based on the turns connected to the other end of the primary field

wi ndi ng (2)"#Adet ndgadee uphibedkis.oprid cmatiss valtaseureauialys opay also be
secondary field wi ndings. The turn of each secondary field w nding
can be det eleighed sud thabthe main winsdes isvoptzdyen whicehidilscarpdibeaaimyry field
bei ng excited in the main winding (1) reaches a certain |evel.

That is, forindxgnplveundanhthsdcwmndtihcyref ioedudrownd diecnma{idahdiche, oan pag of the
wound so that a potential of .211-1 [V] (n=1,2,3,4) is induced when
204 [V] is mppliiyedf secondary ﬁﬂdswmfdu{gbeu@rwmtiWof sietading thdi fgn (RindindSby
illustrated in the drawi ngs, the secondary field w ndings (4a-4d) are

swi tched r gspafiineih¥ grimdrh eidesandns whd et Wibilisl dov@-Hd) iheehd: (fnerﬁ the
and when at |east one secondary field w nding (4a-4d) is connected

serially, theg ﬂﬁ@c&%@oﬂdaﬁy lle it WA oGk $9§ vt 1?1614@&1&5&1(991@2%@1%? {?‘e?d '\rﬁr hd; g

to one another. "Wen the secondary WI ndi ngs

connect ed Sr%ﬁ't%!eorye P{%pgfﬁ plqllﬁy\%rs%cor ef ﬁel£15\9111§ sawﬁ’cls Llil unddt%le ngun

bypass. When t er of 5&éo W nding i nerea

possible to requlate the secondary .field w nd| ngs so t hat they are
wound to reHrggent vari ous vol tage | evel s. For exanpl e, the secondary
field windings can be formed in a conbination where 1 [V] or 2 [V]
added to al | ow V¥3i4 Ayemaks ¥pliace spewlaiBbAMINAYCRBPHASP ilpYcdgicgpuroment Gt or
mul tiples of 3, and various voltage levels in addition to it.

Meanwhi | e, measergibg 1pe] ﬁéﬂt@dﬂiﬁ'ﬁa\touﬁg‘e”%&@h@aﬁhy i tefmape dénslgeherein the
(4a-4d) are not wound based on the size of induced voltage, but are

f or med basedniopl wheist emfigureddp sew@hploeiroladeishigh tunat @das w &ingpenSyte dor a
plurality of secondary field w ndings (4a-4p) can be conposed of 1,

2, 4, 8, 10olt2dk diffBren8Obeth@Oy a pORetedOhed 80Qet vHOREG: aiZ00O meADNEd [SQ0E the
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input voltage.

In addition, the objectives of the present invention can also be achieved by
another embodiment of the present invention, a transformer using a toroidal core
comprising: a main winding wound on the toroidal core, and having one end to which
an input voltage is inputted; a primary field winding wound on the toroidal core on
which the main winding is wound, and excited in the main winding; a plurality of
secondary field windings wound on the primary field winding, and excited in the main
winding; a switch unit for selectively connecting the plurality of secondary field
windings to the primary field winding serially; and a control unit for controlling
switching operations of the switch unit.

In addition, the objectives of the present invention can also be achieved by yet



[turns] according to 2"]1>< 101"]1 (here, nis an integer of 1 to 4,
and mis an integer of 1 or above). Accordingly, 1-16665 [turns] can
be sel ectively connected to the other ernd (2b) of the primary field

wi nding (2) by selective switching of the second switch units

(5a-5p). This neans that an induced voltage that can be formed by
1-16665 “%Bﬁ(kr b Hﬁné‘gdﬁdthteo {?Q&ltviﬁbélﬁﬁﬁ, LNANEES il (s R oIREA core
field winding (2). Klso, si nce e voltage ctan be regul at &d preC|se?y
down to the unit.of | [turnl. tF res i tio s.an effect of.
precisely #£§ﬂ¥§¥lna'?%@”V@%W%BQEPQ‘@”@g%Fagé (QSP]K@%?W%% %%d?ﬁﬁ\%“dl
t her et o. . Thelsize of thg.induced‘vF ta vari e ac?ordiq? to
the i nput VBIPBYe"OlaSHey &PPUIGE £ AT LIS VAP E 20889 R 1Rt 'BLRadd cpisy on
certain input voltage can _be deternined experinentally according to
the turns, “SHER the MahIINBE tiagE Ean b ¥ IFEeisHE eBABPHHEBIS &t Ritgaligy of
sel ectively connecting turns serially according to the size of the

vol t age t o sBecndlanplesid atiadings excited g thggnainivhadinabshecinseeandartiyhé plaraity
wi ndi ngs (4a-4d) can be counted according to the unit being swtched,
and each sedondadyryf fidddvinilmgs ag wamden hormadvivas ¢l pimthefisliizeindig is
i nduced voltage or turn, or a conbination thereof. A second

swi t ch uni tr®t (danddhdpks bdempawet tbiphgalpafatiomdalyoficls eligdihiyak ¥wound to
connecting a plurality of secondary field w ndings (4a-4d) to the

other end (s2bbuf tiehBipdrk TRIY whh@hE avd 138 fad)of the pRAAI, Glsedondhdya¥eld
can be inplenented as four term nal relays (5a-5cl) performng

swi tching at.l.0 ¥ r c : J. kel o
G ad) R e B o R L oy field
operation hy t. t of _i1nsul.ati he. sec field wmndin :
Cha ach *(ne alEs T 8 Bhary A, B5RE" AR bbbl Bl F sRotting
out put voltqge as nupg aswﬁge Y Htaﬂe i nduced to the secondary field
wi ndi ngs ( 2XTARPCHYCIRERES HUBTSTYCtYRhect i ng secondary field wi ndi ngs
(4a-4d) to the other end (2b) of the primary field winding (2)
serially (hereinafter, "addition node"). 14 A third swtch

unit (6) is for selectively connecting the other end (2b) of the
primary field w nding (2) HRIEIRBESARIPAEMNAF RBAWINGSt | east one
secondary field w nding (4a-4d) connected thereto serially to either
the input termn dag. I isld schemptie craefiedente potilastraabg § Murality of voltage levels
shoul d be noted that the first switch unit (3) and third switch unit
(6) are swibethesutpid &ohoakddaraiiiyt bf efe hofothbesxcitdiiat wiklingMaemhd benviehti@tal
switch unit (3) connects one end (2a) of the primary field w nding

(2) to the xeferghggerpotential (N), the third switch unit (6)

connects the other end (2b) of the primary field winding (2) or the

end termnal (63) g.oj id Sclrffafp ARLYi nE io@lick Wirddg NY-uEQRIEE Fh%q'\tﬁm{tﬁt Rltage
I (L1); when the f h t (3)

serially to the ihput term na ; irst swmtch un

connects one. end. (Aa, of 1A Brd Bl Lekd w nding. - -he out put

terninal (L “,Emghé ttﬁr&amsd\?\nﬁt@hlhél]ﬁlrs%/el}%@@&ﬁﬁn&gﬂl}ggkeéé?tgﬁ%gw@nd (2b)

of the primary f;ng.mjndi (2) or the end termnal (Qa of

Secondary 11 el d N M oegls e fe g nlefers s ety Vi gapabte

reference patential (N). Accordingly, owing to the charge in the

rel ative V\n")%éi‘??h‘gjméllgrﬂé%?‘i‘tl%ﬁfsvog 2% et Yailage Gpt '?fipﬂb‘il(‘%}‘) bﬁﬂ“ﬁhe pri mary

field winding (2), additive polarity is changed to subtractive

pol arity, or subitigatts&echssladeideaving of Wangénal stiagidgre plBepalapaticoyvoltage

thus, it is possible to both boost and reduce the input voltage.
regulator according to the second embodiment of the present invention.

Figs. 5-7 are schematic drawings for illustrating the winding method of the

toroidal transformer according to the embodiment of the present invention.

DETAILED DESCRIPTION



A fourth switch unit (7) is for directly connecting the input
termnal (LI) to the output termnal (L2), or to insulate the input
termnal (L1) fromthe output termnal (k2). It provides a path for
bypassi ng for the input voltage when it intends to output the input
vol tage wi thout changing it. The | evel neasurenent unit (8) is
Ice):: mﬁﬁ:isuz :_:1)9 ”al%e 'lei%élgclérm%;cen \égilla}%e?' eﬂ%e ﬁ%g}%}t{é%e% tsilll‘]\freglﬁglll‘] \\tflnebel 2 pl'fclline
effective value.. . The jnput upit (9) is used for receiving, from
the user, tH&L 'rﬂbéftfm\‘?’&‘fettaéfée ‘ﬁ?ﬁ“@%ﬂ@&wgl ")Sbe out put by the user, and
can be inplenented in various ways, such as a panel with 15 an_ input
switch such as dHgupisgdapieritic dgawiag &f Jigitaad)i gachusy of Beguiqmgjic voltage
renote control command, etc. The target voltage nmay be a default

val ue, a vakgdapnpAN Rearcanigngsiochelirsbymbedimgseef thaprdudneentionr. a val ue
updat ed during operation. The control unit (10) conpares the

i nput vol t age ndaseuriad tatFig.ny thewelonmbasolegerizulanirtcof)isyd 4 maihevinding
target voltage, and activates the first to fourth switch units to
perform swi(l ;hi ngnegnii¢lalwiap@eal), anfiso stviralt uhie3), nppitiralioy bageoneae esd
the target voltage. The overal |l operation of the automatic

vol tage reguhahet (4d-UuptseamadwirthRingts (-, la BRI SWRRIARY 6), Rasedh Qitch
the operation of the control unit (10), acCording to the size of the

target vol txf%&??)”}'aq%\iﬁgﬁgég%g&hélﬁ%it (8), e BiRE (A REE corlol age(@Rd the

i nput vol tage are

in mor
peak”val'ue odr ore

The main winding (1) has one end thereof connected to the input terminal (L1)
receiving voltage and the other end thereof is connected to the output terminal (L.2).
For example, in the present embodiment, if' a voltage of 220 [V] is inputted with respect
to reference potential (N) as a potential inputted from the system to the input terminal
(L1), the main winding (1) is wound to form a potential of 16 [V] at both ends of the
main winding (1).

The primary field winding (2) is excited in the main winding (1), and one end
(2a) thereof is selectively connected to either the output terminal (L2) or the reference
potential (N). In the present embodiment, the primary field winding (2) is wound to
form a potential of 204 [V] at both ends with respect to the input voltage of 220 [V]
when one end (2a) is connected to the output terminal (L2). That is, it should be noted
that the winding directions of the main winding (1) and the primary field winding (2)
are determined so that it gets to have the same constitution as the polar autotransformer
when one end (2a) of the primary field winding (2) is connected to the output terminal
(L2).

The first switch unit (3) is for performing a switching operation so as to
selectively connect one end (2a) of the primary field winding (2) to either the output

terminal (L2) or the reference potential (N), and this can be implemented as various



The control unit operates so that the input voltage is output w thout
change. Thus, the control unit (10) turns on the fourth swtch unit
(7) so that the input voltage bypasses tile main winding (1) w thout
change and is output through the output termnal (L2). ii) Wen the
target voltage is |ower than the input voltage: The contro

uni t (10) %ﬂtﬁol?lhﬁctgp(?e\jléers Itehtyg &0 uwfl#ah %Yg \RJQIE] k:lll(ﬂl/:]i §s g»@:’tcl\hég c@ewce}. t B the

decrease the vo

unit (10) tur |

oW toh uni T Blbele. LUty ol Dkt b‘% TN L fadm} (53
is connected to th? out.put termnal (L2), and controls the third
switch un|ﬂnﬁﬁyo%&FTQ%ﬁlﬁ?ﬂ¥”8Pﬁ@?mend (2b) of the primary field
winding (2) or the end tern nal 6%3 of at |east one secondary field
wi ndi ng connect ey Phuditstod seenflay | field windirgsddeed) g ewded ot dedppip winding
potenti al h? Meanwhi | e, the control unit (10) can regul ate

vol tage prdd).gellyelogtivedy satrievief yo demibertandgfiikd aywaysaelddyinding (Meserially
second switch units (5a-5d) to the addition node so as 16 to
conpensat e iyhbe eiviiflengenpeatiat sban stdoed beitel vafs (SheSd)nplibe valit afjgecondary
nmeasured by the | evel neasurenent unit (8) and the target voltage.

The secondaigyd fwisdidgvisnbasa@onathe Mo NGns@tddat (heh@Ref eldr oS geonehagy field
field windings input 220 [V], the potentials of 211-1 [V](n=1l, 2, 3, 4)

are respectyyeiny (b shicgd ple-EQﬁt lﬁ@e%%ow@@ﬁl rifd@ ﬂlﬂﬁﬁfy MekiARE Held 2\911({11 s.
and the target voltage is 51[V] e expl ained as an exanpl e.
The turn of each secondary field wmdmg can be determined so that the induced voltage
which is induced by being excited in the main winding (1) reaches a certain level.
That is, for example, each secondary field winding (4a~4d) can be wound so that
a potential of 2" [V] (n=1,2,3,4) is induced when 204 [V] is applied to both ends of the
primary field winding (2).  As illustrated in the drawings, the secondary field windings
(4a~4d) are switched respectively to the second switch units (5a~5d) one to one, and
when at least one secondary field winding (4a~4d) is connected serially, the secondary
field windings (4a~4d) are connected serially to one another. When the secondary
field windings {(4a~4d) are not connected serially, the second switch units (5a~5d) are
switched to bypass. When the number of secondary field windings increases, it 18
possible to regulate the secondary field windings so that they are wound to represent
various voltage levels. For example, the secondary field windings can be formed in a
combination where I [V] or 2 [V] is added to allow voltage levels corresponding to
multiples of 2, multiples of 3, and various voltage levels in addition to it.
Meanwhile, it should be noted that the secondary field windings (da~4d) are not
wound based on the size of induced voltage, but are formed based on the turns. For
example, as illustrated in Fig. 3, a plurality of secondary field windings (4a~4p) can be

composed of 1, 2, 4, 8, 10, 20, 40, 80, 100, 200, 400, 800, 1000, 2000, 4000, 8000



In this case, if all the relays (5a-5d) of the second switch units
(5a-5(1) are set to the bypass node, the voltage of the output
termnal (L2) is 204 [V]. Thus, in orderijto set the output voltage to
the target voltage, the secondary field w ndings (4a-4d) should be
sel ectively converted to the addition node. 215 [V] can be output in

the foll OW' Qnéi%’&’élﬁﬁmﬁg {8t 2Ggmf Xlllei Bisl a\{]mtggel é‘ﬂl 1ol [ 3 ?Slél %%‘761 of 1

Thus, in or er to activate the f h” secon el d w ndi

second second sec ndar fi

cecona SecaDigEyt !SI T9, 4400, AT AR L %@Mm end
t he control 10) swi.tches the urth rela 5d he se ‘
relay (5b)f 2%3 tﬁ*%é?f%lﬂ%ﬁ@&@%&f‘ﬂ(@s@ @ﬁ e%fcg‘%)no aéeceﬁﬁoﬁwmh units

switches the third relay (Sc) to the b ass node. In this way

i nput vol t dg&-3Pe. dElls engaey tha apHadycgd g’é’ﬁﬂ&ﬁoﬂ’ﬂh@f@ b fomsd(by] 1~f1<§1665 me]
output to achieve the effect of saving power. Here, it should
be noted t van beBddgst fooths vobings Bliery inftha primansafield winding (2%, AlSo,[sifjce the
by sel ective conbi nations of secondary .field w ndings, can be

obt ai ned, anttagd ¢antlzriggtiatedIpragesy dowi foethe angef of tu2Q4th2 IPedfeM invention has
wherein the target voltages are integers, can be covered in the
present enbadifivendf. pr&isteregalatiag eheCaMiaBetor £@ilagt esle PERfkS@IdnABesUCh,
it is possible to obtain a voltage very close to the target voltage.

Al so, consideri ngetdhe dmlwtndu@édt@&@,@W&%@&Hh@zb Yh kBB mae@cmoweve]
country, even if the input voltage I's changed, it is p055|

regulate s NRUAM Bl kb AgRa MY Mhideds R %nqm BUF Yorfh: Lak \{Je eélefnl;aﬁed
mexi mum wi th Fespect FPRRS et Vol tage. 17 Fean

t he present enb secondar i ,
respect | ve|‘°‘”’%h%‘8mfy aﬁcmﬂ‘“gsy"[ {5 RETS 3 E‘fu{“ﬂfdeng‘%egéé“ FEuFspsated
204 [ V] plus i nduc volt a e correspondin ‘

Accor di ngl YPEREA RGOS SBMCOPE Bebosai Ty S5 Ee la gl fas voltage
[turns] woul d determ ne the upper limt of voltage that can be

out put. |nf@R8EOHPEFBER ng a plurality of secondary field wi ndi ngs
(4a-4d) based on the turns, a secondary field w nding having various
wi ndi ngs can be Pf&ﬁqsedbed%mveﬁamﬂdely fadd mindingy @oetilioan begouged according
plurality of secondary field w ndings (4a-4p) can be conposed of 1,

2, 4, 8, 10p tiROunid0B¢ingGwitthE], aA0Gackd&@on&0Q fielkDOM)di20 0 bd@iﬂﬁ}@d&ﬂ@@l on
[turns] according to 2111 >< 1 0 (here, nis an integer of 1 to 4,

and mis anhd sikegtindeded bolhgd®aue) or &B6nBiInAGE" thercbs possible to

sel ectively connect 1-16665 [turns] serially, induced voltage

correspondi ng t oy X668 E&MENShits aBabRY) addRen switchind RpORNGH abr sklectiely
preferable for the voltage to be added by secondary freld w ndings
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(1). If this le to"o ourth swt
unit (7) aspnnal?}/ RAAYS winding (2). In particular, they can be implemented as four terminal

relays (5a~5d) performing switching operation with respect to each secondary field
winding (da~4d).

For example, relays (5a~5d) perform switching operation by the method of
insulating the secondary field windings (4a~4d) (hereinafter, “bypass mode™) and the
method of adding an output voltage as much as the voltage induced to the secondary
field windings (4a~4d) by continuously connecting secondary field windings (4a~dd) to
the other end (2b) of the primary field winding (2) serially (hereinafter, “addition

mode™).



It should be noted that target voltage can be output by selectively

connecting the turns serially according to the |evel of induced

vol tage required for conpensation by expgérinentally determning the

turns corresponding to the induced voltage. Here, the voltage

can be regul ated precisely not based on 1 [V] unit, but based on the
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vol t age shoy}d be ralsed éo the target voltage. Thus, the
control uni'tiefeney PeAt# NS the first to fourth smﬁtch units (3 5, 6,
7) to increase the input voltage for output.
specific, the cdhsh@ilddsiroted 0)at tthg Hsst gifitch Hé“tfb’l)r’tﬂﬁ @Wtsc’ﬁtchmltlt (G2)are
controls the first switch unit (3) so that one end (2a) of the
primary fi emdichechdilgrtpcke) viith wompdet. edltad is, héhen ghetiencwilplotiant(da¢onnects
(N), and controls the third switch unit (6) so that the other end
(2b) of thenprendely) 6f diecprimardified (2)dimr (2)he teadeftiencd patentidaN)ofhe akird
| east one secondary field w nding (4a-4b) connected thereto serially
i s connect edifeR Winhgsc) BHects@RdTbIMdE ekd-{b) of the primary field winding (2) or the end
terminal (6a) of the secondary field winding connected thereto serially to the input
terminal (L1); when the first switch unit (3) connects one end (2a} of the primary field
winding (2) to the output terminal (L.2), the third switch unit (6) connects the other end
(2b) of the primary field winding (2) or the end terminal (6a) of the secondary field
winding (4a~4d) connected thereto serially to the reference potential (N).  Accordingly,
owing to the charge in the relative winding directions of the main winding (1) and the
primary field winding (2), additive polarity is changed to subtractive polarity, or
subtractive polarity is changed to additive polarity; thus, it is possible to both boost and
reduce the input voltage.
A fourth switch unit (7) is for directly connecting the input terminal (L1) to the
output terminal (L2), or to insulate the input terminal (1) from the output terminal (L2).
It provides a path for bypassing for the input voltage when it intends to output the input
voltage without changing it.
The level measurement unit (8) is for measuring the level of voltage inputted
through the input terminal (L1), and measures, and then outputs, the peak value or
effective value.

The input unit (9) is used for receiving, from the user, the target voltage intended

to be output by the user, and can be implemented in various ways, such as a panel with



Meanwhi |l e, the control unit (10) can regul ate voltage accurately by
sel ectively converting relays (5a-5d) of the second switch units
(5a-5d) to the addition node so as to cdipensate for the difference
bet ween the | evel of the input voltage nmeasured by the |evel
measurenent unit (8) and the target voltage. VWhen four
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of 206 [V] induced by the primary field w ndin é IS,

second to flBeRsHISNIER] 39% @BB’ITM}]@ é?léetswl?‘éﬁe%i’dt %ctwa Stthfé ﬂé%é@rfﬂmtﬂb switch
fourth secondary field w ndings (4b-4d), except for the first
secondary -Unitelielpeiterdi sigitqhieg cotiet epeheoT] sl heedevioput aglagesreacliey]the farget
the addition node, so that a voltage of 14 [V] can be added.
Nbanmhile,\ammgdlustrated in Fig. 3, in case a plurality of secondary
field wi ndings (4a-4p) are conposed of 1, 2, ..., 4000, 8000 [turns]

according to 2' I dvaeillegperatiod odthd Alt@gadic afliage tadatodindstraedinafig. 2 will
integer of | or above), the second switch units (5a-5p) is capable of
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are connected ser|a1ly as nmuch as the turns that are experlnentally

found out tQ..cOlliESP %ﬂpngﬁt@ﬁm% Al so, even in case the

i nduced voltége an turnS are fnot predeterm ned by experinment, it is

possible to 1 NCHeYRE, olc HRRL ARG, LN ILULNR AnNesad apci ol Ly after

measuring the | € va uatlng t he neasured
value to find t appropriate t l e. seen above, ﬁ
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rated voltage b autonatlcall&lra|5|ng t he i nput voltage not only in
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t he power supply is poor and the input voltage does not reach the
rated vol t dypasses da nedieetirdieg provtiout change and is output through the output terminal

(L2).

il) When the target voltage is lower than the input voltage:

The control unit (10) controls the first to fourth switch units (3, 5, 6, 7) to
decrease the voltage for output.

In particular, the control unit (10) turns off the fourth switch unit (7), controls
the first switch unit (3) so that one end (2a) of the primary field winding (2) is
connected to the output terminal (I.2), and controls the third switch unit (6) so that the
other end (2b) of the primary field winding (2) or the end terminal (6a) of at least one
secondary field winding connected thereto serially is connected to the reference
potential (N).

Meanwhile, the control unit (10) can regulate voltage precisely by selectively

converting relays (5a~5d) of the second switch units (5a~5d) to the addition mode so as



The present invention can boost or decrease the output voltage by
switching of the first switch unit (3) and third switch unit (6), and
adj ust the | evel of decrease or increasdgsin the voltage by the
switching of second switch units (5a-5d) to the |Ievel of induced

vol tage corresponding to 1 [V] or 1 [turn]. Fig. 4is a
schematic i e il [ |

egul ator apegrinite HRE Rl ALERGELh ] 1B OF ey FpttATEL icakiRel 3 the
i nvention. As_.,can be seen.,. e tomatic voltage regul ator

11 ot r ot edeTor g ERR Ry o) Enfth B 1t °0F) Lot ared i Fig. 2
Thus, it uses t sane reference nunerals as Fig. 2 to represent the
Sae’ el enont s | nHmERPUG -r}&ggm%éu'%m\toaﬁﬁﬁpcﬂl%N%ha@efo l:ea%ﬂoa{‘w lield
according to the second enbodi nent of the present invention will be
expl ai ned bEgedmsmRth28i M etheradytigh o % [¥]rbehFtgre zespectively induced.
Referring to Fig. 4, the main winding (1) is not fixedly connected to
t he input tEremasawherd thednputomipge ist 300 \adnd(the rargetnvadaee iic il afy] enlé be
end (la) of the main winding (1) is connected to any one of the input
term nal (Llekplaared asuh pyampler m nal (L2), and the other end (lIb) is
connected to either the input termnal (LI) or the output term nal
(L2), 90 by thanswktedl [Tallapeiadisgha-ahl) bhehefseddnld sssdch @Rty (Hat-SdXakd 8et to
11b). In contrast, the other end (2b) of the primary field
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third switch unit are desi ghed convert t

di rections of_ 1 he .0 w.ndi n IL):;.and the primary field w nding (2)
W th respeéFS?%Cﬁﬁ% 8ﬁ\gﬁ?gk€$ﬁéﬁépg?ﬁﬁyg'Fbmever, in the present

nbodi t, bot f the fifth itch uniits (1l1la, 11b) are
oo mon ot on 215 TS it Drtal iRk RYlahfik dampgqtion; )

or the out put
t m | L2). =2
er nal (L2) 204 [V]+ 8 [VI+ 2 [V]+ 1 [V]=215[V]

Thus, in order to activate the fourth secondary field winding (4d), second
secondary field winding (4b), and first secondary field winding (4a) respectively
corresponding to 8 [V], 2 [V], and 1 [V], the control unit (10) switches the fourth relay
(5d), the second relay (5b), and the first relay (5a) to the addition mode, and switches
the third relay (5¢) to the bypass mode. In this way, the input voltage is decreased to
the target voltage of 215 [V] for output to achieve the effect of saving power.

Here, it should be noted that 15 options consisting of 1,2, 3,4, ..., 14, 15 [V], by
selective combinations of secondary field windings, can be obtained, and all target
voltages in the range of 204~219 [V], wherein the target voltages are integers, can be
covered in the present embodiment. Since voltage can be regulated precisely as such,
it is possible to obtain a voltage very close to the target voltage. Also, considering the
input voltage system actually used in each country, even if the input voltage is changed,
it is possible to regulate the output voltage within a margin of error of 1 [V] at the

maximum with respect to the target voltage.



In particular, if one end (la) of the main winding (I) is connected
to the input termnal (Li) and the other end (Ib) is connected to the
output termnal (L2), the w nding directliilons of the nmain w nding (1)
and the primary field winding (2) seen fromthe output termnal (L2)
are the sane, and the input voltage is output after being reduced. In

contrast, if On%@Qﬁv!{ll%aln Qe b&%el{faélﬁbdeﬂuﬁg{tnq foh} sb&n?lqgntﬁgirc S»%ntdﬂwts hge
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an input voltage to the output termnal (L2) where the input voltage
appl i ed to thHeaphgutnugr rorgse piformingfa plyealidupbsacandiy gkt windings (ilan‘id)
a reduced voltage at the output termnal (L2). Thus, the first
and second tesdsbdi thentimsdi Seendany Hdié vauding hivnige vetiwdwoklingscee e dgrmed.
whet her to raise or reduce voltage, but they are the sane in the

met hod of dairpemnsple] aglltiftentadointlages, digldireligrdecamdaityhesldret ibdes @a~4p) can
determ ning the size. Figs. 5-7 are schematic drawings illustrating

the wi ndi nghen@intpdeddbf t B 4 8 00,020, 40t SEANVDOLO®I408¢ £OF, di0DY, 2@WOAR000, 8000
enbodi nent of the present invention. Referring to Fig. 5, the main

wi nding (1) tLFPf'ls]Eﬂcgcﬁdm% 4 9"S><V}'@mﬂ@hé?@ RistANiRle8@! ofC0fe4, and m 1s an i integer of 1
Referrlngto Fi'g. 6, coil is wound to formthe primry f &lng
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induced voltage corresponding to 16665 [turns] can be added.

In general, it 1s preferable for the voltage to be added by secondary field
windings (4a~4d) to cover the voltage applied to both ends of the main winding (1). If
this is possible, it is possible to omit the fourth switch unit (7) as a bypass.

[t should be noted that target voltage can be output by selectively connecting the
turns serially according to the level of induced voltage required for compensation by
experimentally determining the turns corresponding to the induced voltage.

Here, the voltage can be regulated precisely not based on 1 [V] unit, but based
on the voltage corresponding to 1 [turn], and thus the accuracy is further improved.

Although it is not illustrated in Fig. 2, it is possible to control the second switch
units (5a~35d) so that the voltage becomes closest to the target voltage by measuring the
level of the output voltage and have proper turns connected serially.

1ii) When the target voltage is higher than the input voltage:

The input voltage should be raised to the target voltage.

Thus, the control unit (10} controls the first to fourth switch units (3, 5, 6, 7) to

increase the input voltage for output,



Referring to Fig. 7, coil is wound to formthe correspondi ng
secondary field w ndings (4a-4d) so as to formauxiliary voltage
corresponding to 2' [V] on the primary fligeld winding (2). As
stated above, the conventional toroidal transfornmer has the primry
field winding (2) wound on the main winding (1), and a tap rel eased
SO as to obtain I :
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i ncreases and the sectional area of the core increases, a
predet er m rrecbrslecofiddr yirfding tHandtbidémgiestsd vikaretd ssnialdy s’sepeurlvzpeddortbe sigput
as to obtain the sane effect even when the rennining secondary field
wi ndi ng i s tevoning (©h).t he toroi dal core. Al so, secondary field
wi ndi ngs (4a-4d) can be formed in areas where the primary field

winding (2) is ngeaswaird theTdbatrol §nit \WBRad rPfulaBNYIthiechd@d il dibhGeledlively
is wound, the primary field winding (2) is to be forned only in sone
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particular, the present invention can adjust the voltage to the size
of vol tage V@é}gl],ngg [ﬂb?ld‘f"%mt §0 |tha[‘1tt g}en])otentnls of 2™ [V)(n=1,2.3,4) are respectively

induced; the case where the input voltage is 220 [V] and the target voltage is 234 [V],
that is the case where the voltage has to be raised by 14 [V], will be explained as an
example.

In this case, the control unit (10) controls the second switch units (5a~5d) so that
a voltage of 14 [V] is added to the voltage of 16 [V] applied to both ends of the main
winding (1) and to the voltage of 206 [V] induced by the primary field winding (2).
That is, the second to fourth relays (5b~5d) are switched to put the second to fourth
secondary field windings (4b~4d), except for the first secondary field winding (4a)
where the induced voltage is 1 [V], in the addition mode, so that a voltage of 14 [V] can
be added.

Meanwhile, as illustrated in Fig. 3, in case a plurality of secondary field
windings (4a~4p) are composed of 1, 2, ..., 4000, 8000 [turns] according to 2" > 10™!
(here, n is an integer of 1 to 4, and m is an integer of | or above), the second switch

units (Sa~5p) is capable of selective control switching, so that the secondary field



The present invention also conprises a sinple relay switching circuit
and excl udes sem conductor sw tching devices, thereby being capable
of operating adaptively in different sygbem environnents w thout an
addi ti onal nodification. The present invention has been
illustrated and descri bed as enbodied in the above exanpl es. However,
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L auomt o uoliage Losl aler her canier Ligs,sh LA volugh v
voltage to an output termpal, conprising: a main w ndi ng

havi ng one SSREFIMHr dofs PRSSINL (@ dNAreRsE HE C?%}?@ﬁe ther Hrpcongledheig nayter
end thereof connected to the output terminal; a primary field w nding
exci ted in mé¢pgumed Hhewevdiaighe output volsagkiandt eywivaigge thei medspred value fo find
sel ectively connecting one end of the primary field winding to either
a ref er encehpatpemirizad tuons. t he out put term nal;

As can be seen above, the automatic voltage regulator of the present invention
can provide rated voltage by automatically raising the input voltage not only in an
environment requiring power saving, but in an environment where the power supply is
poor and the input voltage does not reach the rated voltage of an electric product.

The present invention can boost or decrease the output voltage by switching of
the first switch unit (3) and third switch unit {6), and adjust the level of decrease or
increase in the voltage by the switching of second switch units (5a~5d) to the level of
induced voltage corresponding to 1 [V] or 1 [turn].

Fig. 4 is a schematic drawing of the internal structure of the automatic voltage
regulator according to the second embodiment of the present invention. As can be
seen, the automatic voltage regulator illustrated in Fig. 4 is very similar to that
illustrated in Fig. 2.

Thus, 1t uses the same reference numerals as Fig. 2 to represent the same
elements in the two drawings. The automatic voltage regulator according to the
second embodiment of the present invention will be explained based on the differences
of Fig. 4 from Fig. 2.

Referring to Fig. 4, the main winding (1) is not fixedly connected to the input
terminal (L.1) and output terminal (L.2). In particular, one end (la) of the main winding

(1) 1s connected to any one of the input terminal (L1) and output terminal (L2}, and the

other end (1b) is connected to either the input terminal (L1) or the output terminal (1.2),



a plurality of secondary field windings excited in the main WI ding;
a second switch unit for selectively switching so that the plurality
of secondary field wi ndings are selectiwely connected to the primary
field winding serially, and that one or nore of the plurality of

secondary field wi ndings are serially connected to each other to be

serially CW@QE@QCHIRU %é%f%lh@frth@ﬁﬁhg%t[:lb mPsrﬂl?"? |3f8 field wnding when

the one or nore of the pluralit secon w ndi ngs are

ted to th ie
Chra swi ton unip yoFagH 8l llﬁéféﬁdﬁgbﬂ?ﬁhgng“éﬂ‘eﬁ%% Pinding %01 the end
connecti on enera sel ect nnectin rimar fiel
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potenti al or t e i ngut tey r} and a control unit which

regul ates tH€deRpanedsd riher fiﬁtmwt%“é@é(]@ut putted to the output
termnal by switching control of the first switch unit, the second
switch unit, andlhe, ithfied2stietier apgithird switch unigs (GTlaee dasignede convert the
vol t age regul ator of claiml, further conprising a | evel neasurenent
unit for nealuré mipdihg direstains off thdmaimputding () agd thaprittedfitid winding (2)
input termnal, and wherein the control unit is configured to: "24

i f a predetweitlmaspettttanigebupol teagal SLHi ghivehiam threplesinelentbdinfat, both
i nput vol tage neasured by the | evel neasurement unit, control the

first sw tchdybdi theticome@ChnitsNe1 Lnebread cﬂfss-ﬁ:bﬁle@feﬁr@%}{héﬂ 18¢ Shpit Rekinn
to the reference potential, control the second svm tch unit to

conpensat e L(p];]()lathyg{utpgg@“gfna{ mgnce between the ' predeterm ned target
vol t age and( e neasured | evel of the input voltage, and control the

third swtch unif h b Ric%%nﬁ%%e ehg (?’Bdofq{ae 1{)1%1 %\%’idl@é (fj %881%@09@% tOQ[h(I} input

i nput term nal,

terminal (I.1) and the other end (1b) is connected to the output terminal (L2), the
winding directions of the main winding (1) and the primary field winding (2) seen from
the output terminal (L2) are the same, and the input voltage is output after being
reduced. In contrast, if one end (1a) of the main winding (1) is connected to the output
terminal (L.2) and the other end (1b} is connected to the input terminal (LT), the winding
directions of the main winding (1) and the primary field winding (2) seen from the
output terminal (L.2) are different, and the input voltage is output after being raised.

As can be seen above, boosting or decreasing the voltage by changing the
winding direction seen from the output terminal (L2) is the same as obtaining a boosted
voltage at the input terminal (I.1) by applying an input voltage to the output terminal
(L2) where the input voltage applied to the input terminal (L1) of the autotransformer
turns into a reduced voltage at the output terminal (L.2).

Thus, the first and second embodiments differ in the switching method of
selecting whether to raise or reduce voltage, but they are the same in the method of
compensating the voltage difference and the method for determining the size.

Figs. 5~7 are schematic drawings illustrating the winding method of the toroidal



if the predeternmined target voltage is |lower than the |evel of the
i nput voltage, control the first switch unit to connect the one end
of the primary field winding to the output termnal, control the
second switch unit to conpensate for the voltage difference, and
control the third switch unit to connect the end of the serial

connection 1 Q.HAGel RLEBNCS RUBRalAnt oftheénes%nt i L fig,omati ¢ vol tage

regul ator for converting an i|nput Vo to an i nput

termnal and outgutihngoihe EaRsy an%nw%nvgé | 399 LA QU BUL 10rcical

termnal, conpri SW'tc

connecting one end of t he mai n Wi nd| ng to elther t he i nput term nal

or the out pt®terninal; a second switch unit for connectl ng t he
other end of the main winding to. either the input termnal or

out put term nal Referring 4o Bi’g I@H?‘X/‘I s epuRchip rf@h“h@]eé&’cwrt‘éé‘eichwt‘ﬁ]@‘?nﬁ%) h\’”h the
wi ndi ng and havi ng one end connected to the output termnal; a
plurality oraisededivally wewdend eeidjsosxcited in the main winding;

a third switch unit for selectively switching so that the plurality

of secondary fi élederinpdbnigs. ar ecibed wotuid/ &l YyorooHreairedptralithecqondarariield
field wwnding serially, and that one or nore of the plurality of
secondary fwielitlgyM4adidiogs Arte fear iadiliyy eonnechadsgondiagab 20{Vipsn the phigrary
serially connected to the other end of the primary field w ndi ng when
the one field winding (2).

As stated above, the conventional toroidal transformer has the primary field
winding (2) wound on the main winding (1), and a tap released so as to obtain different
levels of induced voltage. Accordingly, the degree of the voltage raised and reduced is
fixed and strictly limited due to the above.

However, the toroidal transformer of the present invention can obtain broader
and more various levels of output voltage than the conventional one by forming
secondary field windings (4a~4d) on the primary field winding (2), and selectively
adding the voltage to the primary field winding (2) by combining them.

If the turn of the secondary field windings (4a~4d) increases and the sectional
area of the core increases, a predetermined secondary field winding is wound on a
separate core so as to obtain the same effect even when the remaining secondary field
winding is wound on the toroidal core.

Also, secondary field windings (4a~4d) can be formed in areas where the
primary field winding (2) is not wound. That is, when a primary field winding (2) is
wound, the primary field winding (2) is to be formed only in some areas of the toroidal
core, and part of the secondary field windings (4a~4d) is wound in the remainder. It is

possible to wind the remaining secondary field windings to form a layer externally. If

a sufficient amount of sectional area is not secured, predetermined secondary field



75 or nore of the plurality of secondary field w ndings are connected
to the other end of the primary field w nding; and a control
unit which regul ates the | evel of an out?ut voltage outputted to the
output termnal by switching control of the first switch unit, the
second switch unit, and the third switch unit. 4. The

automati c V9111HE‘19§T(4([§§9%@£1Q£3 »9&111‘31'0‘?‘1'5’%1(39 - e(:H‘:etsher corrprl sing a |l evel

measur ement uni t asuring the of the input voltage

inputted to the 'f"l{%p]'i'ltes%n?rimerm n 130G it és ant(f\%ﬂnttoré) ab}émﬁ% c%ﬁ rul th'fl the

configured to: eter tael

the level of the input. v e nmeasuyred. eve asur ement

it Ceont PotEERsYEY Cﬁf&lﬂe@b\x (st ped ¢ e;ﬂle;%%ﬁﬁ%mﬂ&cwémﬁﬂgle BTVl and as a
main winding to the output termnal, control the second svmtch uni t

to connect ‘PHASHPMSIErent RIS e PFESTRtABTERGOR 61t HEUS Shfuvoltogs fA Hhasize of
and switch control the third switch to conpensate for a voltage

di f f er ence ‘oéegeen shendeidel Britl.ned t arget vol tage and the neasured

| evel of the input voltage, and if the predeterm ned target

vol tage i s hi ghélhet hp@reitthmvegioal alod donerisppat sivgld agey nedshimed cipguit hed
| evel measurenent unit, control the first switch unit to connect the
one end of dxbledenimit¢onduagr t gvitdhéng njeuiced, ethiwrdbdl beb@ntcapdbld hef earitg
switch unit to connect the other end of the main winding to the

out put t er rdRgh el @IncHi FWeh C4 seaNéfvPloninB s bbbt SMddedbdaPmearRensat e
for a voltage difference between the predeterm ned target voltage and

the measured |evgl, ;?fesénl?%wélﬁklﬁ h‘ﬁ?lbte@tg?l uslmted andedBSInﬁecfi% QERbASd in the

vol tage regul ator of any one ai s her conpri si ng a

user i nput 4Bl gk, LOPUSLLOR /S B 9?%%eme%5t 95 WRHaRSf Whkor
Che pri mar ot P&l QURRAPRY o mwf iy %ﬁpf'lauwdp@ﬂo%ﬁ%lh% %g?ﬁauﬁa&ﬁdhe
the secondapﬁgsefltl 1?1lvg1t¥gnndITrﬂgsscS)reeofV}g\lﬂeql%ofl %h'\s iJ {Jé 8&ﬂ%dtb®ethgrqlugg1re¥ claims and

their equivalents.



26 field w nding. 7. The automatic voltage regul ator of any
one of clainms 1 to 4, wherein the main winding is wound on a toroidal
core, the primary field winding is wound3on the toroidal core to
surround the main wi nding, one part of the plurality of secondary
field windings are wound to surround the main wi nding by partitioning

t he pri mar ywH € ds\wingimgpapd the toroidal core, and the other part
of the plurality of secondary field windings is wound to surround the

primry field winding,apdit QS{&%&E‘SQ@E&):- . éﬁﬁ?ﬁ*&l}b’rﬂﬂliﬁﬁt}f \%Qageﬁﬁ%’l‘i‘éé‘w an

field wi ndings, which surroun main w

automatic v a t . any one of cl.ains to 4, wherein the
plurality olﬁ J)&ste%g%g}glrg;g n? i g‘%@%\ﬁ“ﬂd%ﬁﬁgcoélrv glt?/\(glﬂwjdltiﬁolf S8Y t ol £ oghinal.
toroidal core. .. N 9. The automatic voltage regul ator of any one
of claims B4 &wherein the sumof auxiliary voltages induced by

exciting the pluraljty, of secondary field wndings is |ower than the
potential appli SdMaEy BEE g viRg pnagiddnggol connected tg the impet tainigneaidche
vol tage regul ator of any one of clains 1 to 4, wherein a selective
addi ti on usithgy caditheeenfgnesstadriotheodutpiiiémiiaaly vol t ages i nduced by
exciting the plurality of secondary field w ndings nmay represent a

vol t age | evel | owermaivdield tvéerdong ewitedin hpplaiedimitrgss t he nmain

wi ndi ng, and the voltage |evel corresponds to an integer nunber.

11. The aut onat iz fival dwigh neigubatselkcdfcl@ryngan®fomel aidv®f khé Qrinary field
wherein the plurality of secondary field w ndings are wound to

represent alihdfiBeo Eiﬁﬁe@%-éfei’émbg()@n@aﬁ o HesuyRAYahis, or | ess than the
maxi nrum nunber of turns added by conbi ni ng each of the turns of the

plurality of seconday; (gfis@!xgld‘g%wg%iﬂg\%ndin%—s extcﬁét?%autﬁgﬁiaﬁyﬁvﬂ{mw'c

vol tage regul ator of dany one ainms 1 _ per of t _ur“ﬁs of at
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field windings are selectively connected to the primary field winding serially, and that
one or more of the plurality of secondary field windings are serially connected to each
other to be serially connected to the other end of the primary field winding when the one
or more of the plurality of secondary field windings are connected to the other end of
the primary field winding;

a third switch unit for selectively connecting an end of a serial connection
generated by selectively connecting the primary field winding and the secondary field
windings to either the reference potential or the input terminal; and

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

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:



13. The automatic voltage regul ator of any one of clainms 1 to 4,
wherein the switch units are inplenented with rel ays. 14.
The automatic voltage regul ator of clai 2 or 4, further conprising a
fourth switch unit for switching the input term nal and the output
termnal, and wherein if a voltage difference between the

predet ern ned targ@geire¥abinAgel antettiabewehichér thhe tha1 Rkl ¥PH@Bul Soltage
within a predeterm ned perm ssible range, the control unit turns on

the fourth gwsheh H%n'h& 1dvR] RYRASEN Sl dktroV Ak trRBE W R L LG ULt the one
term nal . 5. An automatic voltage regulator for converting

an input volh ‘ll@ﬁgﬁlnia%g tﬁtef%l athdinp {u%{ th:eqléﬁlé?l%% p%%ﬁ%%l?%gl:r{hgltﬂg S&I_‘c%ﬁd S\fvziitch

converted i nput volftage to an ou erm na
L

mai N Wi ndi ng.havi ng one end thereof..connected to, the input rm nal
Bnd the. ot HEV! Gri THOras fore b Lo e R Lo SiTep b PerRicRined Tare fojrage
primary field winding excited in the main w nding and having qne end
t her eof corfi? éb%aleﬁ%gﬁévsmfdm PRE ¥RIRER ang CarluPlathﬁly*c{;%mé@claﬂb@rcynnect
field windings excited in the main w nding;.

the end of the serial connection to the input terminal, and

if the predetermined target voltage is lower than the level of the input voltage,
control the first switch unit to connect the one end of the primary field winding to the
output terminal, control the second switch unit to compensate for the voltage difference,
and control the third switch unit to connect the end of the serial connection to the
reference potential.

3. An automatic voltage regulator for converting an input voltage applied to an
input terminal and outputting the converled input voltage to an output terminal,
comprising:

a main winding;

a first switch unit for connecting one end of the main winding to either the input
terminal or the output terminal;

a second switch unit for connecting the other end of the main winding to either
the input terminal or the output terminal

a primary field winding excited in the main winding and having one end
connected to the output terminal;

a plurality of secondary field windings excited in the main winding;

a third switch unit for selectively switching so that the plurality of secondary
field windings are selectively connected to the primary field winding serially, and that
one or more of the plurality of secondary field windings are serially connected to each

other to be serially connected to the other end of the primary field winding when the one



a switch unit for selectively switching so that the plurality of
secondary field wi ndings are selectively connected to the other end
of the primary field winding serially, &d that one or nore of the
plurality of secondary field windings are serially connected to each
other to be serially connected to the other end of the primary field

wi ndi ng whed} hhe dInge grmm?%f@écdnhﬁ-ypﬂiaa HihdigLhresRaR0EA! ¥% fhi Vitk: end of
w ndi ngs are connected to the other "'end of the primary field w nding;

and qhggﬂﬁﬁgyﬁagkﬁnmhygmdregulates the | evel of an output
vol tage outputted-to the output termnal by sw tching control of the

switch unit. : : t i.¢c.voltage. requl ator for .
converting an iﬁbﬂ?n§%ﬁngg§h§§5 gggﬁggmhkvsﬁﬁhéjgglﬁ%ﬁgvﬁgﬁHM“HWdlothe

out putting Rhg\cqngeﬁﬁpg LQ u%lvoﬂt@ ] t 200 t ut_&ernin |, . :
Copr i si ng: APURTHIG R REEE (e B, PO L gt pRAS ieh i, and
input term pal and the 98 other end thereof connected to the output
termnal ; thethirdsvdichigity fiel d winding excited in the main winding
and havi ng one end thereof connected to a reference potential; a
plurality of secondl pufddtig velhgr ngguletrialfedainn I herthai wowiprsinagy 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, control the first switch unit to connect the one
end of the main winding to the output terminal, control the second switch unit to
connect the other end of the main winding to the input terminal, and switch control the
third switch to compensate for a voltage difference between the predetermined target
voltage and the measured [evel of the input voltage, and
if the predetermined target voltage is higher than the level of the input voltage
measured by the level measurement unit, control the first switch unit to connect the one
end of the main winding to the input terminal, control the second switch unit to connect
the other end of the main winding to the output terminal, and switch control the third
switch to compensate for a voltage difference between the predetermined target voltage
and the measured level of the input voltage.
5. The automatic voltage regulator of any one of claims 1 to 4, further
comprising a user input unit for inputting the predetermined target voltage from the user.
6. The automatic voltage regulator of any one of claims 1 to 4, wherein the main

winding is wound on a toroidal core, the primary field winding is wound to surround the

main winding, and the secondary field windings are wound to surround the primary



a switch unit for selectively switching so that the plurality of
secondary field wi ndings are selectively connected to the other end

of the primary field winding serially, asd that one or nore of the
plurality of secondary field windings are serially connected to each
other to be serially connected to the other end of the primary field
wi ndi ng whep. 4 he, 0 ,r;gz or nore of the plurality of secondary field

wi ndi ngs are connected to the other end of the prirrary field w nding;
and a cont [ u t .
vol t age out put t e{dqlthglép Lqena\({)\@t %n?bet%glrlrllg%}g?f%w LW Cha”(?1S lcont’ rvt(l)’gl%“} the pagin
swi tch uni utomatic valtage re ulator of claim 15
or 16 wheriiners vadrhoRA fa H&PF%%%EHH“W?[@% B egped of g w0ididal
primary field winding is vvound to surround the main w ndi ng, .and the
secondary fio8 @ S\M‘HH?%? AR WiBKIRG 46 R SRmBIVERSY Bl walacw figkgpindings
wi ndi ng. 18. The automatic voltage requl ator of claim 15 or

16, wher ei rir¢ WeURRIhSW v ibe mginwindingoby pattispongdie pamery fitle vindinanyd
field winding is wound on the toroidal core to surround the main

wi ndi ng, ortke paptdabfcoteheng|the aklier ypadf oS theopldatiyy bF ebabndiurydfieldswalengs is
wound to surround the main winding by partitioning the primary field
wi ndi ng andvdune tooswidald thergimandi¢ibewotigr aphilie ofie the ¢l theaplutayinobf
secondary field windings is wound to surround the prinary field

wi ndi ng andetdiRagnBel@anifdifgs, Whechiukbahd ¥ ofin sesandary fiel d
wi ndi ngs, which surround the nain w nding. 9. The automatic

vol tage regul at oy 8f aﬁlt&hﬁ@ié%l@{gﬁ]@i,ulflféf tohelrntycd?{ryp&' Sihingk t!)etbéevlnerem the

measurenent unit for measuri ng t eve he |nput VO

I nPUt t ed t ﬁqgﬁljaﬁllyeogg%'éontdg eﬂc‘?‘k\fm r%?ies'ﬁound 141 PWIEOM%%COHI’] 1(5 Iaeqﬂ?g(ﬂgr ol

unit 1s configu SWItC SO as

conpensate for q)m\ﬁ tz%% 1%l ffﬁérlenl%e 1b%aot enralclp [e(geltn%arg] n;d }elenq% \

vol tage and the & APRPAIEVEI BT "CBWAYT RpatY Ut Playd S 1c sum

transfor rrerof%%kﬁ%ty vol(t)e{o(gels ?1? uce rb$ e&gltmg tﬁe p?mallty of secondary field windings is
lower than the potential applied across the main winding.

10, The automatic voltage regulator of any one of claims 1 to 4, wherein a
selective addition using switching control of auxiliary voltages induced by exciting the
plurality of secondary field windings may represent a voltage level lower than the
potential applied across the main winding, and the voltage level corresponds to an
integer number.

11. The automatic voltage regulator of any one of claims 1 to 4, wherein the
plurality of secondary field windings are wound to represent all the integer numbers of
turns equal to or less than the maximum number of turns added by combining each of
the turns of the plurality of secondary field windings.

12. The automatic voltage regulator of any one of claims 11, the number of turns
of at least a part of the plurality of secondary field windings is 2""x 10 ™", wherein |

= n = 4,m = 1,andnand m are integer numbers.

13. The automatic voltage regulator of any one of claims 1 to 4, wherein the



a main w nding wound on the toroidal core, and having one end to

whi ch an input voltage is inputted, a primary field w nding
wound on the toroidal core on which the2fain w nding is wound, and
excited in the main w nding; a 'plurality of secondary field

wi ndi ngs wound on the primary field w nding, and excited by the main

winding;  switc 1%11&%1%@?113%‘1&1&5(9@1@?(J,I’?}%t' vely connecting the plurality
of secondary fi windings to the primary field w nding serlally

and a control un1'4t Theh Llfbg{httiléq}()&thgﬁglegﬁ\fg ?%'f@rgmﬁge&alf 'fﬂﬂl?el nﬂaﬂ@mﬁw{l (roﬁnh

unit. 21. A transforner usin
main W ndin to OLda f P% end to mhlch
an input vo s%"ﬁémﬂé’o 1&} 1€ mpu teng;%i f“ﬁg g 0*1 Jél 11\Mﬂﬁlbiaﬁ wound on
t he toroidal corq on |ch t he HB ggndlqg und, ?nd exci ted IP]
the main w ndi ngZnerein it o Xolgedilpiegeeiel e Ria oaingd e alges and the
excited in the main wi ndi ng, wherein one part of the glurallt of
secondary flP\é’ild’f\Hi%kﬂlPHb%Ol&}gé iwithi »aTedateaPagd pRBRISSIP IR apgd, Mg Gontiob it
wi nding is not wound, and the other part of the plurality of
secondary fties @n\Ahmﬂaurﬂgﬁwatﬁb unid imblyitass Ga i rol tagedo prd avdapyt ($rivahal.
wi ndi ng and the one part of the plurality of secondary field
W ndi ngs; 15. An automatic voltage regulator for converting an input voltage applied to an
mmput terminal and outputting the converted input voltage to an output terminal,
comprising:
a main winding having one end thereof connected to the input terminal and the
other end thereof connected to the output terminal;

a primary field winding excited in the main winding and having one end thereof
connected to the output terminal;

a plurality of secondary field windings excited in the main winding;

a switch unit for selectively switching so that the plurality of secondary field
windings are selectively connected to the other end of the primary field winding serially,
and that one or more of the plurality of secondary field windings are serially connected
to each other to be serially connected to the other end of the primary field winding when
the one or more of the plurality of secondary field windings are connected to the other
end of the primary field winding; and

a control unit which regulates the level of an output voltage outputted to the
output terminal by switching control of the switch unit.

16. An automatic voltage regulator for converting an input voltage applied to an
input terminal and outputting the converted input voltage to an output terminal,

comprising:

a main winding having one end thereof connected to the input terminal and the



a swtch unit for selectively connecting the plurality of secondary
field wwndings to the primary field winding serially; and a control
unit for controlling switching operatiod8 of the switch unit. 30
ABSTRACT The present invention relates to an automatic vol tage
regul ator and a toroidal transforner, particularly to an automatic

vol tage regyhatal tl%"f‘&ﬁl%bﬁné?:ftedpfﬁ@?é &ﬁfm t&ﬂnﬁglol ling the output voltage
| evel, and a toroidal transforner used for the sane. The

pr esent invent i %{I%Iilﬁll grtiféfd bindifle 8L "%t%??ﬁ gl% 1}\4811'[»?9@111% 9196[' 1‘31‘\1;:99 8T Ond thereof

converting an i age appfre

outputting the vert d i npu | tage to an out put term naI

conpri si ng: Coul‘??g?‘ﬂtovﬁlﬁ ?{]@eﬁ’ggﬂlﬁﬁ one end thereof connect ed to t he

i nput term nal q her taere f conne to.the output
terminal ; a pri faryat ye‘i’ o Iynﬁfl %P“ﬁ) B T él IRINWVTING: a
first swltch unit for selectively connecting one end of the primary
field wnding td eviternis frefeicdingly potcaing @l thet thenpluglity at S@C‘@Flﬁ@ibiaf eld
a plurality of secondary field windings excited in the main w nding;

a second swindimganietseleotivaleconterizdlty tiowithavhdg! 8 nrhaarytiied! pindizg deriglly,
of secondary field wi ndings are selectively connected to the primary
field w ndiang tserdnalol yoranfltlichatrabyeofoecoming Gdld twiedipbuaml setiyilyoonnected
secondary field windings are serially connected to each other to be
serially caoregi®berlio btRerintyn@hneniel fthé bBepsidtye plighed, fdd i ROnaaen
the one or nore of the plurality of secondary field w ndings are

connect ed tiRe bheoPhRes oiet'l‘l@ piralidye fREEIHRAAY fﬁél@'\ﬂné%géjhﬂég)onﬁe&éﬂ fohe other
switch unit for selectively connectl ng an end a serial connection

gener at ed téy,d%ge h%% \{ﬁg)ﬁeﬁp&[}%ﬁ .ngy the pri rrary field winding and the

secondary field to el ther the refer ence potent| al or t he

i nput term nal; _an

out put vol tage ou?oﬁlﬁlt()l tuBRt\ﬁﬂC%d?gmeie% g}erheﬁeglo bS)} gwjf‘ch?iﬁ}j;e LWEL “tﬁﬁr‘{fifth'e
the first switch ungi t he second swi.tch unjt,.and the third switch
uni t. O tssmial Ry SWH%‘H%F%‘H‘C’;PBU}e&é"élclBﬁ‘a‘:‘El se voltage control to
enabl e the output of a voltage |evel desired by a user, and precisely
carries out a varh E{l?a‘&f’méb‘bl"?l&%|‘%ﬁ1§'1tP10fPf %Wee% Ak N@‘%ﬁ‘f@j‘h&é“ﬂ}bl“t‘%bég
booster. In particular, the present invention makes it possible to
change t he 1§ migund ola T@g@d%lcﬁmméh% pumant figld| wiadieg o moesh dmdinmgpndothe mein
turn. The present invention also conprises a sinple relay sw tching
circuit andviedinpuees the secondary field windings are wound to surround the primary field

winding.

18. The automatic voltage regulator of claim 15 or 16, wherein the main winding
is wound on a toroidal core, the primary field winding is wound on the toroidal core to
surround the main winding, one part of the plurality of secondary field windings are
wound to surround the main winding by partitioning the primary field winding and the
toroidal core, and the other part of the plurality of secondary field windings is wound to
surround the primary field winding and the one part of the plurality of secondary field
windings, which surround the main winding.

19. The automatic voltage regulator of claim 15 or 16, further comprising a level
measurement unit for measuring the level of the input voltage inputted to the input

terminal, and



31 sem conductor sw tching devices, thereby being capabl e of
operating adaptively in different system environnents w thout an
addi ti onal nodification. 29
wherein the control unit is configured to switch control the switch unit so as to
compensate for a voltage difference between a predetermined target voltage and the
measured level of the input voltage.

20. A transformer using a toroidal core comprising:

a main winding wound on the toroidal core, and having one end to which an
input voltage is inputted;

a primary field winding wound on the toroidal core on which the main winding
1s wound, and excited in the main winding;

a plurality of secondary field windings wound on the primary field winding, and
excited by the main winding;

a swilch unit for selectively connecting the plurality of secondary field windings
to the primary field winding serially; and

a control unit for controlling switching operations of the switch unit.

21. A transformer using a toroidal core comprising:

a main winding wound on the toroidal core, and having one end to which an
input voltage is inputted;

a primary field winding wound on the toroidal core on which the main winding
is wound, and excited in the main winding;

a plurality of secondary field windings excited in the main winding, wherein one
part of the plurality of secondary field windings are wound on an area where the
primary field winding is not wound, and the other part of the plurality of secondary field
windings are wound to swrround the primary field winding and the one part of the
plurality of secondary field windings;

a switch unit for selectively connecting the plurality of secondary tield windings
to the primary field winding serially; and

a control unit for controlling switching operations of the switch unit.



ABSTRACT

The present invention relates to an automatic voltage regulator and a toroidal
transformer, particularly to an automatic voltage regulator capable of precisely
controlling the output voltage level, and a toroidal transformer used for the same.

The present invention relates to an automatic voltage regulator for converting an
input voltage applied to an input terminal and outputting the converted input voltage to
an output terminal, comprising: a main winding having one end thereof connected to the
mput terminal and the other end thereof connected to the output terminal; a primary
field winding excited in the main winding; a first switch unit for selectively connecting
one end of the primary field winding to either a reference potential or the output
terminal; a plurality of secondary field windings excited in the main winding; a second
switch unit for selectively switching so that the plurality of secondary field windings are
selectively connected to the primary field winding serially, and that one or more of the
phurality of secondary field windings are serially connected to each other to be serially
connected to the other end of the primary field winding when the one or more of the
plurality of secondary field windings are connected to the other end of the primary field
winding; a third switch unit for selectively connecting an end of a serial connection
generated by selectively connecting the primary field winding and the secondary field
windings 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 first switch unit, the second switch unit, and the third switch unit.

The present invention provides precise voltage control to enable the output of a
voltage level desired by a user, and precisely carries out a variety of applications for
power saving and as voltage booster. In particular, the present invention makes it
possible to change the input voltage to the size of voltage corresponding to one turn.

The present invention also comprises a simple relay switching circuit and excludes



semiconductor switching devices, thereby being capable of operating adaptively in

different system environments without an additional modification.



