NETHCD CF AUTOVATI CALLY CHANG NG VOLTAGE I N ELECTRIC PCMER SAVI NG
TRANSFORMER OF THREE- PHASE SYSTEM AND  APPARATUS THEREFOR 5 '
BACKGROUND OF THE | NVENTI ON The present invention relates to a
| devi-ce hav,Bguép OF AUTOMCFIEALIY CHARGENGCWOLYAGH] UM iBIECTRAC t BOWERNi ch

i mput T SAVING! ERANSFDRHEBSSBE OPAREETEIASH LRYOR AN hEt SEATTRG

range of tRgpNpkbRYE in an el ectric power saving deV|ce such as an
aut otransfor nmer, so that an abnormal vol tage i-s not ~supplied to a

| oad. 15 _ ‘Japanese Patent Application No.1804/1995, which was filed
priog to the-present application by the sane applicant, is one of
known convent i QMR ng appar at uses. : In a
“convent | on2RC ’éﬁgg@{mﬁcsgom gaw n&&g%ipar atus, ‘as shown in Fig. 4,
pl-ural sets of- eXC|t|ng coils L3, L4, L7 -and 20 L8, which are wound on a
si ngl e- phase ¢ &gée i(rg) ﬁﬁ 1adet H8l |y GRRIRE eHaf€hgeSa are’
connect ed betmgé% t © ?n' r&rg sets of main coils LI, lgeZ L5

and L6 whi fiination of autpmationliy aﬂﬂusﬂnmrﬁeVpQFagﬁwWMPBhlﬂfé“tput o
PSS ORR ot sap, FERRERL PeSle SEn AN H O b ok lsn o 0
voltage is increased or decreased beyond the predetermined
range of the voltage in an electric power saving dev1ce, such
as an autotranSformer, so'that an abnormal voltage is not
 ‘supplied to a load. | '
15 Japanese Patent Application No. 1804/ 1995, ‘which was filed
.lprior to the present application by the same applicant 'is
one of known conventional electric power saving apparatuses.
In a conventional electric power saving apparatus as .
shown in Fig. 4, plural sets of exciting coils L3, L4, L7 and
20 L8, 'which are wound on a singleephase core-type'cored(g) in
a mutually connected series, are'connected between the ends
of plural ‘sets of main coils L1, 12, L5 and L6 which are
. phase-wound on the core (9), in which the . combinations of
connection of the exciting coils L3, L4, L7 and L8 are
25 controlled by thyristors (1, 2, 3, 4, 5, 6, 7, 8) connected
with a voltage sensor (not- shown) provided at the input ends
of the main coils L2 and L6, whereby an output voltage is
prevented from unnecessary increase and decrease.l
. For example, a circuit' on‘which'the exciting coils are
30 _ combined to cause the wvoltage to output dropped by - 6V for an
input voltage of 100V, is automatically changed to another
circuit which has a lower-voltage rate of 3V and then OV when
' the input voltage is decreased. On the other hand, the
circuit will beeautomatically changed to another circuit

35  which has a upper-voltage rate of 3V or 6V when the input
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W th a vol t age sensor (nat shgwn) provided at the input ends | of the
main coils L2 and L6, whereby an output voltage is- prevented from

unriecessary increase and decrease. - For exanple, a circuit, on
whi ch t hevelddiagengisoi tooarko@0 Thereihoae ,t otl}aus@ltmt vmqagage 0 I®It put

.dr opped. b%revencl:e&a%r()“{ ume@%gh 49§ %?e%fsl O¥ng! &e % ﬁ%ﬁng\e/d

to anot he Clrcul as“a ovver VOFt age ra
when keklpe thepuinflolémoe o5 teer kasédas 1£1:t1éeaet besshht‘hé,. the

circuit will be automatically cha eﬂéqianother circui % whi ch has a
upper - vol t age "PEEY St~ S0 %Fgﬁ Wer”sa¥ing TapSEPATETS 't 00
lows  Thiehor esutdmetdat publ\balgteagechamglng dpvement athidh onagnnegessary
i ncreasin and decr.easi e |nfluence on the | oad ‘as

et Tes odrppenmntsonad Lidhole ighe. far sB0IBnERatE CHEERT o SRMEE oy oo

tranSfOr”Eé&trictedwtbhau&@%@@ﬂsﬂ%rnmﬁkiQﬂ351ﬁbaégbh@sed%ht@é witeh oras
t he - af orenenti oned exanple are for si (gl e-phase current, and are.

restrict eWPoWaATPoSYATSTHIRARS BFCeRhgf X haR W?ﬁr%%nW?EOBr .

two-w re system Hﬁé%@éﬁ&@i tHYed FHWEE GAARIRA, O simultaneous! ONybEFCase
of three-phase curren a si mul'taneous ON OFF 10 .change of voltages: of

t ht@e phagkangs @fsi %Etagsﬁ nf€ three phases i Frgizedst SinFRathiy

current apgr8@tphlge8aB® ¥PkbafAlting curk@hd a%@dnétWhéagﬁﬂestfEab%
i npossi bl e for ?yrlstors as . "“electric switches, the control

circuit ilevehppagd simpltaneous|i@FF st impossikde dap e tersons .
E'epggf ng@fécwi&engmééhes,Aceﬁédl 86h¥rolRYRLuNe! T 26€ coRgies BAa been
difficult to manage compared with for s:mgle-—phase current.
15 Accordingly, manual voltage change has -been performed
conventlonally J.nstead of autorﬁatic voltage change in three—

phase current. = T

20 - SUMMARY OF THE INVENTION

To solve the aforementioned disadvantages,- the present
1nventlon provides, as will be descrlbed in the follow:.ng, a
_ method and an apparatus hav:Lng a funct:.on .Of . automatically :
25 - adjusting a output voltage within a predetermlned range even
when an input voltage 1s increased or decreased beyond the
predetermined range of the voltage in an electr:.c power
saving dev_lce for three—phase‘ current. _
An electric power saving transformer- for three-phase
30 ‘current with an automatic voltage transferring _device, in an
autotransformer of a thre'e'-phase three-wire systeﬁt or a.
‘three- phase :Eour-w:Lre system is character:.zed by phase—_
w1nd:.ng one ‘set or plural sets of main co:.ls which are -
connected to input term:_.nals on a three-—phase core-_type core;

35 "~ connecting plural sets of exciting coils mutually connected
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conventionally instead of; automatic voltage change. in three- phase
current. 20 ~ SUWARY OF THE | NVENTI ON To sol ve the

af orementioned di sadvant ages, the present ~ invention provides, as
Wi |- be destmi$e¥ied FRcWIDM| BAE ngpree-pnase mmwmopwappwaeusmav. ng

la functi Onn@% Sut gEatdrcal 415135@1\%%%95%4&@ Gkt pwhrw' R M

‘pr edet er mi range even i nput voltage is I ncrease or.
decreased begmmeicthen; connegtdogt eﬂmrnéd elacderist swidahss abﬁ!tweelanthe

electric poyels of thSa¥Wa1% d€Yi £ ttﬁgeﬁgﬁgtgﬁx&uré&ﬁs wp chtharéﬁ

el ectric power saving transforner ree- CUFT en
aut ofati c \ﬂ)&imeerQSﬂvaﬂFﬁ‘gbdsedcen |thearvalue dechetcdterdaisf &r el tdga

t hree- phase_thr e r ree- pha wte St - ,
characteri zedb% r %J&é&%&mt% g’l‘ﬁg 1onrr‘?9u e® orouﬁg'r’rg é% "s'l%?i%a n‘lé%l S
whi ch are conne@t:rmgcaad tdlsoqIMedieimg' nhé8weenathler enddace ehecnafne 0 0

COTel S5 oSG CEL RENE oA DR U BRSNS,
t he electric switches stepwise on the same value of voltages or
10 currents between the phases in order to automatically change
output voltage correspondingly to input voltage onto voltage
transferring circuits in an unlnterrupted manner.
According to the electr:.c power saving device of the.'
‘present :anentlon the 1nstant the voltage sensor detects an
15  increase or a decrease of- the input voltage beyond the _'
| predeterm:.ned- range, electr:Lc switches, which receive an
output,_ s;i.gnal | sent from the voltage sensor, control the
combinations of connection of the aforementioned plural sets
 of the exoiting coils so as to'.a'dj"ust the lower-voltage rate
20 - for the :anut 'voltage value in order to be able to constantly '
output the voltage w:.th:.n the predetermined range.
Furthermore, when the output .voltage does not need to be |
decreased, the voltage may be output at the same value as the
input voltage. - ) _ ' '
25 Hysteresis may be .piov'id_ed .by difference between input
voltage values in which a lower-voltage rate is changed, when
the input voltage is being :anreased and decreased, so that
an error made by - the apparatus when the combinations of
connection of the exciting coils are changed is prevented,
30 and the coils and electric switches are facilitated without
being overloaded. _ o a
The stepwise change of the lover-'-vo'ltage ‘rate according
to the input voltage value is effective_-for electric power
' saving. . _ o |
35 The lower-voltage rate of approximate 1% to 10% is
3 _



ends of the main coils by: means of plural conbinations of

connection; connecting pl ural el ectric switches between the ends of
the main coils and the exciting coils which. are 5 switched to OV OFF
based on tusefal ue detected by a voltage - sensor connected to the

P2 ende of PhiadgrRheab co s present, °f3‘r"§§%t€'?nﬁgﬂ%gtéff%si‘v*#?%%?ﬁ;me”

ON/ OFF of é.’twctrlc powelre(itsrl (a mttﬂsnesoﬁtepurse osavied dpnElecteasihg
vol t ages -or curr n_the phases, in order, to autonmticall
change.” the ‘Gt Noffade "o FEcote RS Tl i tes FETREASAY: 2ge
tramssf erriige Garghiid Then pmdwettﬂrrremtradgmn Nesirthermore, thé\cxwleh@g to
the el ectrjc power, savi ce of the sent. i nvention,. the :
‘instant tH& ct’a]g’et%g ‘gg? oaéi:e‘b?'% e t?mat}r(f“ﬁjgés‘@“‘iﬁ ut, the reektege the
i nput vol kagkd XM e predete iRl eFdhded wingsby eties tInflsehdEhes

whi ch receive an . out put. 'signal sent frgmthe voltage sensor,

control tife load fOIE:oW%%TPBﬂ§eoF“EBﬁHEc?’PSﬁeEJf‘ VRrd taos i1dds8 H% ur al
sets nectdsdd¥e, q,\@ytn,@gnggihhéa as to adjust the |lower-voltage rate 20
for the input voltage value in order to be able to constantly out put
t hdOvol tage within the predeterni ned range. ~ Furthernore, when

t he out put vol tage does not need to be decreased, the voltage may be .

out put at IE}}SE ' %ﬁi t voltage. 25 Hysteresis
may be prgw 53 Dy ferenceﬁ‘li‘Ielili\':/\/elg}ﬁm’i1%"'?| voI t age: val ues i n which
a | ower-vol tage rate I $ changed, when t he input voltage is being

i ncreased and T%%C%W’a&? $Hér objectdf £6500r8BUANAY aiarAiRlAldS When
t he conbi nations of ~connection of the exciting coils-are changed is

pr dfent edthgy pregeatt Hventionngidilechei cSesR t dfesTafereren i tat dde
Wi t hout tfollo@ﬁlngg Odé’éé(:jffﬂ‘c’ﬂons taken iHe SoPREsadhangeehl Wik
age rat accor to

| ower - vol the input voltage val ue I's effect ive
for el ect eccoppasying drawmgs. , _ L

Fig. 1 is a circuit diagram of ‘the main part of an

)

automatic  three-phase voltage t:ansferrlng apparatus-
20 = according to the present invention. o -
Fig. 2 is a graph showing the relatlon between 1nput

voltage and output voltage by the apparatus according to the
present invention. . T L _ o

Fig. 3 graphlcally proflles a three-phase current.

25 Fig. 4 is a circuit diagram of the main part of an
automatic' voltage <transferring apparatué .according'.te

- conventional skills. o | ' B

L1, L2, L5, L6, L9 and LlO each stand for main coils, and'

L3, L4, L7, ‘L8, L1l and L12 each stand for exc1t1ng coils.

30 | R, S and T each stand for 1nput termlnals, and r, s and t
each stand for output terminals of transformer.. Sl,'S2, S3

and S4 each. stand for. electrlc sw1tches and C'stands-fof

three-phase core- type core.
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saving. 35 The | ower-vol tage rate of approximate 1%to 10%is

3 useful . According to the present invention as
ideécribed so far, | electric power is, a matter of course, saved by
‘decr easi ng pprarrLept BSR4 OO ICARUNHE CPRSFBER® ENBODIMENT®M Vol t age
‘necessary 5 but within the predeterm ned range. Furthernore, the

vol t age o is facilitated to adjust to automatically output the

vol tage . THal Upresthtn Inpertbder Akl bengdesviebelly békownfwience
on " a load for thr e-%hase current wherein voltage stability is
necessary nE§EBESRFR ﬁl"z&g‘.e f@wings. . BRI EF DESCRI PTI ON OF THE DRAW NGS

The apove and ophgr abjsidws & ealveastaidd heniceshdi mdbn paldte dy esgnt
invention. will be seen in reference to the . foll owi ng descriptions .
taken in ebRAREELCOPOYRE hSaVARY aQPar%&E%nﬁ§ﬁ9Fﬁ¢W&%ﬁﬁng§9 present

Fig. 1is ajgbbfvibndi 28N &h ANPrdRinhidldoOfs 31, 12; LSAULOMBIAG L9,
three-phase voltage transferring appar at us '

L10, connected with input terminals R, S and T of the
'transformer respectively, are phase-wound on a threé-phase

10 - core-type core (C);.and plufal’sets Of,exditing'coille3, L7,
L11 and L4, L8;aL12, cohnectgd'ih series'respectively to wind

on the three—pﬁase'dére§fypeicore (C), are connected between

" the ends of the main coils Lé; L6 and L10 by plural combined
connections. .".'j_F_urthe-J':', an output . terminal t of the

15 - tranéformer is connected between the 'm_ain coil L2 and the.
exciting coil L3, :-'and the- oi:her- output terminals r and s are
connected between the t_néin cbil= L6 and the exciting coil L7

‘and between the m_ain ‘coil L1O ‘and the exciting coil L11

respectively. s o

20 A voltége sensor (nbt shown)ufor_detedting the input
voltage is:designed in a base p_l_a'lie (not shown), in which the
terminal on the probe side is connected to the output
terminals 'of~-the lniié-lin.coil"s_ L2, L6, and L10, and the other

_ terminal on the sigxial output side is connected to electric
25 switches Sli, S.2,._ S3 and sS4 deSign_e_d respectix'rely between the

exciting coils. | o

As shown in Fig. 1, the afo::j_ementi_oned electric switches

S1, S2, S3 and S4 are r'espedtivély connected between exciting‘

coils; the electric switch S1 being connected between the

30 exciting coils L3, L7, i.4 and 18, the electric switch S2
being connected between the _exciting coils L7, Ll1l1, L8 and

L12, the electric switch S3 being connected between the
exciting coils L4 and L8, and the electric sWitch'S4ﬂbeing'

connected between the exciting coils L8 and Li2.
35 . The electric switches are switched to ON/OFF by a

5 .



20 ., according to the present, invention. -~ Fig. 2 is a graph-
showi ng the rel ation between i nput : vol tage and output voltage by the
apparatus according to the present invention. Fig. 3

igr aphi cal Iwmaéelmlaetmwphdsbycthe emlt%e sensor Fitp consral ctheui t

'd| agram- of t

appar at us CJOIP% %f mfilnect(l)‘ﬁ'\}etﬁfl %ﬁ lngétggﬁstﬂém%{'rlrﬁf’z L5,

L6, L9 and:.ﬂ.,lOLEaCIarﬁi ant2f dn reken cnrd:mtandlth the | Besbullt kRat 8héll

and L12 each stand excitin and-T each stand for
i nput t er AHAEE ‘é?li:it?ge lﬁnﬂ“gc’ma!tlcaéighagﬂgﬁa:e%r output termnals of

tragsf.or.ner. _'me $anc%ion andanskfbteack stkedpresepitecinvensibhches, and

C stands for e- phase core-type core .

4 explame‘béﬁiEEowﬁécﬁﬂfﬁrmoﬁr e ﬁFQEF%RREBCENB@IWteS

The preseRind ri\éilrﬁtﬁhV\bétw@éndfﬁﬁﬁtbedlbﬁbéwawat Butput vol't%b@’ ence to the

draw ngs. In this embodiment, COllS are designed to cause voltage

, to drop at 4v(2%) or 8V(4%) for an input voltage at 200v

10 u_nder the condJ.t:Lon that the predetermined lower voltage rate
is defined as 2% and 4%, and the minimum’ voltage value

'necessary for a load is defined as 192V.
In this case the c1rcuit is initially connected to make
the output voltage drop by 8V from the input voltage, and the

15 1nput voltage is going to decrease. More specifically, in .

| the circuit diagram of FJ.g. 1, by the control signal detected
by the voltage sensor designed in the _ba'se plate,-' the
electric switches S1 and S2 are switched to an ON state, and
the other electric 's.wi'tch'es S3 and S4 are switche'd_. to an OFF .

20 - state. , | , '

Here, for_ ekample, when an input 'voltage. ‘of 2_16V is.
loaded, the main coils L1, L2; L5, L6; and L9, L10 are
respectively dropped by 8V _by the .exciting coils i.3,‘ L7 and.
L11 Therefore, the voltage' of 21_0—8=2'02.(V) is ‘output from

25 .'each output termi-nals. r, s and t. As shown ih Fig; '2, this
lower-voltage circuit is uéed_- just before the input'voltage
reaches 200V, in which case the voltage drobe below 192V when
the input voltage is dropped by 8V. - | ‘

When an dinput. voltage reaches ZOOV the clrcuit is

30 - changed to another c:.rcult which drops by 4V. in order to
prevent dropplng the voltage unnecessarlly. The. electric_:
switches S3 and S4 are ON, and the other electric _svri_tche,s s1
and SZ are OFF in the circuit. The 'm.a'in 'co'_ils'Ll,'_'Lﬁ'; hS,
L6; and L9, L10 are respectively dropped' by 4V by the

35 - exciting ooils_ L3, L7 .and L11. = Therefore, the-_voltage of

6



5 . Fig. 1 shows a circuit diagramof the main part of an

el ectric power saving apparatus. according to the present "~ invention
in which plural main coils L1, L2; L5, L6; and L9, LI 0, connected
with-input 209ndndPE RV)Signeutpyt direm each UtV GemERNEGHEct ivedna are

lphase-wound, on a_t -phase:10 re-t o | ur of
exci ting c’g‘f] S %%Q{ﬁ@n L:m. I'::‘l I'lzéng:?ﬂ}%, ng {?fq%%n(%qg: |éjn jzéerl?%%a :
respec% i \éelg}&;sb e foire theé;ermut h@lgdﬁgﬁemamscé:géviépe ttébleh(®$e§tﬂee
connect ed. he ; . e . main 6. ' y,
Sural contiaiEibe arops BfFISEPndic (R BnBAt JobEagt 4 & randedoy
of the 154v.transforner is connected between the main coil L2 and the

exciting coil ang.the,other output termnals nd are . .

connected bet weBIER hd i ARRYF| ortage « kecaher i 1P o) Ehg; cirouit, e
bet ween t heHarded oitolLl8nathetrhecexeuliitng darecltly connectdspectinguy. 20
A vol tage sensor (not_shown)_for detecting the, i nput voltage is '
desi gned i rFeFTHRaL s By & (ﬁh‘%ﬂ T R tRYE Fedtingds T, s and hiimondes ne
probe side 45 pravact edirdPping théPUbltage unhetEsBarilQf. the main coils.

L2, L6, and L10, and the other . termnal ,on_the signal -outgut ‘'side is
condcted to eMAnaaEens hystgresiss dF sprovidedy b gcShghging the

respecti velhnpSintRabrid€of connddtid NEB£CAHS  exciting cois S88WRHAL Fi 9.
1, the aforenentioned electric.swwtches =~ Si, S2, S3 and S4 are
respect i veBFT&3ithdbeda bat e eppprptys Jjudging fhe ghangecefi dnomtch

S1 being copateiedpyehreeAstagtafeousevsl thge &Qilll% 13 .a [fludthaibd- & t he
el ectric switch™S2 — bei ng connected befween the exciting coils L7,
L11, L8 an¥he inpytyvolgage| €&t rthe shikehass editfgnadiatectaed bEhWeedn he

exciying Cghhdckdsatd. LBoad b Nens! Gelddfridl (5 tohdi Bld  coil&0Mst ed
between the exciting coils L8 and L12. ‘35 The electric swtches are
swi t ched tpremegtrdpy a o :
: ' As shown in Fig. 2, the predetermined.input voltage value
for changing lower-voltage rate is different between
decreasing and increasing of the input voltage. The circuit
20 - for 4V droppihg is changed to that for 8V'dropping at 202V of
the input voltage when it is increasing.. | .

As seen, the apparatus according to the present invention”
adjusts the output voltage by means of the above circuit
structure, and since itliS'for three4phase current, timing of

25 switching ON/OFF of the electric switches:ié important.

Specifically, because_each phase is placed with an angle
‘of 120 degrees as shown in Fig. 3, fhe three phases are never
of the same electric 1level 0r the.samé electric current.

.Moreover, in electric éwitches.like thyristors, the three
30 phases may be turned ON at the same time but canhot be'turned

OFF at the same time. In switchihg.ON/OFF of each phase, the

exciting coils become short circuit or disconnécted-for_é

period of one-third or two-thirds of the_cycle,_resuifing in

that it is impossible to change the voltage in each single
35 phase. ' ) '

| 7



vol tage val ue detected by the voltage sensor,.to, contro

5
t he conbi nations of connection of the exciting coils L3, L4, L7,
L8, LI1 and L12 in the circuit, with the result that the out put

.voI tage is aut whetz’ecfa:lﬂqb é!@ho.ausedthers is a tiﬂfd:ewﬁe.mmoomhauwseafrecbtof

the pr esenéheg%lgxge QTeE%r%ﬁelevechPraé ed. el %".’(e‘%{ﬂcr ﬁp‘%&%&%e FSQP

which illu atTon” betheen I"nput "volTage ang
vol t age. 1n Flg. 3Jnthb|@ne§mmhrtnuentimnssaiecue5|gmeratE(nnBEhisltage

to drop at_4 2@6 or 8V(4% for an input voltage at 200V 10 under the - -
condi ti on FHhEB-t he predeterm ned | ower voltage rate is. defined as 2%

and 3% and thnamemyr;runwueht agee vabwer-voltagmc%ser yié oBva | @bdctgic

defined as 192V, In this case 4}

connect ed
vol t age,

specifically, he circujt

|n|t|aIIy

#eihahes S1 and |82 oBrRUPNy 0PRSS Hr ot bR 80eF: SRFthe Aplbe

ansiwéhevéitagel &rattte ve chan 3'eﬂ e rkgz t csplepé Wﬂ:ché@rﬁrom ON
I agram of Fig by the control

si gnal det'E‘Et@HF and S%y’-? hEW'&EFPSSef§%c9FFde§‘Pg9§dWPﬁnt phases T ppade,

t he
‘the other
Herl® for

.the excit

15

pIASELRI SreWolChee Shmdne1823He M sk hasdhe S pderAnd

electrlc switches S3 and S4 are switched to an CFF 20 state.

| QUEFeRE. wWhenonR thitd 9f thgecytlebidiphase R %éoelaasehﬁ mai n
coil's L1, Booh®: dib; tﬁ%‘; é&meL%Qearem levefl€SEECHNE! ¥afbORPEsLbY1 8V by

ing coils L3
current, S2 is kept ON and S4 is kept OFF Next the moment_

phase R and phase S become of the same electrlc 1evel or the
'same electric current S2 is switched from ON to OFF and S4
is switched from OFF to ON. '
Like this, voltage adgustment in three-phase current is
made possible by operating the switches in two steps,-and

thus an electric power saving apparatus is designed.

Since the electric switches are switched stepwise, there.

may - happen an instantaneous unbalance of voltage in phases

accordn.ng to a feature of electrlc switch. However the

" unbalance is really for a short time so that securlty is

30

35

fully provided. .

The electric power sav1ng transformer for three—phase
current with an automatic voltage transferrlng device
according to the present 1nventlon ‘can control the
combinations of connectlon of the plural sets of exc1t1ng
001ls stepwise on the same electric level or electrlc current

of two phases with electric switches between the ends of main

coils and exciting coils which are switched to ON/OFF based

on the input or'output voltage detected by a .voltage sensor..
Accordlngly,_when an. input or output voltage'decreases or
increases so that it is no longer within ‘the predetermlned

voltage range, the circuit is automatically changed to keep

-_the- output vo;tage to be higher than . the predetermined

8



s

L11. Therefore, the voltage of 210-8=202 (V) is output from 25 each
output terminals T, s and t. As shown in Fig. 2, this

L over -vol tage CIrCUIt is used just before the input voltage reaches
200vv|r1vathlnamevbhaagelwagaedE0msabmomd 192V when t he i nput

vol tage is drop b an_in ol,t age, reaches 200V,
the circuit is 'g reoxgﬁarfb’é%t?f)e%?h%t &Y cg?cﬁfoﬁ}fﬁ%% dFo ghﬁgsﬁvgi R3¢ der
to Preyepindt 0ppasN® hepuﬁdatagenuraﬁec'eséaai:dcytmgﬂmﬂgcbbi Cthat
switches S3 and -S4 ar t he ot her el ectric and S2

. a
are OFF|r1?¥£9€§r@ﬁﬁ?cﬁghggﬁaﬁPH§£QEPi13u ?1“95€ﬂe éha?%e Qfd 3put 10
are res peCtx}dPéa/gélrIS&BF&d s tintiihddifs 31 tagX oWwiinggt60a |ﬂd@tuéﬂl@ﬂd‘)f—11

Therefore, the voltage qof

200- 4=196 (WheiinButpyCtasgs cnthet pdke aua e imingked, and thus gan

shown in Righedessdty 108 -¥al Qe eheewirici Sswhtéhes and &ofisbalxse
the i nput voltage reaches 196V, in which case the vol tage drops

bel ow 192V e#esteRtRA nput vol tage is dropped by 5 4V. - \Wen

the input voltaggr eﬁfé@étéﬁﬁi/neéheléﬁéfubbljtage rate changesie t QbgipOt her
circuit,. directly connecting ermnals R Sand T to

nput
out gt ter wmhodinent anddefinedr @s 2% (4V) e8dpréd iV Uir 6pFi AR tinput
vol tage unpeaessalily. 2?7%9 howevelDr 49V &lan hyst @f fally. mPHI¥:! ﬁjldn

changing the | hati ons of connection o e extiting coils so
t hat value and in number of steps, and _further although the

“minimum voltage value for load' has been defined as 192V, the
minimum voltage- value for 1oad can be optionally modlf:Led by
15 a switch (not shown) provided in the apparatus.

While the invention has been partlcularly shown and
described with reference to the preferred embodiment, it will
be understood by those skilled in the art that the foregoing
and other changes in form and details can be made ‘withéut

20 departing from the spirit and sd‘ope of the present invention.

. 30

35



e'rr-oré made by the apparatus judgi ng the change of g nput vol tage by

an i nst ant aneous voltage owing to a fluctuation of the i nput voltage
‘'or the like are elimnated, and thus an 15 unnecessary |l oad on the

el ectric WALhER ‘ahltiL+sH| $53r ¢ prevent ed. ' As shown in
Fig. 2, the predeterm ned input vol t age val ue for changi ng -
Iomer-voltage rate is different between decreasi ng and

i ncreasi ng of- the input voltage. The circuit 20 for 4V dropping is

changed td tha& riethd¥ dfophangiag 2B2éesphase volitege niputarv@legeriben it
IS |ncreasin : O een e_a ratu cc I di .o. he present

| venti on BOVET saying trpSeSEiRe, bRCAN RRMA AR UldLLIAd e L SREN
struct ur e orard thiree-phass fourthiee- p’yasemcucbmgirlsmng l‘ujleofstgps of: '
switching OV COEF of the electric swtch IS, inporta

Speci fi cal |y, BRRSRIZE ALY PRRST% ?ﬁa%e'«se %E)‘é %fpnd'fae"n coils jhigl

degr ees aaz@mnécfe@ ta3, mﬂa@tthéemﬁaaseanaaem&w -phase cddelfigpgane
electric |evel H&? sane Iectrlc current. Moreover, in electric

swi t ches GXE& riﬁﬁ/r o?%anﬁ RTPRFEe 30 phases may be turned ON at the:

sang time but commeitiiey t Wnackhl setdFoMt dxfifiaige doMs, N fiaIiPg -
ON OFF of each phase, the ‘exciting coils beconme short circuit or

di sconnecCeAneGted in serjes. §ooripfAethfi FarerPetiieeni the ends Rf thee,
resul tingmifin coild 1 ndais ofMPBEIEL ecbﬂbﬁhé@ﬁénhhéf\/@drﬁﬂa%ﬁﬂ)&aCh

single 35 cgggzgting plural electric sw1tches between the ends of

the main coils and the exciting coils which are sw1tched to

15 ON/OFF based on the value detected by a voltage sensor

| connected to the input or output terminals of the
transformer; and- o ’ |

_ connecting and'disconnecting between the ends of the main

-00115 and the ex01t1ng coils by sw1tch1ng ON/OFF of the

20 . electric switches stepw1se on the same value of voltages or

currents between the phases 'in order to automatically change

output voltage correspondlngly to input voltage in an

unlnterrupted ‘manner..

25 2. The method of changlng three-phase voltage according to
Claim 1, further‘compr1s1ng hysteres1s prov1ded by difference
between input voltage values in which a 1ower—voltage rate is

changed when the input voltage is belng 1ncreased and

decreased.

30 . ' o . | ) _
3. The method of changing three-phase voltage'acCording to
either Claim 1 or Claim 2, ‘wherein the lower-voltage rate is
changed in plural steps.. ' '

35 4. The method of changing three-phase voltage according to

10



Therefore, because there js a tine when two phases are of t he same

electric level or the sane electric current as shown in Fig. 3, the
present invention switches operate on this time. 5 Nanel y,
when-the | oway- vakt ageclatifn 1st8\Claied,r wherein thevmmbs5v81tagé Hatere
ON, and S3 and S4 are, OFF.. As the | ower-voltage rate is changed to
4V, Sl is siet CREFPHIRANY 1% to 3P%rF and S3 is switched from OFF to ON
when phase T and phase R are of the sanme electric | evel or the same
electric 1 current. . 1ln_one third of he cycle till e R hase
$ belomePl TG BPRET, Mot ke leh, oF B\ fifese-BR8-8"
currest, S2thgekeptir@\ aydtém icr kapt thFée-phiesé, ﬁdur4unm&ntsystem pogse R
and phase S econe.of the sa electric |level or the same el ectric
current, S2tPEeErPPERsy FYFHF N "B $4 15 is switched from OFF to
ON. bhkeselti 6r phliragesadsusEngaini ﬁoihseﬁhpdihS&‘GLtEdeQﬂéctéd _
made possible b eratln he smA ches |n t wo steps, t hus an
electric powerd éBV|n§e§HB JHey on a Zecp FRELPRR-EYRB ri ¢
Swi t ches ar§o§@ngﬁheﬁeskgawg$@¢mb&qre 20 - may happen an instant aneous
unbal ance of voltage_in phases according to a feature of electric

switth,  HowevRtUigd sets ofciicdang sceddsly Mwrualshorerpesdesds {Rat

Security iSgeries, t8!WinB' @hededre between thE'@rRILUS ithd Win SE¥iNg
transf.orner for three-phase 25 current .wth an automatic voltage

transferri gy Beypeeot Pl“ra&CESWHPHQtlﬁﬁs e copnesiionii nvention  can
control ‘the pluralcmd@ﬂ&néw%cﬁégn%ﬂ%rpf tﬁéeeﬂh‘g abf Sehe Ghain

exciting - coil-s stepwise on the sane electric level or electric
current ‘coilgf ando thimsexciting eceéls whinh are peEitekad: ke ONLOBT

M 30 alds SR iy sPtdSealigd 2 oBUides rthddr QbiXdebas eto
the input or output terminals of the transformer so that by o
connecting "and disconnecting between the ends of the main
coils ‘and the exciting.ooils by switching ON/OFF of the
electric switches stepwise on the same valueiof voltages or

20 currents-between the phases in order to automatically_change
output voltage correspondingly ‘to input .voltage in an

uninterrupted manner.

_ 6. The electric power sav1ng transformer accordlng to Cla1m
25 -5, further compr1s1ng hystere31s by dlfference between input
voltage values in which a lower-voltage rate is changed when

-the.inpnt voltage is being increased and decreased.

7. The electric powerlsaving transformer according to any
30 - one of Claim 5 or Clalm 6, whereln the lower- voltage rate is

changed in plural steps.

8. The electric power saving transformer according'to;either
Claim 5§ to Claim 7, wherein the lower-voltage rate is

35 apprOXimately 1% to 10%.

11



bl

on the input or output voltage detected by a voltage sensor.

Accordi ngly, when an input or output voltage decreases or I ncr eases
so that it is no longer within-the predet erm ned vol t age range, the
circuit | AERTRACE iQR| THE CDRSQBUSUBEkKeep 35 ‘the output voltage to be
~hi gher than the predeternined : o 8

. m ni mum vol t age value for a |oad.: Mor eover hysteresis. may
be provided i Rrchahgctgichepower sagfd n&r ppR§oERero kRt thresRhase
exciting cojl . _ dl‘ﬂf‘g A i 45l t
change of c?‘r#ﬁﬁetrﬁggjl% vol taélgté)_ ytrlg{n'%i nst arf%%nrteac})%s vol t%é%c}}ﬁ%’ tr%haé}e
flhu5t uat | auteftransfornere iofpus Vdiregrephase hdhnae-wine oBYRLREL c@T ohd
thus an - _unneces v._LQad o el I Lf ! ANdy$0idis -
pr event ed three-BHEEE “HRUEARE Corkbin?) UX | EhaflLteRIzeANb Rl 1o
enbodi nenwinditef | ond ame?%oid\Planal 4%ets/) of omaikn | gpdds whichy@nege of

200V, however, it can be optionall | f] 1L : X | nber
of  steps, Cﬁ’ﬁ’d‘q‘iﬁetqig:f) *Bpr ohﬁﬁ’“?ﬂélgpgh ée%llr#n?ﬂ?/so? tc\gg:lgj_\e/ta?ltuedfdg:ré*Oad |
ha;s_ beelnI @L@hhggafha? gﬂl\tal heets of extitimg volilagsutubddyl connemteshn be
optionally nodif,ied: 15, ,.a Ltch_(not shown), provided,i '

applr atusin series tquPfietpﬁe%ﬂﬁ\?gﬁﬂ gﬁ%ggrgg)gp(%ga}éfﬂ%u gﬁv{/er%hg:vl\}qe and
dezcrl bedaawgbh sl ehenmeino ddid 9risy emeedsefodilmrdl combihations ofe
under stood by 1 19%%,Sdrithi hg 518541 ' 0L ctPEC" GhFE8hAY betueen the

ends of the main coils and the exciting'COils which are

switched to ON/OFF based on the value detected by a voltage

15 - éénsor' cohnected “to  the input or odtput té:minals;j and
connecting énd_disconnecting between the ends-of the.main'

coils and the.exciting coils, by switching ON?OFF of ‘the
'eiectric_swifches'stepWise on the same.value of ﬁoltégés'or

_ currents.between the.phases in order to automatically changé
20 . output voltage correspondingly to input voltage.ohto:voltage '

transferring“circuits in an uninteirupted manner. =

‘Therefore, when the input voltage decreases or increases,

it is automatically;detectéd and the circuits are changed'sb_

that the output voltage is kept within-the”predetermined

25 optpﬁt- volfége rénée;_ipreventihg the load from being

influenced.

12
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[eer]. = 1. A nmethod of  changing three-phase voitage in an electric

5 _ power saving transfornmer of a three-phase three-wre system or
a three-phase four-wire system conprising the steps of: S
phasé-wi ndi ng one set or plural sets oé&pqln coils which are . :
connected to input. termnals on a thre ase core-type - core in-.the’
transforner; 10 connectlng plural sets of exciting coils,;

mutually - ° connected in series, to wind the core between the ends of .
the ~~  main coils by nmeans of pIuraI conbi nati ons of connecti on;
connectlng plural electric switches bétween the ends of’ " the main
coils and the exciting coils whi ch@EP@ (2 to 15 OV OFF based on

t he val ue detected by a vol tage sen Connected to the input or
output terminals of the transforner; and .. connecting and

di sconnecti.ng between the ends of the main. . coils and the exciting
coils by switching ONVOFF, of the 20. - .electric swtches stepwi se on the
sanme val ue QHLYAUGE@YqsS or currents between the phases in prder to. -
autonatlcally chgngg L out put - voltage - correspondingly to- anut
voltage - in an \Qpinterrupted manner . 25 2. The hod of

changi ng 't hr ee- phase [volig to CrarnTi; fu “_ conprisin
hyst greg| S prov|pded Wﬂﬁnyjt‘r‘dw hetween input volj 'ue‘rsrpi n J _
whi ch -a | ower-vol tag raté\k§ changed when t he |npﬂﬁ voltage i's being

increased and - RN T S
AN S 7 A

_\\S o ' ‘_,/(.
PREDETERMINED |, - -

MINTMUM VOLTAGE [ OUTPUT VOLTAGE
1980 - * -

1890

 TIME



&

decreased. 30 3. The nmet hod of changing three- phase voltage accordi ng

to. ° either aiml or daim 2, wherein the |ower-voltage rate is
changed in plural steps. 35 4.  The nethod of changing three phase
vol'tage according to 10.

any one-of Claim1l to Cla|n13 wher ei he | ower-vol tage rate i's
approximately 1%to 10% 5 7A£ el ectric power saving transforner.
of a three-phase 5 three-wire systemor a three-phase four-wire system
for ". three-phase current, conprising : one set or plural
sets -of main coils which are connected : ~to input termnals to

phase-w nd on a three-phase core-typ core in the transforner; 10
plural sets of .exciting coils, nutuaf connected in ' seri es, to wind
the core -between the engds..of...8e~.mai Qi.l.s.....%...... by neans of plural- '

conbi nati ons of connecti on; ~J Fplural glectric switches between the
ends- of -the main o - )

-
-------------------------------------------------

<FIG. 3




.coils by switching ONV OFF of the

céiLs and the exciting cpils which are switched to-OVOFF 15 . based on
the value detected by a voltage sensor connected to the input or
ow put termnals of the transfornmer so that by connecting and

di sconnecti ng between the ends of thal coils and the exciting
electrlc swi tches stepwi se on the

sane val ue of voltages or 20 currents between the phases in order to

. automatical l.y change out put- vol tage correspondingly to input

voltage in an ©uni nterrupted manner. 6. The electric power
saving transforner according to-Claim25 5, further conprising
hysteresis by difference between input vol tage values in which a

| ower-voltage rate is changed when . the input -voltage is being

‘increased and decr gasedt—— 7 1he erectric power. savi transf or ner

according to any 3p - one of daimb5 or daimé6, wherein th ogr - volt age
rate i s chanped in plural steps. : . 8. The electr power.
saving transformer]accorffing to elther wherein

the lower-voltage fate ip 35 ° ‘approximately 1%to 10% . ~

.l;
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