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1 DESCRIPTION TRANSFORMING APPARATUS FOR
AUTOMATICALLY ADJUSTING THREE-PHASE POWER SUPPLY
VOLTAGE 5 TECHNICAL FIELD The present invention relates to a
transforming apparatus which automatically adjusts the voltage of
three-phase power supply led into a power consumer site 10 to within a
target voltage range lower than its rated voltage and supplies to load

equipment, and particularly lﬁg?ﬁgﬁ,tﬁ% rming apparatus which has a
Y-connection three-phase transformer as its basic configuration.

BACKGROUND ART 15 In, for example, hotels, supermarkets, factories,

etc., lighting equipment, air conditioning equipment, power equipment, or
TR OSBRI N SR RIS HARGS REL() PeLR T TN
general powegRansUMRESs Raveowinngly e¢ognized thearegessity for
energy saving 20 measures, and various measures have been come up

with and are being carried out. One of energy saving measures adoptable

by general power consumpers;iga kRewe sehyeme where the electricity
receiving system leading commercial power supply into 25 indoor

eqUipmemisprevidediwitetht tiensfoediag appdratusdidciosed firrming

Japanese Pa&ﬁmt No. 2750275 ar N0..3372178, which automaticall
APETEEE 1o VATAE oF DO AR Bty SIS S vatice eiraee of

thpeeepihlower tandis wigsbicjiiaye antkstipplied todead cithequipsresti te

topgzéﬁggﬁ; target voltage range lower than its rated

voltage and supplies to load equipment, and particularly

to such a transforming apparatus which has a Y-connection

three-phase transformer as its basic configuration.
BACKGROUND ART

In, for example, hotels, supermarkets, factories,
etc., lighting equipment, air conditioning equipment,
power equipment, oxr the like consumes a large amount of
electric power. Recently, such general power consumers
have strongly recognized the necessity for energy saving
measures, and various measures have been come up with
and are being carried out.

One of energy saving measures adoptable by general
power congsumers is a known scheme where the electricity
receiving system leading commercial power supply into
indoor equipment is provided with the transforming
apparatus disgclosed in Japanese Patent No. 2750275 or
No. 3372178, which automatically adjusts the voltage of
commercial power supply to a voltage several percent
lower than its rated wvoltage and supplies to load

equipment.
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2 In areas which are inferior in the stability of power generating facilities
and power distribution facilities, power supply voltage at receiving points
of power consumers is not stable arid often fluctuates over a 5 voltage
range slightly higher than the rated voltage. In such a situation, by
supplying power supply whose voltage is automatically adjusted by a
transforming apparatus to a voltage several percent lower than the rated

| lgad ey i | '
vo ?Iggltzoeg% cﬁ%gl d %@e@ﬂ%‘%@é&%nl%%wbé’ £ 1461934 GOUPREYe »

is greatly re s producing an especially large energy Saving
g epliect HAISE IFASUIR E tCiFe BHINIA yleW O N i]Ptobldmgs tbdoe Seledd- by thes .

invention] The transfQrming apparatus dis¢losed in aboye-cited
po?ffpranéss'grﬁ’afgnt I‘\I’S’Sﬁ%gfm%ﬁtorﬁgﬁfaﬁy affstFRa nv%ﬁagg of POWeE
c othgesnphase powaLpRly 4 Wihin A darga twliagel raage wes thar éhe a
rated voltage and supplies to load equipment. However, the windin

o d S TBErTBR (T HIIIRCP HGRFR (HE B AndiBiinig SEchr e 50%e -
"R ey -cannegiondi! aspecialegaigurpliop oyaare etk e
magnetic flux of each phase are combined with those of the other _
vopliases, ahg hgmﬁeqmag:éﬂ@hwbw oﬁfﬁd}hﬁ@ aésid:rﬂts@v;n"d#wrﬁeiwmxg
=pPagnelie iyt 50 85 lo.adeve dosied 28 charagerisics. e dityeene

ESnventiona transforming gpparatus is configured to change Its
rattadbfargibtiag eharactetstid byavitchnoeqn/gibsar pluratibpafemgithiesn by

connecting the different phases in combina%%], ang thlij_-shthe switctaBO ,
thifedRAG b8 SRIBMRF /3P afF ARG ¥nd BT ge F U Producing

an especially large energy saving effect.
DISCLOSURE OF THE INVENTION
{Problems to be solved by the invention]

The transforming apparatus disclosed in above-cited
Japanese Patent No. 3372178 automatically adjusts the
voltage of three-phase power supply to within a target
voltage range lower than the rated voltage and supplies
to load equipment. However, the winding configuration
of the transformer used in this transforming apparatus
ig not in the Y-connection but a special configuration
where the current and magnetic f£lux of each phase are
combined with those of the other phases, and hence it
is extremely difficult to design its winding circuit and
magnetic circuit 80 as to achieve desired
characteristics.

The above conventional transforming apparatus is
configured to change its transformation characteristic
by switching on/off a plurality of switches connecting
the different phases in combination, and thus the switch

needs o be gawitched on/off at a timing that the voltage
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PCT1447_e 3 between opposite ends of the switch (voltage between
different phases) becomes zero. Hence, a switch control circuit thereof is
complicated, and thus it is difficult t@secure the stability and reliability of
switching 5 operation timings. An object of the present invention is to
provide a transforming apparatus with a Y-connection three-phase
transformer as its basic configuration which automatically adjusts the

be X008 OblerRAce SOUET HEsunRl 13 yiiliaR 136k Yllade FlGeen
lower than'the rated voltage and supplies to load equipment. [Means for
di §dleing tHe phoblensd] A sransfesnimgrappardenascordisytbtthé pregenrol

. invention s charagterized by the following items 15,10 (22): (1)-hein
SRR AR SRS R GRS k E
t o PRAERISHRPIY IoMpEisiE 1Hree inpuideneinala tRin, iSig, KWiF), éwmdecching

output terminals (Rout, Sout, Tout) a Y-connection 20 three-phase
OPEAdtATer B &HRHHroup, and a switch switching circuit; (2) the three

inpyiiegBinalsd Rk Sif d IR FesPREEY OANeded & Brea/nal a
lines of the three-phase power supply; 25 (3) the three output terminals
t r (RouE SUUL T RPN Busnatiddira Yosrianataiptide At theee -phase

e e L A B T
automatically adjusts the voltage of three-phase power
supply to within a target voltage range lower than the
rated voltage and supplies to load eguipment.

[Means for solving the problems]

A transforming apparatus according to the present
invention is characterized by the following items (1)
to (22):

(1) being a transforming apparatus automatically
adjusting the voltage of three-phase power supply
comprising three input terminals (Rin, S8in, Tin), three
output terminals (Rout, Sout, Tout), a Y-connection
three-phase transformer, a switch group, and a switch
gwitching circuit;

(2) the three input terminals (Rin, Sin, Tin) being
respectively connected to three main lines of the
three-phase power supply:

(3) the three output terminals (Rout, Sout, Tout) being
connected to a load installation;

{4) the Y-connection three-phase transformer comprising
a core, an R-phase winding circuit, an S-phase winding
circuit, and a T-phase winding circuit;

(5) in the R-phase winding c¢ircuit, an R-phase main
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30 (5) in the R-phase winding circuit, an R-phase main PCT1447_e 4
winding, an R-phase first auxiliary winding, an R-phase first switch, an
R-phase second auxiliary winding, akd an R-phase third auxiliary winding
being serially connected in that order between the input terminal Rin 5
and a neutral point 0, the output terminal Rout being connected to the
other end of the R-phase main winding; (6) an R-phase second switch of

wi D@ SMCh LEoHR BRing Connestedin parallgl mith,a saesCirclt of hase
R-phase first auxiliary winding and the R-phase first 10 switch; (7) an

f i Rythasw itichswitch & tdewiechsgrogm Being*cbhhectard WHipatamg witand
a seri ircuit of.th -ph irst auxiliary winding, the. R-phase first

e R R B L a1y

cofomieth swilch of thikastvitslr deatipoesting: eonndotedimppatalleewiti aséridsin
circuit of the R-phase second auxiliary winding and the R-J%hase third

angd, R RibiY: RS itheB-phdd WiRFRGEirduiTiH 8HhaBOhai 84 29

co¥indifgeadn Sophase trehailianaveing &S phasee fisl SWiRh.dting;
S-phase second auxiliary winding, and an S-%hase third auxiliary winding
(6Deing sRri@BaEshrieeremd il ideR bedveeh th& hbEFRnARAPSnP & g

colgJeHIR Point g;_,mfaqtﬂetit tepning! Sputheing2s copnediadto e tpe

other end of the S-phase main winding; (10) an S-phase second switch of
R -thbasadtclf jrosp beingl édmertedimgddmtic] st atdeeieB cipdatsof tel rst
sw§-@§gs;e first auxiliary winding and the S-phase first
(7) an R-phase third switch of the switch group being
connected in parallel with a series circuit of the
R-phase first auxiliary winding, the R-phase first
switch, and the R-phase second auxiliary winding:
(8) an R-phase fourth switch of the switch group being
connected in parallel with a series circuit of the
R-phase second auxiliary winding and the R-phase third
auxiliary winding:
(9) in the 8-phase winding circuit, an S-phase main
winding, an S-phase first auxiliary winding, an S-phase
first switch, an S-phase second auxiliary winding, and
an S-phase third auxiliary winding being serially
connected in that order between the input terminal Sin
and the neutral point 0, the output terminal Sout being
connected to the other end of the S-phase main winding;
(10) an S-phase second switch of the switch group being
connected in parallel with a series circuit of the
S-phase first auxiliary winding and the S-phase first
switch;

(11) an S-phase third switch of the switch group being
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switch; 30 (11) an S-phase third switch of the switch group being
PCT1447_e 5 connected in parallel with a series circuit of the S-phase
first auxiliary winding, the S-phase figst switch, and the S-phase second
auxiliary winding; (12) an S-phase fourth switch of the switch group being
5 connected in parallel with a series circuit of the S-phase second
auxiliary winding and the S-phase third auxiliary winding; (13) in the

T-phase winding circuit, @ T-phase main winding, a T-phase first auxiliar
C°§Mﬁ%ﬁ‘n“-’g‘? Tgp‘ﬁas%afﬁ %ﬁs? 3s’wi"fEfﬁ t I<';iHT-zf:7‘)hassg gggosf]d ‘gﬁf(:i flzavffi gvinﬂ%gﬁ%e
s - phd 8d -phasesthirdhaiidlinnawinding being serialyheonsegiedhinghat irs t

order between the input terminal Tin and the neutral point 0, the output

swigiihal PAR bERG SorReRe 1S feViter 2R dthE T pEsB MiHe *
(19indipg:glodi 4k Trhase sesondatcheofihe suifeh aRUPRSING being
connected in parallel with a series circuit of the T-phase first auxiliary
confreiirigehd itre TPt ¥iest swith (1B) £ ephase thike swildh oPfhe the
_Switch gr iRg_2 ' I ' lescCitcit qf t :
s R R e R M R e f e =
ausdcbhd auxiWdrg ddnding; (16) a T-phase fourth switch of the switch group
(1§§ing, connected in parallel Wi,th§,series circuit of the 25 -ph%ie second.

xilify Wiftding"amrhe & -phaBE it SUkFisS Windidy; (17 the Switth
wiS\WitGhiNg Gircyit podwding ikt auxiliary winding, a T-phase
first switch, a T-phase second auxiliary winding, and
a T-phase third auxiliary winding being serially
connected in that order between the input terminal Tin
and the neutral point 0, the output terminal Tout being
connected to the other end of the T-phase main winding;
(14) a T-phase second switch of the switch group being
connected in parallel with a series circuit of the
T-phase first auxiliary winding and the T-phase first
switch;
(15) a T-phase third switch of the switch group being
connected in parallel with a series circuit of the
T-phase first auxiliary winding, the T-phase first
switch, and the T-phase second auxiliary winding;
(16) a T-phase fourth switch of the switch group being
connected in parallel with a series circuit of the
T-phase second auxiliary winding and the T-phase third
auxiliary winding;
(17) the switch switching circuit controlling the
switches based on the wvoltage levels of the output
terminals (Rout, Sout, Tout) or the input terminals (Rin,

Sin, Tin) to switch between first to fourth modes in an
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switches based on the voltage levels of the output terminals (Rout, Sout,
Tout) or the input terminals (Rin, 30 Sin, Tin) to switch between first to
fourth modes in an PCT1447_e 6 af#ternative manner; (18) in the first
mode, the first switch of each phase being ON, and the second, third, and
fourth switches of each phase being OFF; 5 (19) in the second mode, the
second switch of each phase being ON, and the first, third, and fourth
algvgitchg i),{fgar%h Bgaese_being OFF; (20) in the third mode, the third
SWitch of each pﬁase Eéing ON, and the first, second, and fourth switches
(18f lDeach phade-baing&fE; (21 én thedewrthsmbde the foustcdwichoé e
each phase being ON, and the first, second, and third swjtches of each
be P& PHeing B RAGZSARE swhb SMtcmRfcFARSARCRID P RFANE &
eadd syHehes of gaghyphsse at a timing that the voltage instantaneous
value of the phase becomes zero to switch the modes. BRIEF

(1BESCRIFTRORPOPTHEORAWNGSTICORR & Whidily ednfiffltigase
beFRGBHOT 3,40 EANSTYIING APRAGIYG 2CCEANG £3,37 MPQIIMERLAS o ¢

the™ present invention; FIG. 2 is a configuration diagram of a core
eaadcopdiag €0 theigngbddifRent of the present invention; FIG. 3 shows the

(2§3rigsretien ola suehsuiching, 256leulesrordng osbe cmhedme.
being ON, and the first, second, and fourth switches of
each phase being OFF;
{21) in the fourth mode, the fourth switch of each phase
being ON, and the first, second, and third switches of
each phase being OFF; and
(22) the switch switching circuit switching on/off the
switches of each phase at a timing that the voltage
instantaneous value of the phase becomes zero to switch
the modes.

BRIEF DESCRIPTICON OF THE DRAWINGS

FIG. 1 is a winding configuration diagram of a
transforming apparatus according to an embodiment of the
present invention;

FIG. 2 is a configuration diagramof a core according
to the embodiment of the present invention;

FIG. 3 shows the configuration of a switch switching
circuit according to the embodiment of the present
invention;

FIG. 4 is a flow chart of the process procedure by
a microcomputer 82 in the embodiment; and

FIG. 5 shows an example configuration of one switch

and its corresponding part in the switch switching
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FIG. 4 is a flow chart of the process procedure by a microcomputer 82 in
the embodiment; and FIG. 5 shows an example configuration of one
switch 30 and its corresponding part in the switch switching PCT1447 e
7 circuit. [Explanation of Reference Numerals] Rin, Sin, Tin Input
terminal Rout, Sout, Tout output terminal 5 10R R-phase main winding
11R R-phase first auxiliary winding 12R R-phase second auxiliary
ClWIndl 13R R-phase third auxiliary winding 21R R-phase first switch 10
Jéﬁl}%JR -phase second switch 23R R-phase third switch 24R R-phase
[ Efqpitthrsavittlo rl 0S£S-Bledsermaain evitding: £ ESL 8dphase first auxiliary
winding 15 12S S-phase second auxiliary winding 13S S-phase third
RiBexifard wincing 21 8REShdsdPétfufch 225 S-phase second switch
Roﬁ%S Sgphase th;rlagkﬁywtodaua(g,aﬁs Sepmba dourth switch 10T T-phase
main winding 11T T-phase first auxiliary winding 12T T-phase second
10ByxRapRRsBndras® T3REL MG rd auxiliary winding 25 21T T-phase first

118Witg phase

first auxiliary winding

12R R-phase second auxiliary winding
13R R-phasge third auxiliary winding

21R R-phase first switch

22R R-phase sgsecond switch

23R R-phage third switch

24R R-phase fourth switch

108 S-phase main winding

118 S-phase first auxiliary winding

128 S-phase second auxiliary winding
138 S-phase third auxiliary winding

218 S-phase first switch

225 S-phase second switch

23S S-phase third switch

248 S-phase fourth switch

10T T-phase main winding

11T T-phase first auxiliary winding

12T T-phase second auxiliary winding
13T T-phase third auxiliary winding

21T T-phase first switch

22T T-phase second switch

23T T-phase third switch

24T T-phase fourth switch

5 Core

5R R-phase winding portion
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22T T-phase second switch 23T T-phase third switch 24T T-phase fourth
switch 5 Core 30 5R R-phase winding portion PCT1447 e 8 5S S-phase
winding portion ST T-phase winding $ortion 8 Switch switching circuit 81
Voltage detecting circuit 5 82 Microcomputer 83 Drive circuit 51, 52
Thyristor 53 Gate signal generating circuit 54, 55 Voltage detecting circuit
10 BEST MODE FOR CARRYING OUT THE INVENTION ===Outline of

5sth%t[%q?;g@iqgiqﬁpﬂp&u%ggfégnl shows the winding configuration of

a transforming apparatis according to the present invention, and FIG. 3
5T sh8wg Hressonfigurdtiongofpesmiitth il 5 switching circuit 8. First, the overall
8 o] tlin%o%this trgnﬂormin%a@paratgs will be described. This transforming

a vaé"r fui c%‘r"’rﬁ)rlgeslt'ﬁ?ee |ﬁptft“t1erminals Rin, Sin, Tin connected
8 1respstivedetodha: dhree mpincineswof three-phase power supply and

three 20 output terminals Rout, Sout, Tout connected to a load
82 HHREAT FRAR HaRSforming apparatus switches between a first mode

g 3Whgie; the outpLt uqliage is made about 2% lower than the input voltage,
a second mode where the output voltage is made about 4% lower than
51theb@putThyristor

53 Gate signal generating circuit
54, 55 Voltage detecting circuit

BEST MODE FOR CARRYING OUT THE INVENTION
===0utline of the transforming apparatus===

FIG. 1 shows the winding configuration of a
transforming apparatus according to the present
invention, and FIG. 3 shows the configuration of a switch
switching circuit 8. First, the overall outline of this
transforming apparatus will be described.

This transforming apparatus comprises three input
terminals Rin, Sin, Tin connected respectively to the
three main lines of three-phase power supply and three
output terminals Rout, Sout, Tout connected to a load
installation. The transforming apparatus switches
between a first mode where the output voltage is made
about 2% lower than the input voltage, a second mode where
the output voltage is made about 4% lower than the input
voltage, a third mode where the output voltage is made
about 6% lower than the input voltage, and a fourth mode
where the output voltage is substantially equal to the
input voltage in an alternative manner.

The transforming apparatus comprises, as its basic

configuration, a Y-connection three-phase transformer
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25 voltage, a third mode where the output voltage is made about 6%
lower than the input voltage, and a fourth mode where the output voltage
is substantially equal to the input voftage in an alternative manner. The
transforming apparatus comprises, as its basic 30 configuration, a
Y-connection three-phase transformer PCT1447_e 9 made up of an
R-phase winding circuit, an S-phase winding circuit, and a T-phase

ma §EdiR0 Greult. whigh arg %‘%n%‘{r;;megi n.qenligyration,as spawn 0 FlGrdli ng
=== -pﬁase windig circuit===5 I the R-phase winding circuit, an

ciRephise maid vending halk carwRphaserfirstiatodiaty, wwtihgll 1Ryan the
R-phase first switch 21R, an R-%hase second,auxjliary winding 12R, and

sang ol LeHhAEAFARAARINIIRE 15RC%R sdfalf t3nnected in that

- = Qidep hatweeqn thednpy 104einal Rinand a neutral point 0. The output
terminal Rout is connected to the other end of the R-phase main winding
10RBANRSh FsPder 850 ieA DBR iCddim¥dtEd in®FarRiePRAT S sdfet?

wi G Of 1 R-phase fitela 1o apxilary wigding 11R-gng ihesRsnhasedirstan
switch21R. An R-phase third switch 23R is connected in parallel with a
R - pdvies eirfdirefthe Ripiwise 2ilsk audbar} wihding 1SR cha R-prast fitary

wi S\_gri)gffzggzeﬁ%ian datzra]éc F? ézléa—s § 1'§ g (s:%nq: %Li)g‘lgl % Wﬁﬁj\%ﬁgﬁ%ﬁ \«?ion%r}. ng 13R

ourth sw iS’connected in para aseries circuit of
arthedR-phaseisecond naixtiary \Windifyal? Rantethe b phaserthicd auxilary t
te\gmid:iggll%%n and a neutral point O. The ocutput terminal
Rout is connected to the other end of the R-phase main
winding 10R.

An R-phase second switch 22R is connected in
parallel with a series circuit of the R-phase first
auxiliary winding 11R and the R-phase first switch 21R.

An R-phase third switch 23R is connected in parallel
with a series circuit of the R-phase first auxiliary
winding 11R, the R-phase first switch 21R, and the
R-phase second auxiliary winding 12R.

An R-phase fourth switch 24R is connected in
parallel with a series circuit of the R-phase second
auxiliary winding 12R and the R-phase third auxiliary
winding 13R.
===8-phase winding circuit===

In the S-phase winding circuit, an S-phase main
winding 108, an S-phase first auxiliary winding 11S, an
S-phase first switch 218, an S-phase second auxiliary
winding 128, and an S-phase third auxiliary winding 135
are serially connected in that order between the input

terminal 8in and the neutral point O. The output
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===S-phase winding circuit=== 25 In the S-phase winding circuit, an
S-phase main winding 105, an S-phase first auxiliary winding 11S, an
S-phase first switch 215, an S-phasé®&econd auxiliary winding 123, and
an S-phase third auxiliary winding 13S are serially connected in that order
between the input 30 terminal Sin and the neutral point 0. The output
PCT1447 e 10 terminal Sout is connected to the other end of the

- inwindi . - e it ' 16
e e R R e g Tie
madnd therSipaselvs switch 21$. An S-phase third switch 23S is _

connected in parallel with a series circuit of the S-phase first auxiliar .

windfy TEPPE Lo B R S and 2 S ot SIBERGed in
pa2alibey wigding 135. 40ANeS-phasedaurth syiche2dS i comipstedfi rst

parallel with a series circuit of the S-phase second auxiliary winding 12S

augid Ry pHiSihitg atkRaRP Fikdify §38hass fidtvinihgch 218
circyitr== ba Hsbe T-phase winding skaui, 2 Lhbase main jwindingh0le 1

a T-phase Tirst auxiliary winding 11T, a T-phase first switch 21T, a
witiphasesscbrd addlizep indrfy BiTe afd rghasd thrgurinary l iary

inPVi ging 131 are %%{E‘"yscmoé‘ﬂ%%t%g ;@E@%@rdSM%‘Hﬁe“ﬂ% NPY2Y tne
erminal Tin and the neutrarl point 0. The output terminal Tout is
S - e eted éa thedtbarehll Di he Twhkasbnaih2dnding 10T.

An S-phase fourth switch 248 1is connected in
parallel with a geries circuit of the S-phase second
auxiliary winding 128 and the S-phase third auxiliary
winding 138S.
===T-phase winding circuits==

In the T-phase winding circuit, a T-phase main
winding 10T, a T-phase first auxiliary winding 11T, a
T-phase first switch 21T, a T-phase second auxiliary
winding 12T, and a T-phasge third auxiliary winding 13T
are serially connected in that oxrder between the input
terminal Tin and the neutral point O. The output
terminal Tout _is connected to the other end of the T-phase
main winding 10T.

A T-phase second switch 22T is connected in parallel
with a series circuit of the T-phase first auxiliary
winding 11T and the T-phase first switch 21T.

A T-phase third switch 23T is connected in parallel
with a series c¢ircuit of the T-phase first auxiliary
winding 11T, the T-phase first switch 21T, and the
T-phase second auxiliary winding 12T.

A T-phase fourth switch 247 is connected in parallel
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A T-phase second switch 22T is connected in parallel with a series circuit
of the T-phase first auxiliary 25 winding 11T and the T-phase first switch
21T. A T-phase third switch 23T is cbhnected in parallel with a series
circuit of the T-phase first auxiliary winding 11T, the T-phase first switch
21T, and the T-phase second auxiliary winding 12T. 30 A T-phase fourth
switch 24T is connected in parallel PCT1447_e 11 with a series circuit of
. T-phase.seco illary winqing, 12T the T- hi ili
e AL S R
w i fofirhrod alaeamadl SitbeTV-phaneetivh thrdegimadd transfovmerdTng 13T.
windings _10R, 11R, 12R, 13R of the R-phase winding circuit are wound
== SR0AT BA R-SHasE Wikding fértion 5R of the core 5. The windings 105,
1155525, 13SsH dhasSahase wipshng skcubhare ftmdaFountate 5 of
S-phase winding portion 5S 10 of the core 5. The windings 10T, 11T, 12T,
thes¥-of AR §HRRe® WiRHiIRG chRAAESRbFGIME SPEMRS: T-phageWiidigs s
10RO"igR RT of e corgsy. T3~ Quilinegol swilchswiching ticut 83kl Gare
3 shows an example of the configuration of the 15 switch switching circuit
wogritheaswitthdwatshRgpdircai Swd vdtifigaragas viopitoblheablthye core
levels of the gutput inalg Rout,.Spu ut and.contro roup.Q
> sw?et(%heegw 3?&%???0%@2/%&?&%3’\/;%% Hetlgr%t ?o% fglﬂ%@m"c#d%ggfnea‘ﬁng%ng
cialtaidative Mearneaadch hat 2@ theno g pytivaliagevis mdthinga portion 58

predetermined target voltage range.
f the core 5. The windings 10T, 11T, 12T, 13T of the

o
T-phase winding circuit are wound around a T-phase
winding portion 5T of the core 5.

z==Qutline of switch switching circuit 8===

FIG. 3 shows an example of the configuration of the
switch s8witching circuit 8. The switch switching
circuit 8 is configured to monitor the voltage levels
of the output terminals Rout, Sout, Tout and control a
group of the switches of FIG. 1 to switch between the
first to fourth modes in an alternative manner such that
the output voltage is within a predetermined target
voltage range.

In the firgt mode, the first gswitch 21R, 218, 21T
of each phase becomes ON, and all the other switches (the
second, third, and fourth switches of each phase) become
OFF. In the first mode, the output voltage is about 2%
lower than the input wvoltage.

In the second mode, the second switch 22R, 225, 22T
of each phase becomes ON, and all the other switches (the
first, third, and fourth switches of each phasge) become

OFF. In the second mode, the output voltage is about
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In the first mode, the first switch 21R, 215, 21T of each phase becomes
ON, and all the other switches (the second, third, and fourth switches of
each phase) become 25 OFF. In thé first mode, the output voltage is
about 2% lower than the input voltage. In the second mode, the second
switch 22R, 22S, 22T of each phase becomes ON, and all the other
switches (the first, third, and fourth switches of each phase) become 30

4%Ofgwgghgﬁgqpngﬂgo%mo@%%ﬁ/ ljage is about PCT1447_e 12 4%
lower than the input voltage. In the third mode, the third switch 23R, 235,

23TLof ¢doh fhase Sesordes Olhand bi thd cthek salitcRER(the Jikst, 23T

secorgld ede fourth swﬂche% f each philie)tl%%acom 50FF n ti}gaethlrgjt e

de” the 80Pt VoIage 1s about 8% Fower than t eienlﬁ)ugiv{r/%

fiimxtth mede ik feiidd swittht:2MMBWAdS:R4E offtachcihasesheshniasc ome
ON, and all the other switches (the first, second, and third switches of

OFEach BRadd BetBrhedmeee - Ian@f&Hﬁw%é’%t&ﬁﬁuﬁ\ﬁ)lﬁﬁgﬁ’st 6%

1 oweistantially eaual tofhe inpybialtage ===Details of switch switching
circuit 8=== As shown In FIG. 3, the switch switching circuit 8 comprises

a voltagb et eing elciirde -a tisemfcedcokip LRat g Bnd SRorivedchrcud ¢ T
o £ 83 e ypliane deleginacisgit 81, defects fievgiage leysls ebhes (ene

output terml als Rout, Sout, Tout and inputs a detection signal to the

f i microcanpuiedd2. Retfdrimingda procesh sbowh ie dehfleh slar) obBkme
OFﬁH léased on thehdete t(ljolgrqu&gnal <{ré)'m tq:ehvgltag% Qgtggtm% 8T%uétg8él’ is
subsgtantially eqgual to the input wvoltage.
===Details of gswitch switching circuit B===

As shown in FIG. 3, the gwitch switching circuit 8
comprises a voltage detecting circuit 81, a
microcomputer 82, and a drive circuit 83. The voltage
detecting circuit 81 detects the voltage levels of the
output terminals Rout, Sout, Tout and inputs a detection
signal to the microcomputer 82. Performing a process
shown in the flow chart of FIG. 4 based on the detection
signal from the voltage detecting circuit 81, the
microcomputer 82 inputs control signals to the drive
circuit 83 to switch between the first to fourth modes
in an alternative manner. According to the control
signals from the microcomputer 82, the drive circuit 83
switches on/off the first to fourth switches 21R to 24R
of the R-phase, the first to fourth switches 218 to 248
of the 8-phase, and the first to fourth switches 21T to
24T of the T-phase as described above.

An example of the process procedure of the

microcomputer 82 will be described with reference to the
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microcomputer 82 inputs control signals to the drive circuit 83 to switch
between the first to fourth modes in an alternative manner. According to
the control signals from the microcdputer 82, the drive circuit 83 25
switches on/off the first to fourth switches 21R to 24R of the R-phase, the
first to fourth switches 21S to 24S of the S-phase, and the first to fourth
switches 21T to 24T of the T-phase as described above. An example of

£1{1¢ BIOLESS RpGedure of thepgQ 'M%@&S@B%%ﬁl%?e\é’”h*%e dergibed with, o
reference to the PCT1447 e 13 flow chart of FIG. 4. The microcomputer

préz rempardsthe gerbgvaniined targek yaltaged drige dekthe tetestiphgnal

signal _from the vpltage detecting cjrcuit 81, thereby, monitoring whether
frﬁwlge ou gb? vol?gcf;ef ?sa%ﬁher%? o%v%l? E4fan the Fa?gelti%/oltagg%'rangte éf:e%lsw
moA i@ ard A20wHER Ovtply Alage ischigherdharetiestargeth valtage lower

range, the process proceeds to a voltage lowering routine of step 411 and

thagertihghd G31GGE 10URHRE FButiFR Il E&F&Rly i thedbdttithlde
(0%qrgodep.el 0dhe BarsirBiet ignadesto swikaelp thesfiyst neerde (e get

mode); when currently in the first mode (-2% mode), to switch to the
voddmng madd £4% B ane SUBAPaRRASY TR he Sddomd bey £BdRg

rom@%)%t% %WLI%%%) %fihmm%%%"@ mede). 42 t1hs pLput yQlage i3, o

ower than the target voltage range, the process proceeds t6 a voltage
rofasing rowtinenf step ¥t whg ldter. trhihe Foltagelraismderottifie viba) ,

enEY e i mode, (4694 10dek g TRDIT e 1R DR 32

mode) ; when currently in the firgt mode (-2% mode), to
switch to the second mode (-4% mode) ; and when currently
in the second mode (-4% mode), to switch to the third
mode (-6% mode).

If the output voltage is lower than the target
voltage range, the process proceeds to a voltage raising
routine of step 421 and later. In the voltage raising
routine, when currently in the third mode (-6% mode),
the transformer is made to switch to the second mode {(-4%
mode) ; when currently in the second mode (-4% mode)}, to
switch to the first mode (-2% mode); and when currently
in the first mode (-2% mode), to switch to the fourth
mode (0% mode).

==Specific example of switches and drive circuit 83===

As described above, the twelve switches are included
in the circuit of the Y-connection three-phase
transformer shown in FIG. 1, and these switches are
individually switched on/off by the drive circuit 83
shown in FIG. 3. The twelve switches and their

respective circuits in the drive circuit 83 are the same
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20 mode); when currently in the second mode (-4% mode), to switch to
the first mode (-2% mode) ; and when currently in the first mode (-2%
mode), to switch to the fourth model@% mode). ===Specific example of
switches and drive circuit 83=== 25 As described above, the twelve
switches are included in the circuit of the Y-connection three-phase
transformer shown in FIG. 1, and these switches are individually switched

inog/gg PX Q&%r&v; ocii{ClAiES%éEg\%ﬁ J)q:lﬁlgr 3 The twelve switches and

their 30 réspective circuits in t rive circuit 83 are the same
PCTLHa7 B Bhdaweorfiguextionmaseonmarfoilzpexfa G 6 shoWscereexdmplee
- Nfi uratLoQ(%ione of the . twelve switch}gs and its one Cor.respondin% e
it RS HRGS R B35 TRE SWiRR TORESE SRS FfsSt's 5T, BB
dreeneciedniparalic] in ah eppesita-direciivs ite Lach Hthel Hieydiivetors
circuit 83 comprises a gate signal generating circuit 53 and two voltage

51geBetifPRRGME 82, 35 PR TRl Sidnat BeRdtafRPREE 53 BufsRs don

£ 09E SiONgL @ fo turkpa thethytistarl-and: 1@ 3 galssignal 62 1 tyhte
on the thyristor 52. The voltage detecting circuit 54 detects the

s i gatatocatoue Yomaecof isaithyristdr 81 darkMe vatbtesigndigrecting
-<BEO0EE By R R e (g e
outyrens flawsa heowghpthe Th@istanSt with thewgatesioedatirddet valtage and
a JatL ey TS, e g ARG SRS

The wvoltage detecting circuit 54 detects the
gate-to-cathode voltage of the thyristor 51, and its
output signal A becomes “1” when the gate-to-cathode
voltage becomes zero (the current through the thyristor
51 becomes zero) and is at “0” when a current flows
through the thyristor 51 with the gate-to-cathode
voltage being not =zero.

Likewise, the voltage detecting circuit 55 detects
the gate-to-cathode voltage of the thyristor 52, and its
output signal B becomes ™“1” when the gate-to-cathode
voltage becomes zero (the current through the thyristox
52 becomes zero) and is at “0” when a current flows
through the thyristor 5 with the gate-to-cathode voltage
being not zero.

When the microcomputer 82 of FIG. 3 gives the drive
circuit 83 of FIG. 3 (including the gate signal
generating circuit 53) a control sigmnal to instruct to
turn off the thyristors 51, 52 {one switch), the gate

signal generating circuit 53 turns off the thyristors

51, 52 through the gate signals thereof in response to
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the gate-to-cathode voltage of the thyristor 52, and its 20 output signal B
becomes "1" when the gate-to-cathode voltage becomes zero (the current
through the thyristor 52 becomes ze®) and is at "0" when a current flows
through the thyristor 5 with the gate-to-cathode voltage being not zero. 25
When the microcomputer 82 of FIG. 3 gives the drive circuit 83 of FIG. 3
(including the gate signal generating circuit 53) a control signal to instruct

to turn off the, thyristors 51, 52 {ong swit the gate, signal generating.
Ehe RUFBYME af?i’ég t%yris o?s%ggsel,vﬁcftkraoggeh%ﬁg Sgtglsllg%aﬁél fhereof ©
54in respariserde RGT 447 va ¥h thewdiuesignadiAcB ekthewbltage (two

detecting circuits 54, 55 changing to "1". Further, another switch (two |
EhE A &ERTDNNEQBE Al htan &ifoRitet Btectibh to B5ch SRBS T3 T
dibe iirnedor hsteadholdba athyristos ok @2 ANe DMt J4Bediol is the

turned on. As such, the switch switching circuit 8 of FIG. 3 is configured

t higrshfe R 68/ Sl theStvitcPBS of Wadreinaseuatetnm§ fhathE Wehagt on -
instaruanqoug value of ey PRRSE,RACOMEEZETAI0,Suieh the edesdn, 5
the above 10 embodiment, each switch consists of thyristors connected in

i spacedléliganap positevwdireciioe to/ edch biner santt teeswitch switdhipgase
circyit,8 comprises, the, voltage ,detectqr detecting the gate-to-cathod

atvatléégleméfn‘e%c%%ﬁf/ri&%fe aﬁg eljé‘,tc%%ﬁg&rréﬁ tfoa EJF% 0 gqhsyr?g?oir‘\'}v?tho

ph#EENGek aneiberiByristar dn psperde toldinmagihal itSTn the above
ate-to-cathode voltage is detected to have just become zero via the

e g@ag@ctm%ﬁwﬁﬁgfbpons:ﬂts of thyristors connected

in parallel in an opposite direction to each other, and

the

the switch switching circuit 8 comprises the voltage
detector detecting the gate-to-cathode voltage of each
thyristor and is configured to turn off a thyristor with
turning on another thyristor in response to a timing that
its gate-to-cathode voltage is detected to have just
become zero via the voltage detector of the thyristor

to be turned off.
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to be turned off. PCT1447_e 16 WHAT IS CLAIMED IS: 1. A transforming
apparatus automatically adjusting the voltage of three-phase power
supply comprising: three input termingls (Rin, Sin, Tin); 5 three output
terminals (Rout, Sout, Tout); a Y-connection three-phase transformer; a
switch group; and a switch switching circuit, wherein: the three input
terminals (Rin, Sin, Tin) are 10 respectively connected to three main lines
of the three-phase power supply; the three output terminals (Rout, Sout,
WH’?‘gut}grecmgf%d]fg a load installation; the Y-connection three-phase

1. transforgh eFBRHSES gl S 8ol e s ul3-pPhaseoMading STAu, IAuJPHaSe g
winding circuit, and a T-phase winding circuit; in the R-phase winding

tharctf IrRphade Fake KRS &n ROpRSe APRGHIFPRRBHFL RS *
R-pbase dirstspdfeh aoRipaase-seernd auxdiagy, winding,,and 20 an

R-phase third auxiliary winding are serially connected in that order
betwbare thednm wdrnfire Rim aad a Randl poMe0 tthe Bawptid terminal

O Sl U g gL e e g g
witlaa serles=tircgit otithe Ripliase first auxiliary winding and the R-phase
first, suhei R RRass A sveieh oL e swigh growp s

the three input terminals (Rin, 8Sin, Tin) are
regspectively connected to three main lines of the
three-phase power supply:;

the three output terminals (Rout, Sout, Tout) are
connected to a load installation;

the Y-connection three-phase transformer comprises
a core, an R-phase winding circuit, an S-phase winding
¢ircuit, and a T-phase winding circuit;

in the R-phase winding c¢ircuit, an R-phase main
winding, an R-phasge first auxiliary winding, an R-phase
first switch, an R-phase second auxiliary winding, and
an R-phase third auxiliary winding are serially
connected in that order between the input terminal Rin
and a neutral point O, the output terminal Rout being
connected to the other end of the R-phase main winding;

an R-phase second switch of the switch group is
connected in paralliel with a series circuit of the

R-phase first auxiliary winding and the R-phase first

gwitch;

an R-phase third switch of the switch group is

connected in parallel with a series circuit of the

R-phase first auxiliary winding, the R-phase first
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connected in parallel with a series circuit of the 30 R-phase first auxiliary
winding, the R-phase first PCT1447_e 17 switch, and the R-phase
second auxiliary winding; an R-phasezfourth switch of the switch group is
connected in parallel with a series circuit of the R-phase second auxiliary
winding and the R-phase third 5 auxiliary winding; in the S-phase winding
circuit, an S-phase main winding, an S-phase first auxiliary winding, an
S-phase first switch, an S-phase second.auxiliaty.winding, and .
sw %Eée ?h?ré a%%iﬁar@@?%c%ﬁgf arseesceﬁgl%/ ﬁ)u@%):r}%égtgg in%?gtdogrg’gr'
betveaenrheinayikierhunal iSin awd thehnesifal iphimt Gytthe obitpyttenmminal s
Sout being connected to_the other end of the S-phase main wjnding; an
cognpateds bfy RAERA bEtb sWitdHgréup T EdfTecR T bldr‘élleig\fvitht ©
R - P iES £irgWit ofihe a 15: S Phass ficst awdlingy windingnanckthgraphasehird
first switch; an S-phase third switch of the switch group is connected in
aupdrafict Withwidedd& dircuit of the S-phase first auxiliary winding, the
S-phage fitsl 2Q swifchs and, e Fraase seeapdauxiliary windings an ma in
S-phase fourth switch of the switch group is connected in parallel with a
wigatibg gircaim of eh 8 gph sk setondiaddilianrwindimpddmbthea® phapdh as e
.third auxijliary winding, 25.in the T-phase winding ¢ircuit, a T-phase main
B o kSt BARES GRAES S TIRALE T SRR Rd " dna
anl-pbagmearend anxikaly wandiigl sagdty winding are serially

connected in that order between the input terminal Sin

and the neutral point O, the output terminal Sout being
connected to the other end of the S-phase main winding;

an S-phase second switch of the switch group is
connected in parallel with a series circuit of the
S-phase first auxiliary winding and the S-phase first
switch;

an S-phase third switch of the switch group is
connected in parallel with a series cirxcuit of the
S-phase first auxiliary winding, the S-phase first
switch, and the S-phase second auxiliary winding;

an S-phase fourth switch of the switch group is
connected in parallel with a series circuit of the
S-phase second auxiliary winding and the S-phase third
auxiliary winding:;

in the T-phase winding circuit, a T-phase main
winding, a T-phase first auxiliary winding, a T-phase
first switch, a T-phase second auxiliary winding, and
a T-phase third auxiliary winding are serially connected
in that order between the input terminal Tin and the

neutral point O, the output terminal Tout being connected
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a T-phase third auxiliary winding are serially connected in that order
between the input terminal Tin and the 30 neutral point 0, the output
terminal Tout being connected PCTi®47 e 18 to the other end of the
T-phase main winding; a T-phase second switch of the switch group is
connected in parallel with a series circuit of the T-phase first auxiliary
winding and the T-phase first 5 switch; a T-phase third switch of the

switch arpup is connected.in parallel.yit @S Cifeu . T-phase
tofi\r{égtig’u)%’I%#)‘/‘a win ﬁfg t%]tg T%%Hgasg f%lgvAs%v%c ,ga?"r?clj tﬁ%q‘l{'%%ggé seF():ond
auxdiary vrichege 16 adepkhse fourthiswitch of the sewdtgbugsoup is
connected in parallel wiLhJ[a ieries circuit of the .T-phase secon au>%ilia@/}JL
CORFfiTShd Hie BRFRe it YdknfhryRvifdfigt e sWitdts Switching ©
T - B LORHols heaswitChes vhp habad On dheawliagn levelswh theeoutrilk s &
terminals (Rout, Sout, Tout) or the input terminals (Rin, Sin, Tin) to
swiffdhibetween first to fourth modes in an alternative manner; in the first

mode, the figst switch:of ach phase: R0 isfONy RRd the secand dhigh gnd; s
fourth switches of each phase are OFF; in the second mode, the second
c opwitchtaf @ackiphase L ORL arwlith& first, third b otk SWikéhes 6f the

T- e?g,‘ﬂ Bha(fﬁ’h%rsetOFaFﬁ%? i'gltah:? th”%ﬂ‘%?&'ﬁ? thig swieh gl gach phase ¢
, and the Tirst, second, 2nd fourth switchés of each
switch, and the T-phase second auxiliary winding;

a T-phase fourth switch of the switch group is
connected in parallel with a series circuit of the
T-phase second auxiliary winding and the T-phase third
auxiliary winding;

the switch switching circuit controls the switches
based on the voltage levels of the output terminals (Rout,
Sout, Tout) or the input terminals (Rin, Sin, Tin) to
switch between first to fourth modes in an alternative
manner:;

in the first mode, the first switch of each phase
is ON, and the second, third, and fourth switches of each
rhase are OFF;

in the second mode, the second switch of each phase
is ON, and the first, third, and fourth switches of each
phase are OFF;

in the third mode, the third switch of each phase
ig ON, and the first, second, and fourth switches of each
phase are OFF;

in the fourth mode, the fourth switch of each phase
ig ON, and the first, second, and third switches of each

phase are OFF; and
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phase are OFF; in the fourth mode, the fourth switch of each phase is
ON, and the first, second, and third switches of each 30 phase are OFF;
and PCT1447 e 19 the switch switEBing circuit switches on/off the
switches of each phase at a timing that the voltage instantaneous value
of the phase becomes zero to switch the modes. 5 2. The transforming
apparatus according to claim 1, wherein each of the switches includes

thyrisiQrs £onpesied isRasaliel i an;qppesiie direetiyioLagh ARG the
and the switch switching circuit comprises a 10 voltage detector detecting
sw ilecdede-toodathmale voltdges ef eath ef thid thjmstors aad tukieoffpltage

, t ristgr with turninglon an thC th r'ﬁtor in {espanse to atimin@ that jtg

ins ta{]t _arl%oas ‘Vﬁ e o e{xte %se e mesg zexo (o] ﬁW:L ch
gate-to-cathode voltageis detectedto have just become zero via the

t h ¥okag@edetector of the thyristor 15 to be turned off. PCT1447_e

2. The transforming apparatus according to claim 1,
wherein each of the switches includes thyristors
connected in parallel in an opposite direction to each
other, and the switch switching circuit comprises a
voltage detector detecting the gate-to-cathode voltage
of each of the thyristors and turns off a thyristor with
turning on another thyristor in response to a timing that
its gate-to-cathode voltage is detected to have Jjust
become zero via the voltage detector of the thyristor

to be turned off.
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