POWER RECEIVING EQUIPMENT BACKGROUND OF THE INVENTION 1. Field of the Invention
[0001] The present invention relates to three-phase power receiving equipment and particularly
relates to three-phase power receiving equipment which can supply balanced voltages to loads stably
even when the loads are unbalanced. 2. Description of the Background Art [0002] A three-phase AC
voltage which is a high voltage not lower than 6 kV is distributed to any customer who consumes a
large amount of power, such as a factory, a large-scale retail store, an office building or the like. On

the other hand, a voltage is distri%g@%é ' ingle-ph hree-wire type low-voltage distribution
cable to any customer who consumes gﬁ]%égr%méjéé)\;v% as a standard home, a
small-scale retail store, a small-scale office building or the like. [0003] Fig. 4 is a diagram for
explaining power receiving equipment in a single-phase three-wire type distribution system. The

power receiving equipment receiaskBEESHNESE AG MR RBeENHeNS a high voltage. The received

three-phase AC voltage is transformed into a single-phase voltage of 200 V and
1. Field of the Invention

[0001]
The present invention relates to three-phase power
receiving equipment and particularly relates to thr ee-phase
power receiving equipmentwhich can supply balanced voltages
to loads stably even when the loads are unbalanced.

2. Description of the Background Art

[0002]

Athree-phaseACvoltagewhichisahighvoltagen otlower
than 6 kV is distributed to any customer who consum esalarge
amountofpower,suchasafactory,alarge-scaler etailstore,
an office building or the like. Onthe other hand, avoltage
isdistributedviaasingle-phasethree-wiretypel ow-voltage
distributioncabletoanycustomerwhoconsumesas mallamount
ofpower,suchasastandardhome,asmall-scalere tailstore,

a small-scale office building or the like.
[0003]

Fig. 4 is a diagram for explaining power receiving

equipmentinasingle-phasethree-wiretypedistrib utionsystem.
Thepowerreceivingequipmentreceivesathree-phas eACvoltage
whichisahighvoltage. Thereceivedthree-phase ACvoltage
is transformed into a single-phase voltage of 200 V and



1 single-phase voltages of 100 V by a power receiving transformer disposed in the power receiving
equipment, and supplied to a single-phase 200V load L3 or single-phase 100V loads L1 and L2.
[0004] All the connected loads are single-phase loads in the single-phase three-wire type distribution
system. In addition, those many single-phase loads are connected at random among lines of a
single-phase three-wire type distribution cable. Further, the single-phase loads can be turned on/off at
any time in accordance with customer's convenience. Thus, currents flowing in the lines of the

ingle-ph hree-wi distribufi bl I bal d. In th , onl
od conne8 TN AT S AP AR S) 58 4 ated whie & oad ATRTEAIEH o the oiner ine

and the neH}g Ugé% iﬁ] % gg\%%ryf’gge{\%ﬁ?gaq%ﬁéﬁmg% #’g}ghas been curreﬁéla H)Sgd a method of

placing a transtormer c a balancer | ofa's phase three-wire type distribution

system to bgjanee,HasLBHEN R AA9%dr SiRglaNirieL o gagTormer with a tugh fagpepf 1

L2.
[0004]

All the connected loads are single-phase loads in the
single-phasethree-wiretypedistributionsystem. Inaddition,
those many single-phase loads are connected at rand om among
lines of a single-phase three-wire type distributio n cable.
Further, the single-phase loads can be turned on/of fatany
timeinaccordancewithcustomer’'sconvenience. Th usgcurrents
flowing in the lines of the single-phase three-wire type
distribution cable are not always balanced. In the extreme
case,onlyaloadconnectedtoonelineandaneutr allinemay
be operated while a load connected to the other lin e andthe

neutral line is out of service.

[0005]
Accordingly, there has been currently used ametho d of
placing a transformer called a balancer in a tail e nd of a
single-phase three-wire type distribution system to balance

line currents.

[0006]
A balancer BL is a transformer with a turn ratio o fl
tolasshowninFig. 4. ThebalancerBListypica lly placed
in atail end of a single-phase three-wire type dis tribution



to 1 as shown in Fig. 4. The balancer BL is typically placed in a tail end of a single-phase three-wire
type distribution 2 cable. When there is a difference between a current flowing in one line (outside line
A) and a current flowing in the other line (outside line B) (that is, there is a difference in capacity
between loads L1 and L2) , the balancer provided thus supplies a compensating current is into the
outside lines A and B to cancel the unbalance between the currents f lowing in the outside lines A
and B. [0007] When, for example, the current flowing in the outside line A is higher than the current

flowing in th%oaytsqﬁaling B, a coréjﬁensating iurrent 2io flows from a neutral "Pﬁ C to the balancer,
and a part i e oW Begﬁr%ﬁt } g[ﬁﬂﬁ% R %%Telnthrough a winding P8R %ne other hand,

the remainmglpé% ggga&aéﬁmiﬂ%‘ig{%%&ég%ﬁ@ﬁdm%i power transformer Tnm%é%ﬁ winding n2.

[0008] When the ncer s prov outside lines A and B are coupled inductively through

the balancq{ng’daldﬁsi@é{% ﬁgﬁqgriéﬁai%p@ll@nce between a load Co'&%ﬁﬁ&ﬂa@tﬁhe outside line A

and the neutral line C and a load connected to the outside line B and the neutral line C, or even when

betweenloadsL1andL2),the balancerprovidedthu ssupplies
a compensating current io into the outside lines A and B to
canceltheunbalancebetweenthecurrentsflowingi ntheoutside
lines A and B.

[0007]

When, for example, the current flowing in the outs ide

line Ais higherthanthe currentflowing inthe ou tsideline
B, a compensating current 2io flows from a neutral lineCto
thebalancer,andapartiooftheflowingcurrent issupplied
to the load L1 through a winding n1. On the other hand, the
remaining part io of the flowing current flows into a power
transformer T through a winding n2.

[0008]

When the balancer is provided thus, the outside li nes

A and B are coupled inductively through the balance r. Thus,
even when there is an unbalance between a load conn ected to
theoutsideline Aandthe neutrallineCandaloa dconnected
tothe outsideline Bandthe neutralline C,orev enwhenthe
neutral line C is disconnected on the power source side, the
voltage betweenthe outside line Aand the neutral lineCand
the voltage between the outside line B and the neut ral line

C always operate in a balanced manner.



neutral line C is disconnected on the power source side, the voltage between the outside line A and
the neutral line C and the voltage between the outside line B and the neutral line C always operate in
a balanced manner. 3 [0009] In this manner, the balancer allows a compensating current to flow to
balance the voltages on the both sides of the single-phase three-wire type distribution cable (the
voltage between the outside line A and the neutral line and the voltage between the outside line B
and the neutral line) and the currents flowing toward the power source through the outside lines.
[0010] Fig. 5is adi @ for explaining power receiving equipment with a three-phase AC
transformer and a sfﬁg hase autotransformer (balancer) according to the background art. [0011] In

Fig. 5, the referenqﬁﬂrﬁf/ﬂgpﬁgﬁﬁe@% %ﬁéwgﬂﬁﬂg%@%mndmgs of the %’L@% aase

transformer respective ICH are delta-connect nce numerals 51 nd 53'

represent sgcaBHAY %%egqmgéggmqpmp‘%g@y&onnected to the primagy windings

respectively, and which are star-connected. [0012]

single-phasethree-wire type distributioncable (th evoltage

betweentheoutsidelineAandtheneutrallineand thevoltage

betweentheoutsidelineBandtheneutralline)an dthecurrents

flowing toward the power source through the outside lines.
[0010]

Fig. 5 is a diagram for explaining power receiving

equipmentwithathree-phaseACtransformerandas ingle-phase
autotransformer (balancer) according to the backgro und art.
[0011]
InFig.5,thereferencenumerals51,52and53re present
primarywindingsofthethree-phasetransformerres pectively,
which are delta-connected. The reference numerals 51', 52'

and 53’ represent secondary windings which are
electromagnetically connected to the primary windin gs

respectively, and which are star-connected.

[0012]

ThereferencesignsR,SandTrepresenta-phase, b-phase
and c-phase distribution lines respectively, throug h which
three-phase power is supplied to a three-phase load L.

[0013]

ThereferencesignBLrepresentsabalancerplaced among

thedistributionlinesR,SandT. ThebalancerBL hasafirst



The reference signs R, S and T represent a-phase, b-phase and c-phase distribution lines
respectively, through which three-phase power is supplied to a three-phase load L. [0013] The
reference sign BL represents a balancer placed among the distribution lines R, S and T. The balancer
BL has a first 4 winding 55 and a second winding 56 wound around an iron core 54. The first winding
55 and the second winding 56 are connected in series to generate magnetic fluxes whose directions
coincide with each other. A midpoint tap n is derived from the series connection point. [0014] The

balancer BL fog’nedﬁ%us i connecéred bgtwq£é‘| the %-gbpase distribution line R.and the b-phase
distribution Ve8I 151 FREFRFSIENLE A M riie's , 3”5\90380 represent siﬁré)lg-cpq{gse loads. Each
single-phasgJo ' @'ﬂﬁc%’l distribution line neutral line C
or betweens%é %ﬂs‘%r%ﬁ?gr? ﬁ}%é%‘ an sggf&%{ﬁ% e%t Document 1: Jlil}ﬁéf%gﬁ%%g%% [0017]
inseriestogeneratemagneticfluxeswhosedirecti onscoincide

with each other. Amidpointtapn __isderived fromthe series

connection point.

[0014]

The balancer BL formed thus is connected between t he
a-phasedistributionline Randtheb-phasedistrib utionline
S.

[0015]

The reference numerals 58, 59 and 60 represent
single-phase loads. Each single-phase load 58, 59, 60 is
connectedbetweenthedistributionlineRorSand theneutral

line C or between the distribution lines R and S.
[0016]
Patent Document 1: JP-A-2005-197623
[0017]

According to the aforementioned background art,

balancers BL are connected respectively between out put
terminalsa andb ,betweenoutputterminalsb _andcandbetween
the output terminals ¢ _and a __inthe three-phase transformer
forming the high-voltage power receiving equipment, so that
single-phase loads can be connected between the opp osite
terminals and the neutral point of each balancer BL while a
three-phaseloadcanbeconnectedamongtherespect ive output



According to the aforementioned background art, balancers BL are connected respectively between
output terminals a and Is, between output terminals Is and ¢ and between the output terminals ¢ and a
in the three-phase transformer forming the high-voltage power receiving equipment, so that
single-phase loads can be connected between the opposite terminals and the neutral point of each
balancer BL while a three-phase load can be connected among the respective output 5 terminals of
the three-phase transformer. In addition, the neutral point of the three-phase transformer can be

grounded. [0018] When the neutral point of the three-ph transformer is grounded, the three-phase
transformer{%gﬂ'd%\{v%??\i%%?ﬁreeg ser{h% %g]-%rhalté)eaﬁéﬁsformer can be forn&d iNto a light-weight
and space-sayi S it sible to suppress i f the voltage to
ground. [Og%gﬁﬂltﬁ@ﬁgtﬁﬂaﬁgggr@ngaé&r é&%&%@%ﬁ%@% of the three-pha gtﬁ}gﬁ%?grmer are

delta-connected, thgypgggndary windings 51', 52" and 53" electromagnetically connected to the
primary windings are star-connected. Accordingly, a third harmonic component is generated in the

secondary windinggypiihadieatrlipRa anaferRrse Haseneiest third harmonic  mer

isgrounded, thethree-phasetransformercanbemin laturized.

Thus, the three-phase transformer can be formed int oa

light-weightandspace-savingtypepowertransforme r. Further,

itispossible to suppressincrease ofthe voltage toground.
[0019]

Although the primary windings 51, 52 and 53 of the
three-phase transformer are delta-connected, the se condary
windings51',52'and53'electromagneticallyconne ctedtothe
primary windings are star-connected. Accordingly, a third
harmonic componentis generated inthe secondary wi ndings of
the three-phase transformer. The generated third h armonic
component affects the distribution lines R, Sand T

[0020]

Whenthe neutral pointofthe secondarywindingsi snot
grounded,thepotentialintheneutralpointfluctu ates. When
theneutrapoinisggrounded ahircharmoniccom ponenturrent
orthelikeflowsineachdistributionlinewitha returnpath
totheground,causingelectromagneticinductionin terference.

It is therefore necessary to take measures against the

electromagnetic induction interference.



component affects the distribution lines R, S and T. [0020] When the neutral point of the secondary
windings is not grounded, the potential in the neutral point fluctuates. When the neutral point is
grounded, a third harmonic component current or the like flows in each distribution line with a return
path to the ground, causing electromagnetic induction interference. It is therefore necessary to take
measures against the electromagnetic induction interference. 6 SUMMARY OF THE INVENTION
[0021] The present invention was developed in consideration of these problems. An object of the
invention is to provide three-phas r recejvi Ui Ich can suppress generation of
noise due to a third harmonic comméﬁﬁgﬁéﬁgmﬁmgﬁ use a light-weight and
space-saving type W?g transformer. [0022] In order to attain the foregoing object, the invention
uses the following means. [0023] The power receiving equipment includes a three-phase transformer

having at least secepdare YURMINAHHEHA590B6EIS e din considerati onof
these problems. An object of the invention is to p rovide
three-phase power receiving equipment which can sup press
generation of noise due to a third harmonic compone ntorthe
like, and which can use alight-weight and space-sa ving type

power transformer.
[0022]
In order to attain the foregoing object, the inven tion

uses the following means.

[0023]

The power receiving equipment includes a three-pha se
transformerhavingatieastsecondarywindingsdelt a-connected,
andbalancerseachhavingfirstandsecondwindings woundaround
anironcore. Thefirstand secondwindingsare co nnectedin
series to generate magnetic fluxes whose directions coincide
with each other. The balancers are connected betwe enoutput
terminals ofrespective phasesonasecondarywindi ngside of
thethree-phasetransformerrespectively whileele ctricoower
issuppliedtoathree-phaseloadandsingle-phase loads. The
three-phaseloadisconnectedtotherespective pha sesonthe
secondary winding side of the three-phase transform er. The
single-phase loads are connected in parallel to at least one
of the first and second windings of each of the bal ancers.



and balancers each having first and second windings wound around an iron core. The first and
second windings are connected in series to generate magnetic fluxes whose directions coincide with
each other. The balancers are connected between output terminals of respective phases on a
secondary winding side of the three-phase transformer respectively, while electric power is supplied
to a three-phase load and single-phase loads. The three-phase load is connected to the respective
phases on the secondary winding side of the three-phase transformer. The single-phase loads are
connected in parallié)r{% least one of the first and second windings of each of the balancers. 7 [0024]
With the aforementt onfiguration, the invention can form three-phase power receiving equipment

which can suppreswgfﬁﬂgé%imrﬂ%ﬁg&%%ﬁ%L?rgﬁ'é ’n?éiwé]éﬁcomponent or the 'élhg nd which can
S

use a light-weight and space-saving type power transtormer. BRIEF DESCRIPTIO HE
DRAWING %, b E1BnAd8 olierraes (ih sxBlAReAmAsedeed system inclugiigpauer receiving
equipment according to an embodiment of the invention; Fig. 2 is a diagram for explaining the power
receving generation of noise due to a third harmonic compone ntorthe

like, and which can use alight-weight and space-sa ving type

power transformer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]
Fig. 1is adiagram for explaining a power feed sy stem
includingpowerreceivingequipmentaccordingtoan embodiment

of the invention;

Fig. 2 is adiagram for explaining the power recei ving
equipment according to the embodiment;

Fig.3isaviewforexplainingasingle-phasethr ee-wire
type distribution system;

Fig. 4 is a diagram showing a balancer; and

Fig. 5 is a diagram for explaining power receiving

equipment in the background art.

DETAILED DESCRIPTION OF THE INVENTION

[0026]
An embodiment of the invention will be described b elow
withreferencetatheaccompanyingdrawings. Fig. lissdiagram
for explaining a power feed system including power receiving



equipment according to the embodiment; Fig. 3 is a view for explaining a single-phase three-wire type
distribution system; Fig. 4 is a diagram showing a balancer; and Fig. 5 is a diagram for explaining
power receiving equipment in the background art. DETAILED DESCRIPTION OF THE INVENTION
0026] An embodiment of the invention will be described below with reference to the accompanying
drawings. Fig. | is a diagram for explaining a power feed system including power receiving 8
equipment according to the embodiment. [0027] In Fig. 1, there ference numeral 1 represents a
three-phase AC power generator; 2, a power transmitting transformer; 3, power receiving equipment
including aSEWBF}%%gﬂi?ﬁar 5!%%85?9&8’5% ImE E‘lze-phase AC load. [0028] AC power generated
by the three-phase wer generator is stepped up by the power transmitting transformer and then
supplied to the power receiving equipment including the power receiving transformer through a power

grid. A three-phasqfitg MALAYR IGFEMEMBY AN HRYERISASIVING equipment InGludiRfase

AC power generator; 2, a power transmitting transfo rmer; 3,
power receiving equipment including a power receivi ng
transformer; and 4, a three-phase AC load.

[0028]

ACpowergeneratedbythethree-phaseACpowergen erator
is stepped up by the power transmitting transformer andthen
suppliedtothe powerreceivingequipmentincluding the power
receivingtransformerthroughapowergrid. Athre e-phaseAC
voltage received by the power receiving equipment i ncluding
thepowerreceivingransformelissteppeddownand thersupplied
to the three-phase load 4 or single-phase loads thr ough
three-phase distribution lines.

[0029]

Fig. 2 is a diagram for explaining the details of the
power receiving equipment including the power recei ving
transformer.

[0030]

In Figs. 1 and 2, the reference numerals 11, 12 an d13
represent primary windings of the three-phase trans former
(powerreceivingtransformer),whicharestar-conne cted. The
referencenumeralsll’12andl3representsecon darywindings
whichareelectromagneticallyconnectedtotheprim arywindings



the power receivingtransf ormer is steppeddown andthen supplied to the three-phase load 4 or
single-phase loads through three-phase distribution lines. [0029] Fig. 2 is a diagram for explaining the
details of the power receiving equipment including the power receiving transformer. [0030] In Figs. 1
and 2, the reference numerals 11, 12 and 13 represent primary windings of the three-phase
transformer (power receiving transformer), which are star-connected. The reference numerals 11', 12'
and 13' represent secondary windings which are electromagnetically connected to the primary
windings 9 resgec lve are §§|La conneclﬁ [0031] The reference signs R, Sand T

is

represent a- %ﬁ es“é '\f)e h%]e %EH: c- SF\e S fes respectively, through which three-phase
power is supplied t ree-phase load 4. [0032] The reference signs BL1, BL2 and BL3 represent
balancers placed on the distribution lines R, S and T. [0033] Each balancer BL1, BL2, BL3 has a
first winding 22 anghereferencesignsk,SandTrepresenta-phase, b-phase
and c-phase distribution lines respectively, throug h which
three-phase power is supplied to the three-phase lo ad 4.
[0032]
ThereferencesignsBL1,BL2andBL3representbal ancers

placed among the distribution lines R, S and T.

[0033]

Each balancer BL1, BL2, BL3 has a first winding 22 and
a second winding 23 wound around an iron core 21. The first
winding 22 and the second winding 23 are connected in series
togeneratemagneticfluxeswhosedirectionscoinci dewitheach
other. Amidpointtapn _isderivedfromtheseriesconnection
point.

[0034]

The reference numerals 25 and 26 represent an outs ide
line Aandanoutsideline Bofasingle-phasethre e-wiretype
distributioncableusingthesecondarywinding11’ ofthepower
receiving transformer as a power source. Single-ph ase loads
(100V loads) 27 and 28 and asingle-phase load (200 Vload) 29
are connected betweenthe outside lines Aand Band aneutral
line C connected to the midpoint tap n __respectively.

[0035]
As shown in Fig. 1, the primary windings 11, 12 an d13

10



a second winding 23 wound around an iron core 21. The first winding 22 and the second winding 23
are connected in series to generate magnetic f luxes whose directions coincide with each other. A
midpoint tap n is derived from the series connection point. [0034] The reference numerals 25 and 26
represent an outside line A and an outside line B of a single-phase three-wire type distribution cable
using the secondary winding 11' of the power receiving transformer as a power source. Single-phase
loads (100V loads) 27 and 28 and a single-phase load (200V load) 29 are connected between the
outside Iinesfﬁ\ﬂand B and a neutral line C gonnecﬁg]d to the midpoint tap n resgective [0035] As

shown in Fi8 ?Hnoé’vﬁﬁ'iﬁg?ﬁl"\'/{%%ﬁﬁﬁ{bs Olrf,]elr OLE3" 93 the power receivir{f; ﬁg%?é)r/her forming the
power re(:eié(gghl%%l | %%%[gf?éstﬁ%%‘%@ﬁﬁ%\%ggﬂ &gﬁ{aﬁcondary Windirﬁggi}lasl}? and 13'

electromagn y connecte r-connec primary windings are delta=conrected.

According'h?é(ﬁﬂl‘@’@i’ébtﬁ%%ﬂ@f&%ﬂ%%ﬁﬁ@b‘?@&% generated in each gf the segaedary windings

of the three-phase transformer forming the power receiving transformer due to magnetic saturation or

the like in theHaR RAMEIFRISIRLER RVMAEERS] VIR Hidiisipymer, the evenwhen
athirdharmoniccomponentisgeneratedineachof thesecondary
windings of the three-phase transformer forming the power
receiving transformer due to magnetic saturation or the like
intheironcoreformingthe powerreceivingtransf ormer,the
harmoniccomponentcirculatesinthedelta-connecte dsecondary
windings 11', 12' and 13'. Thus, the problem of in duction
interference caused by the third harmonic component can be
substantially ignored.

[0036]

Fig. 3 is a view for explaining another example of a
balancer. AsshowninFig. 3,the balanceriscons tituted by
first to fourth windings n1 to n4. The first windi ng nland
the second winding n2 are wound around one of legs ofaniron
core F shaped with a hollow square, while the third winding
n3 and the fourth winding n4 are wound around the o ther leg
otharoncoreshapedwiththehollowsquare. Th ethirdwinding
n3,thefirstwindingnl,thesecondwindingn2and thefourth
windingn4areconnectedinseriestogeneratemagn eticfluxes
whose directions coincide with each other. Balance rsformed
thusareconnectedbetweerntheoutputerminalsof therespective
phases of the delta-connected secondary windings of the

11



harmonic component circulates in the delta-connected secondary windings 11', 12' and 13'. Thus, the
problem of induction interference caused by the third harmonic component can be substantially
ignored. [0036] Fig. 3 is a view for explaining another example of a balancer. As shown in Fig. 3, the
balancer is constituted by first to fourth windings nl to n4. The first winding nl and the second winding
n2 are wound around one of legs of an iron core F shaped with a hollow square, while the third
winding n3 and the fourth winding n4 are wound around the other leg of the iron core shaped with the

hollow squarg. The thirdwinding n3, the first winding nl, the second winding n2 and,the fourth winding
n4 are conr?e%{gg]ﬁng'éwggt%]b‘%a%gﬁqgerﬁ%%sﬁ/%%gég %ﬁ@% directions coincidrbd\%ﬁ'u each other.

Balancers f d rminals of the re i hases of the
delta-conne%%bﬁteécn%%%E%Ojv%%ﬁ%?b&tﬁ@éﬁggg%%ﬁgt! nf—:‘d three-phase tri&as,%gﬁ%f In addition,
the output {rrTiRals 9 488 fefiarGonarSiRE SRReRHBRVIAMRRS of the three-phgag fransformer and

connection terminals between the first windings and the second windings of the balancers are used

12

as feed ter{aaipspigiriifRysiand itrssE@Aal windings of the b alancers
are used as feed terminals of distribution lines.
[0037]

EachbalancerBL1,BL2,BL3isatransformerwhose turn
ratiasltol andwhichisconnectedparallel tahesecondary
winding 11', 12, 13".

[0038]

Duetothebalancerprovidedinparalleltothese condary
winding forming each phase, a compensating current io can be
suppliedfromaneutralpoint24toeachsingle-pha seload27,
28 even if the single-phase loads 27 and 28 are unb alanced.
Itis therefore possible to cancel the unbalance be tweenthe
currents flowing in the outside lines A and B.

[0039]

When, forexample, the currentflowingintothelo ad27
is higher than the current flowing into the load 28 , the
compensatingcurrentioflowsintothebalancerfro mtheneutral
pointn _,andflowsoutthroughthewindings22and23. In this
manner,whenthebalancerisprovided,theloads27 and28are
inductively connected through the windings 22 and 2 3. Even
whenthereisanunbalance betweentheloadconnect edbetween
theoutsidelineAandtheneutrallineCandthel oadconnected



Each balancer BL1, BL2, BL3 is a transformer whose turn ratio is 1 to 1, andwhichis connected in
parallel to the secondary winding 11', 12', 13'. [0038] Due to the balancer provided in parallel to the
secondary winding forming each phase, a compensating current is can be supplied from a neutral
point 24 to each single-phase load 27, 28 even if the single-phase loads 27 and 28 are unbalanced. It
is therefore possible to cancel the unbalance between the currents flowing in the outside lines A and
B. [0039] When, for example, the current flowing into the load 27 is higher than the current flowing
into the Ioa% 268, the .compensatin rrent.io fiows into the balancer fromthe neutral point n, and
flows out thPS Vdﬁ‘%ﬂé@%r?ﬁ%&i‘%ﬂ‘%r%j%d iﬁ‘?rﬂ? u r%l Weer,éﬂ/hen the balancer is gﬁl@‘ﬁ?gg the loads 27
and 28 are |} ive - ; Qﬁl d 23. Even whe }hsgjr is.an unbalance
between th%%qé%rﬁyﬁgﬁggﬁgéﬁé%h%ﬁg rﬁ)ﬁj%sé%e |6n]g§ ﬁ?écr)@]the neutral line Cn%n ﬁ{(lés?oad connected

12 betweendthe &H@iﬁﬁdlmﬁn@ mﬂéf?eESHHé’NiQﬁnGi geygn when the neutraldine C is not

connected to the power source side (the midpoint of the secondary winding 11' of the transformer),

the balancey ahyrRynePE e DERRIBNSRVES operates to balan ce the
voltage betweenthe outside line Aand the neutral lineCand
the voltage between the outside line B and the neut ral line
C. Similarly, even when the neutral line C of the balancer
BL2 BL3snhotconnectedtathemidpoinbothese condarywinding
12',13',the balanceralwaysoperatestobalancet hevoltage
betweentheoutsidelineAandtheneutrallineCa ndthevoltage

between the outside line B and the neutral line C.

[0040]
Whenthebalancerisprovidedthus,thevoltagesa pplied
to the single-phase loads 27 and 28 can be always b alanced.
[0041]
Here assumethata,bandicdesignateacurren tflowing
through the balancers BL1 and BL3, a current flowin gthrough
the balancers BL1 and BL2 and a current flowing thr ough the

balancers BL2 and BL3 respectively, L designates

self-inductance of each winding of the balancers, a nd M
designates mutualinductance. The followingexpres sionsare
established.

2] wlL*ia+zi(2ia-ib-ic)=j wM(ib+ic)  ...(1)

2] wL*ib+zi(2ib-ic-ia)=j wM(ictia)  ...(2)

2] wlL*ic+zi(2ic-ia-1b)=j wM(ia+ib)  ...(3)

13



voltage between the outside line A and the neutral line C and the voltage between the outside line B
and the neutral line C. Similarly, even when the neutral line C of the balancer BL2, BL3 is not
connected to the midpoint of the secondary winding 12', 13', the balancer always operates to balance
the voltage between the outside line A and the neutral line C and the voltage between the outside line
B and the neutral line C. [0040] When the balancer is provided thus, the voltages applied to the
single-phase loads 27 and 28 can be always balanced. [0041] Here, assume that ia, ib and is

designate a current flowing through the balancers BL1 and BL3, a current flowing through the
balancors DTG P Oand 4 Wb AHOHONG TGS 015 HRAREARER9nd B1 3 respectively, L

designates gelf| inding of the balancers, and M designates mutual inductance.
> éQﬁf'&%‘h@s ?Wﬁgﬁﬂéﬁdgf

The following expressions ate’ es 2jG)L*ia+zi(2ia-ib-ic)=jo)M(ib+ic) ... (1)
2G)L*ib+zi(2ib-ic-igy=iqiMpig+a) ... (%gjgrzlz*'wzi(mc-ia-l <jo)M(ia+ib) ... (3) 13 Here, due to L-M,
the following expressions are obtained from the expressions (1), (2) and (3).

(2ib-ic-ia)(j wL+zi)=0 ...(5)
(2ic-ia-ib)(j wL+zi)=0 ...(6)
In addition, the following expression is obtained f rom the

expressions (4), (5) and (6).

ia=ib=ic (7)

[0042]

Inaddition,whenziisselectedtoestablishj wL+zi=0,
thewindingsofeachbalancercanbegroundedwith lowimpedance
so that noise can be suppressed effectively. In ad dition,

potential VN in the neutral point is expressed by:

VN=(Eab+Ebc+Eca)/2=0

Thus, the neutral point n _can be grounded.
[0043]

That is, the neutral point n _ of each balancer can be
groundedthroughagroundingimpedanceZi. Thus,e venifnoise
invades the distribution cable or the like, the noi se can be
released to the ground potential so that the noise can be
suppressed.

[0044]

Thus, any equipment connected to the single-phase
three-wiretypedistributioncablecanbeprotected fromnoise

invading the equipment from the outside.
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(2ia-ib-ic)(jOL+zi)=0 ... (4) (2ib-ic-ia)(j()L+zi)=0 ... (5) (2ic-ia-ib)(j()L+zi)=0 ... (6) In addition, the
following expression is obtained from the expressions (4), (5) and (6). ia=ib=ic ... (7) [0042] In
addition, when zi is selected to establish j(OL+zi=O, the windings of each balancer can be grounded
with low impedance so that noise can be suppressed effectively. In addition, potential VN in the
neutral point is expressed by: VN=(Eab+Ebc+Eca)/2=0 Thus, the neutral point n can be grounded.
[0043] That is, the neutral point n of each balancer can be grounded through a grounding impedance
Zi. Thus, even if no'm]% i%\]/ades the distribution cable or the like, the noise can be released to the
ground potential so a‘% e noise can be suppressed. [0044] Thus, any equipment connected to the

single-phase thre%\E’&r&gﬁﬂﬁaQ%HQHFEH&SRH%%H%BFRFSH%d from noise invadgbq)mequipment

from the outside. 14

receivingequipmentincludesathree-phasetransfor merhaving
atleastdelta-connectedsecondarywindingsandbal ancerseach
having first and second windings wound around an ir on core.
Thefirstwindingandthesecondwindingareconnec tedinseries
togeneratemagneticfluxeswhosedirectionscoinci dewitheach
other. The balancers are connected between output terminals
of respective phases on a secondary winding side of the
three-phasetransformerrespectively,whileelectri cpoweris
supplied to a three-phase load and single-phase loa ds. The
three-phaseloadisconnectedtotherespective pha sesonthe
secondary winding side of the three-phase transform er. The
single-phase loads are connected in parallel to at least one
of the first and second windings of each of the bal ancers.
[0046]

Accordingly balancedpowersourcevoltagescanbe always
suppliedtothesingle-phaseloadsevenifthereis anunbalance
between the single-phase loads.

[0047]

In addition, the neutral point 24 of each balancer can
begroundedthroughthegroundingimpedancesZi. A ccordingly,
even if noise due to a third harmonic component or the like
invades the distribution cable or the like, the noi se canbe
released to the ground potential so that the noise can be

15



[0045] As described above, according to the invention, the power receiving equipment includes a
three-phase transformer having at least delta-connected secondary windings and balancers each
having first and second windings wound around an iron core. The first winding and the second
winding are connected in series to generate magnetic f luxes whose directions coincide with each
other. The balancers are connected between output terminals of respective phases on a secondary
winding side of the three-phase transformer respectively, while electric power is supplied to a
three-phase load and single-phase loads. The three-phase load is connected to the respective phases
on the secShHRF %’%@‘ing side of the three-phase transformer. The single-phase loads are connected
in parallel to at least one of the first and second windings of each of the balancers. [0046]
Accordingly, balanced power source voltages can be always supplied to the single-phase loads even
if there is an unbalance between the single-phase loads. [0047] In addition, the neutral point 24 of
each balancer can be grounded through the grounding impedances Zi. Accordingly, even if noise due
to a third harmonic component or the like invades the distribution cable or the like, the noise can be
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released to the ground potential so that the noise can be 15 suppressed. 16 What is claimed is: 1.
Power receiving equipment comprising: a three-phase transformer in which at least secondary
windings are delta-connected; and a plurality of balancers each of which has a first winding and a
second winding wound around an iron core, the first winding and the second winding being connected
in series to generate magnetic fluxes whose directions coincide with each other; wherein: the
balancers are connected between output terminals of respective phases on a secondary winding side
of the three-phase_transformer respectively, while electric power is supplied to a three-phase load
and single- E%E'Fo%'&‘é'?‘t%% It?ﬁree-phase load being connected to the respective phases on the

secondary \Mnding,(ﬂ%e; p%é@mﬁfﬁgﬁﬁégﬁ{%%%ghe single-phase loads being connected in

parallel to at least one of t ond f each of the balancers. 2. Power receiving

equipment COmp”%ﬁﬂr@é—'ﬂfﬁ@s‘@h%ﬁ‘sﬁﬂﬂ%ﬁ’fH‘\%iEH"ﬁ’tiFéhéE leastsecondary winding%“z-}x;e

delta-connected; and
windings are delta-connected; and

apluralityofbalancerseachofwhichhasafirst winding
andasecondwindingwoundaroundanironcore the firstwinding
and the second winding being connected in series to generate
magnetic fluxes whose directions coincide with each other;
wherein:

thebalancersareconnectedbetweenoutputtermina Isof

respectivephasesonasecondarywindingsideotth

ethree-phase

transformerrespectively,whileelectricpoweriss uppliedto
athree-phaseloadandsingle-phaseloads,thethre e-phaseload
beingconnectedaherespectivephasesornthesec ondarywinding
side of the three-phase transformer, the single-pha se loads
being connected in parallel to at least one of the firstand
second windings of each of the balancers.
2. Power receiving equipment comprising:

a three-phase transformer in which at least second ary
windings are delta-connected; and

apluralityofbalancerseachofwhichhasafirst winding
andasecondwindingwoundaroundanironcore the firstwinding
and the second winding being connected in series to generate
magnetic fluxes whose directions coincide with each other;

wherein:
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a plurality of balancers each of which has a first winding and a second winding wound around an iron
core, the first winding and the second winding being connected in series to generate magnetic fluxes
whose directions coincide with each other; wherein: 17 the balancers are connected between output
terminals of respective phases on a secondary winding side of the three-phase transformer
respectively, and a series connection point between the first winding and the second winding of each
of the balancers is grounded through an impedance, while electric power is supplied to a three-phase

load and single-phgse, loads, the three-phase load being connected to the respectiv ases on the
secondary Windingﬁél'%%a ?’EESr&%%‘EBHa’%&%@%&%ﬁ?&?ﬂ%@“%@éﬁhase loads beingsggnnected in

parallel to %gﬁl&gﬁ/ﬁﬁ%ﬁ%@%&gﬂ &g&wﬁ%g@?&gf each of the balaégﬁ ﬁa%gwer receiving

equipment accor erein: ance has a value to resonatépwn self-inductance

of one of cqurgfg?ﬁ]Qﬁ@w{ti%ﬁﬁw%mmggﬂmem according to Qigietwhgrein: each of

the balancers includes first to fourth windings, the first and second winding being wound around one

of legs of ap&pBiRMiBiIEHARAH bR charliawrRsbtesenste third and fourth wigshngsceeing wound
around the other leg of the iron core shaped

is grounded through an impedance, while electric po wer is
supplied to a three-phase load and single-phase loa ds, the
three-phase load being connected to the respective phaseson
thesecondarywindingsideofthethree-phasetrans former,the
single-phaseloadsbeingconnectedinparalleltoa tleastone
of the first and second windings of each of the bal ancers.
3. PowerreceivingequipmentaccordingtoClaim2, wherein:

thempedancehasavaluetaresonatewithself-in ductance
of one of coils of the balancer.
4. PowerreceivingequipmentaccordingtoClaim2, wherein:

eachofthebalancersincludesfirsttofourthwin dings,
the first and second winding being wound around one of legs
ofanironcoreshapedwithahollowsquare,theth irdandfourth
windingsbeingwoundaroundtheotheregoftheir oncoreshaped
withthe hollowsquare, the third winding, thefirs twinding,
the second winding and the fourth winding being con nectedin
series to generate magnetic fluxes whose directions coincide
with each other; and

thebalancersareconnectedbetweentheoutputter minals
of the respective phases of the delta-connected sec ondary
windingsofthethree-phasetransformer,theoutput terminals
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with the hollow square, the third winding, the first winding, the second winding and the fourth winding
being connected in series to generate magnetic fluxes whose directions coincide with each other; and
the balancers are connected between the output terminals of the respective phases of the
delta-connected secondary windings of the three-phase transformer, the output terminals 18 of the
delta-connected secondary windings of the three-phase transformer and connection terminals
between the first windings and the second windings of the balancers are used as feed terminals of

distribution gpt?lse' c;'gta-connected secondary windings ofthe th ree-phase
transformerandconnectionterminalsbetweenthefi rstwindings
and the second windings of the balancers are used a s feed

terminals of distribution lines.
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