- 1 PONER TRANSFORVER W TH AMORPHOUS ALLOY CORE Field of the invention:
The present invention relates to a transforner with an anorphous alloy core
formed using an anorphous magnetic ribbon, and nore particularly, to 5 a
transfornmer with an anorphous alloy core formed using an anorphous magnetic
ri bbon, wherein the capacity of the transfornmer can be increased.
Description of related art: Recently, the ®nergy-saving for a transformer

10 connected to an electric apparatus is being required wth an increase in
el ectric power demand. As one exanple, an attenpt has been nade to provide

an inprovenent in a Sf n i ribbon is
used to forma core |h%%%dgﬁﬁﬁgEé?%%gnﬁgigaﬁwﬁgaﬁgggyéﬂéﬁﬁgQﬁhﬁgre | oss of
the core constituting the transforner. There is such a type of a
transforner in which a core and a wi nding wound around the core are

contained in ygfgeéfo{h%hgngg§@§ guner, and an 20 insul ating cooling
medi um i ncluding an 1 nsulating ol such as a mneral oil or an insulating

gas such as SF6 gas is Rg §gg@5§dlhgegggoﬁe§§@gtgg thestransformer (for
exanpl e, see JP-A-2000- 82625? There is also a transforner in which a core

- 2- transformer with an amorphous alloy core formed using
an amorphous magnetic ribbon, and more particularly, to
5 a transformer with an amorphous alloy core formed using

an amorphous magnetic ribbon, wherein the capacity of

the transformer can be increased.

Description of related art:
Recently, the energy-saving for a transformer
10 connected to an electric apparatus is being required
with an increase in electric power demand. As one
example, an attempt has been made to provide an
improvement in a transformer in which an amorphous
magnetic ribbon is used to form a core in order to
15 decrease the loss due to a core loss of the core
constituting the transformer.

There is such a type of a transformer in
which a core and a winding wound arcund the core are
contained in a vessel of the transformer, and an

20 insulating cooling medium, including an insulating oil
such as a mineral oil or an insulating gas such as SFg
gas 1s encapsulated in the vessel of the transformer
(for example, see JP-A-2000-82625).

There is also a transformer in which a core



constituting the transfornmer is covered wth a casing, and silicone oil is
filled wthin the casing (for exanple, see JP-A-06-120049). Summary of the
i nvention: 5 The anorphous nagnetic ribbon used for formng the core of the
transforner as described above has a thickness on the order of 0.03 nmm and
a high electric resistivity and hence, has an excellent magnetic
characteristic such that a decrease incore 10 loss to 1/3 to 1/4 of that of
a usually used core made of a silicon steel can be expected. However, for
the reason ofcUbHstitigil stiv? RFRNTHPENCY heS coPeehad HitBaBuFasiva fl ux
density of about 1.56 T (tes]a) which is |ower b% 20 % or nmore than that
(about 2.01 TR SHEGHE G cbh steksd wobhini §Peead8AnYi niPKe transfor mer
with the anorphous alloy core e, Sj of the core is necessarily

i ncreased in PP %ﬂ?ﬁ?&f@%&gféfg%)'voltage for the transformer at
the sanme level as for 20 the transformer with the silicon steel core. Wth
the increase in size of the core, an increase in size of the w nding wound

around t he cog%ﬂﬁ%fﬂsu%igggug%%en ioa,result, the transfornmer with the
anor phous al | oy Cot'e Thasan €ssen |a?'disadvantage that the entire 25

transformer; i s heavy iPtﬂﬁiQQ%oégﬁkié”ﬁﬁbﬁékféZ?ibﬁén Goupaggg with the
transfornmer wwth the silicon stee core:
forming the core of the transformer as described above
has a thickness on the order of 0.03 mm and a high
electric resistivity and hence, has an excellent
magnetic characteristic such that a decrease in core
10 loss to 1/3 to 1/4 of that of a usually used core made
of a silicon steel can be expected. However, for the
reason of constituents of the core, the core has a
saturation flux density of about 1.56 T (tesla) which
is lower by 20 % or more than that (about 2.01 T) of
15 the silicon steel.
Focr this reason, in the transformer with the
amorphous alloy core, the size of the core is
{ necessarily increased in order to determine the rated
voltage for the transformer at the same level as for
20 the transformer with the silicon steel core. With the
increase in size of the core, an increase in size of
the winding wound around the core is also induced. As
a result, the transformer with the amorphous alloy core
has an essential disadvantage that the entire
25 transformer is heavy in weight and large in size, as

compared with the transformer with the silicon steel

core.



- 3 Many attenpts have been nmade to provide inprovenents in core

manuf acturing technology and in structure of the core, but in the present
situation, it is difficult to provide drastic inprovenents due to an 5
essential problem associated with anorphous materials. The present

i nvention has been acconplished wth such circunstance in view, and it is
an object of the present invention to-pBovide a transfornmer with an

anor phous all oy core, wherein the |loss due to a loss (a 10 core loss) of the
armor phous al | oy core cantpeyfarth@ptsahkEgi feed, nade¢ &® PFovddse in capacity
can be provided. To achieve the above object, according to a first aspect
and feature of {RPECHPBERAE LAVEARLEOMENEISACREKENTS LELHVY Ya ancanisy or mer

wi th an anorphous alloy core, conprising transfornmer contents including an

anmor phous al | o§tEeFeURBdRL uENRgCARSanBEphblis thREgREESEN tr iSBEGWRE 188d & twi ndi ng
mounted on the core, _and_a tank in which the transforner contents are
contai ned, 20 thathbferPrbdtPnPERYEAS AFaaFdci dreneypEEnitedden Hné t ank so
as to contagct mﬁthnthe core Egnstitutig 8ne.%g_ t he %ransfornen contents
within the Tank>to"peftoPhr8 SFuREtrEh g? i HAEBi EPRGPERE SdMEdiE5di*5h of heat
O Al 0O ;22 £Co0rdl i 8, BEondRapech A4 LRULR honlilna eoon
with such circumstance in view, and it is an object of
the present invention to provide a transformer with an
amorphous alloy core, wherein the loss due to a loss (a
10 core loss) of the amorphous alloy core can be further
alleviated, and an increase in capacity can be
provided.
To achieve the above object, according to a
first aspect and feature of the present invention,
15 there is provided a transformer with an amorphous alloy
core, comprising transformer contents including an
amorphous alloy core made using an amorphous magnetic
ribbon, and a winding mounted on the core, and a tank
{ in which the transformer contents are contained,
20 characterized in that a liquid is encapsulated in the
tank so as to contact with the core constituting one of
the transformer contents within the tank to perform a
function of inhibiting the dissipation ¢f heat of the
core.
25 According to a second aspect and feature of
the present invention, there is provided a transformer

with an amorphous alloy core, comprising transformer

contents including an amorphous alloy core made using



wi th an anorphous alloy core, conprising transfornmer contents including an
anor phous alloy core nmade using - 4 an anorphous nmagnetic ribbon, and a

wi ndi ng nounted on the core, and a tank in which said transforner contents
are contained, characterized in that a silicone liquid is encapsulated in
said tank so as to contact with the 5 core constituting one of the
transforner contents within the tank te performa function of inhibiting the
di ssipation of heat of the core. According to a third aspect and feature of
t he present inw@n@anphDhér@agsepngvrdéboa t rands fRomried i nt0 meurtt eah canor phous
alloy core, conprising transforner contents including an anorphous all oy
core nade u5|n@heaﬁ,éﬁnr@h@u§ raghetncwhiibbosaidnd ransifiedimey mouniteed son t he
core, and a tank in which the transformer contents are contained,
characterized #het BARtalBefi cBRBrREEAFAZEY I8 EReapsulsitlddans tiHawishk so as
to contact with the core constituting one of the transformer contents
within the tankst%”%%P$6%ﬁ¥%¢fﬁﬂc??éﬁ BP“FnﬁPbﬁﬁlﬁﬁ CRET 3Gt 3iipaY ithe of heat
of the core to raise the, tenperature_of the core. 20 Accordlng to a fourth
aspect and ¥ eatre %?HSFHE“E% defbei RfehPPohr2NREPEMES FOMFERET

transf or ner s,alloy_core, npri,si ng transfarne ontents
i ncl udi ng an dﬁbh%h%ug %I HcB?epﬁéEBrﬁsanunﬁﬁlgﬁngﬁh6§§ |ﬁ9ﬁ ¢NS bbon,
and a wi ndi ng nDunlpgtlon 0f heat cof the core.

According to a third aspect and feature of
the present invention, there is provided a transformer

10 with an amecrphous alloy core, comprising transformer
contents including an amorphous alloy core made using
an amorphous magnetic ribbcn, and a winding mounted on
the core, and a tank in which the transformer contents
are contained, characterized in that a silicone liquid

15 1is encapsulated in the tank s¢ as to contact with the
core constituting one of the transformer contents
within the tank to perform a functicn of inhibiting the
dissipation of heat of the core to raise the

{ temperature of the core.

20 According to a fourth aspect and feature of
the present invention, there is provided a transformer
with an amcrphous alloy core, comprising transformer
contents including an amorphous alloy core made using
an amorphous magnetic ribbon, and a winding mounted on

25 the core, and a tank in which the transformer contents
are contained, characterized in that a plastic-based

coating insulating material is mounted around an outer

periphery of the winding so as to contact with the core



25 the core, and a tank in which the transformer contents are contained,
characterized in that a plastic-based coating insulating nmaterial is
nount ed around an outer periphery of the winding so as to contact with the
core - 5 constituting one of the transformer contents within the tank to
performa function of inhibiting the dissipation of heat of the core, and a
silicone liquid is encapsulated in the5tank so as to contact with the 5
core to performa function of inhibiting the dissipation of heat of the
core. Accordi agnssijuftiifich caspedt tded thremsficgmefr adnegirtesentthiiverhé on, in
addition to any of the first to fourth features, the liquid adapted to
perform the 102R¥n&Li BRIEPIIMA KHUiatd arhe Idilgdiigattiinw dftheheat of the core
is asilicone liquid having a |ower viscosity. According to a sixth aspect
and feature oflfFRePpréSENCY Mt i°dn thien caddi-t idW t9o RN GqFe hlidekdure, the
silicone liquid has a tenperature of flash 15 point in a range of 180C to
320C. Accordi h§ EBCAPSBYERER ddpdde ARdK S drfe 6 CANE G &5 fMenti on,
in additiog to the fifth_feature, the si%jcone Liquidtgg§ a dynam c

vi scosity 2cofPFFciF@nPSFR &M dndd st irromizd nddP ity 5 . 20 According to

an eighth aspgct and teaturehof tge resent invention, in addition to the
fifth featur8SEhBAEHPIcOte "FRGuICt FEE §%Emperature of flash

According to a fifth aspect and feature of
the present invention, in addition to any of the first
to fourth features, the liquid adapted to perform the

10 function of inhibiting the dissipation of heat of the
core is a silicone liquid having a lower viscosity.

According to a sixth aspect and feature of
the present invention, in addition to the fifth
feature, the silicone liguid has a temperature of flash

15 point in a range of 180°C to 320°C.

According to a seventh aspect and feature of
the present invention, in addition to the fifth
feature, the silicone ligquid has a dynamic wviscosity
coefficient in a range of from 20 ¢St to 50 cSt.

29 According to an eighth aspect and feature of
the present inventiocon, in addition to the fifth
feature, the silicone liquid has a temperature of flash
point in a range of 180°C to 320°C and a dynamic
viscosity coefficient in a range of from 20 cSt to 50

25 cSt.

According to a ninth aspect and feature of
the present invention, there is provided a process for

operating a transformer with an amorphous alloy core,



point in a range of 180C to 320C and a dynam c viscosity coefficient in a
range of from20 cSt to 50 25 cSt. According to a ninth aspect and feature
of the present invention, there is provided a process for operating a
transfornmer with an anorphous alloy core, - 6 conprising transfornmner
contents including an anorphous alloy core made using an anorphous nagnetic
ri bbon, and a w nding nounted on said €éore, and a tank in which the
transformer contents are contained, characterized in 5 that the transforner

i s operated | ROBPHAARBE EtRaANS{0rEeRK| consenitguildcisddmcapsulamadiiard he tank
so as to contact with the core constituting one of the transforner
contents withPhlPHeCPARRKTRECpEELBENER AFgAeTcss FRINGHUS t5iRPahe and

di ssipation of heat of the 10 core to raise the tenperature of the core, the

silicone |iqdi HIRAYPAGTAUTERPePRt GRedof OfFas ATFoirntt it a1 afyeh diheagoc to
320C and a dynam c_viscosity coefficient in, a range of from20 cSt to 50
cSt. Accordinbr?ﬂsfﬂémSFe§8ﬁFePﬁ§eﬁF?oﬁPnFﬁlp§d'1§ S5Y59% 3% ddtrease t he
| oss gener tedhiﬂ %He anDrEhous aL|Oé core %;.the i nhi bition of the

di ssi pati on of"the"A8at 3 StREM G ShERETAIFEY 1o rfe MoTRE Y, dt s

i ransforner .and to

possible to acQ evgnanlkngg ase in..ca cit% of E%e transfori
provi de the 20 i%%ns?or r aV|n8 gﬁgfﬁinglsﬁpcs Ex CEM et iF7 tHie
contact with the core constituting one of the
transformer contents within the tank to perform a
function of inhibiting the dissipation of heat of the
10 core to raise the temperature of the core, the silicone
ligquid having a temperature of flash point in a range
of 180°C to 320°C and a dynamic viscosity coefficient in
a range of from 20 cSt to 50 cSt.
According to the present invention, it is
15 possible to decrease the loss generated in the
amorphcus alloy core by the inhibiticn of the
dissipation of the heat of the amorphous alloy ccre.
Therefore, it is possible to achieve an increase in
{ capacity of the transformer and to provide the
20 transformer having characteristics excellent in the
prevention of disasters and the environmental
protection in addition to an energy-saving property
inherently possessed by the transformer with the
amorphous alloy core.
25 With the process according to the present
invention, the transformer is operated with the

silicone liguid, particularly, the silicone liquid

having the lower viscosity used as the liquid



prevention of disasters and the environnental protection in addition to an
ener gy-saving property inherently possessed by the transfornmer with the
anor phous alloy core. 25 Wth the process according to the present
invention, the transforner is operated with the silicone |iquid,
particularly, the silicone liquid having the |ower viscosity used as the
liquid - 7 contacting wwth the core eofistituting one of the transforner
contents within the tank to performthe function of inhibiting the

di ssi pati on ofonhechéay eitht hhecopese Thesefionging one pdssilit e to decrease
the 5 loss (the core loss) of the anorphous alloy core and to further
enhance the eh&r@§LeBENRAGCPRBPREBYWRREPeify tapds &6 @t IRrm Hér4 r ansf or mer
wi th the anorphous allo core, Other objects, features and advantages of
the 10 invenfFBATHWAT ogeéa%babbaaeﬁmf AomsiRe tHEN Qi e deadr it i on of

t he enbodi nents of the invention taken, in conjunction with the acconpanylng
dr awi ngs. BrlE?ed%%E?rptTBﬁISfOH?amﬁﬁgés E95§95161§QSQ$9ﬁ9q%§xﬂ

Cross-sectjon ans&or with an_ano s allo
accordi ng %o f%ﬁ ﬁ%%ﬂlﬁ%ﬁ? pSg gegggn?mPﬁP@ﬁPﬁ %ﬁﬂb Qf%g§%g§%bt|ona
vi ew t aken algng a line IL and shomnng the transf rmer_with the
ther enhance he energy-saving property inherently

anor phous

possessed by the transformer with the amorphous alloy

core.

Other objects, features and advantages of the
10 invention will become apparent from the following

description of the embodiments of the invention taken

in conjuncticon with the accompanying drawings.

Brief description of drawings:

15 Fig. 1 is a vertical cross-secticnal view of
a transformer with an amorphous alloy core according to
an embodiment of the present invention.

Fig. 2 is a sectional view taken along a line

! II-I1 and showing the transformer with the amorphous

20 alloy core as shown in Fig. 1 according to the
embodiment of the present invention.

Fig. 3 is a front view of the amorphous alloy
core constituting the transformer with the amorphous
alioy core shown in Fig. 1 according to the embodiment

25 of the present invention.

Fig. 4 is a vertical cross-sectional view of
a winding constituting the transformer with the

amorphous alloy core shown in Fig. 1 according to the



20 alloy core as shown in Fig. 1 according to the enbodiment of the present
invention. Fig. 3is a front view of the anorphous alloy core constituting
the transformer with the anorphous alloy core shown in Fig. 1 according to
t he enbodi nent 25 of the present invention. Fig. 4 is a vertical
cross-sectional view of a winding constituting the transfornmer with the
anor phous alloy core shown in Fig. 1 ac®-wrding to the - 8 - enbodi nent of
the present invention. Fig. 5 is a characteristic diagramof the

rel ati onshi p babgedmentie ctfeper Mr@sendt itverdoras.and the core loss in the
transfornmer with the anorphous 5 alloy core according to the enbodi nent of
the present invention. Ffdg. 36 1iSs 3a Gfemddalr igtdss Seagiamat vileay of a
transfornmer with an anorphous alloy core according to another enbodi nent of
the present iAGeAFIORSHLO Pegvern She SEERSGHIVEA W tierraTdmP%a i ne
VII-VII and showi ng the transfornmer with the amorphous alloy core shown in
Fig. 6 accordfFA§ f:%rteh o5ther dhsodinRERt FSthe e ddift aMREMPSh. Fig. 8 is

a vertical a_croii-sec%i onal virew of " 15 ae trrr%r%)g.orner v% Ftﬂ’\‘ﬁgn am)rlfi)hpus al I oy
core accordi n§t8Y §°F&r EREP TEMBGdITTe A S0 Werft! | MYOFi g, 9is
a sectional Vii%‘(,"e%%‘ﬁ%?]_al ong a line
Fig. 6 is a vertical cross-sectional view of
a transformer with an amorphous alloy core according to
another embodiment of the present invention.
10 Fig. 7 is a sectional view taken along a line
VII—VII and showing the transformer with the amorphous
alloy core shown in Fig. 6 according to the other
embodiment of the present invention.
Fig. 8 is a vertical cross-sectiocnal view of
15 a transformer with an amorphous alloy core according to
a further embodiment of the present invention.
Fig. 9 is a sectional view taken along a line
IX—IX and showing the transformer with the amorphous
{ alloy core shown in Fig. 8 according to the further

20 embodiment of the present invention.

Detailed description of the invention:

Embocdiments of a transformer with an
amorphous alloy core according to the present invention
will now be described with reference to the

25 accompanying drawings.
Fig. 1 is a vertical cross-sectional front

view showing one embodiment of a transformer with an



| X-1 X and showi ng the transfornmer with the anorphous alloy core shown in
Fig. 8 according to the further 20 enbodi nent of the present invention.
Det ai | ed description of the invention: Enbodinents of a transfornmer with an
anor phous all oy core according to the present invention wll now be
described with reference to the 25 acconpanying drawings. Fig. 1 is a
vertical cross-sectional front view shewng one enbodi nent of a transforner
with an - 9 anorphous alloy core according to the present invention, and
Fig. 2 is a shkderphewst akényakomg ackimelinkl thl tihe Eimgpseht In Figs. 1 and 2
the nuneral 1 denotes a tank of a transfornmer, which is provided at 5 its
upper portioninventaanepéniingilahi €hisnablsdslet Wéew amdweal amhg riselritrion of
transfornmer contents conprising a core 2 and a w nding 3 wound around the
core 2, whichIW Il be HeagcribedlhReFépraf teNdTHe Uhgneralerpldenotes a cover
whi ch cl oses the opening of 10 the tank 1, and each of the nunmerals 5 and 6
denotes a Ieﬁ@ﬂﬁﬁﬁstérgﬁﬁhlOﬁh?cﬁr?§5ﬁ@ﬁﬁﬁéd o iche icowarovd dail atconnect ed
to the winding 3. The nuneral 7 denotes a | ower fastener _nounted on a

bott om wi t Bi nLEReUPEAK ROTFREN YR 25 PRSNERSr "Rics &ofricsedst a | ower

menber 7a fixed to _the bottomwthin the tank 1, risinglnenbers 7b
removal and insertion of transformer contents

comprising a core 2 and a winding 3 wound around the
core 2, which will be described hereinafter. The
numeral 4 denctes a cover which closes the opening of
10 the tank 1, and each of the numerals 5 and 6 denotes a
lead-out terminal which is mounted on the cover 4 and
connected to the winding 3.
The numeral 7 denotes a lower fastener
mounted on a bottom within the tank 1. The lower
15 fastener 7 is comprised of a lower member 7a fixed to
the bottom within the tank 1, rising members 7b
provided at opposite ends of the lower member 7a,
respectively, and a flange 7c provided at a lengthwise
{ intermediate portion between upper ends of the rising
20 members 7b. The numeral 8 denotes a winding underside-
supporting member mounted inside each of the rising
members 7b of the lower fastener 7, and the numeral 9
denotes a vibration-proofing material which is mounted
on the lower member 7a of the lower fastener 7, and on
25 which the core 2 is placed.
The numeral 10 denotes a plate member
inserted intoc a space between an upper end of the

winding 3 and the core 2; the numeral 11 denotes a



provi ded at opposite ends of the | ower nenber 7a, respectively, and a
flange 7c provided at a |l engthwi se internedi ate portion between upper ends
of the rising 20 menbers 7b. The nuneral 8 denotes a w ndi ng undersi de-
supporting nmenber nounted inside each of the rising mnenbers 7b of the | ower
fastener 7, and the nuneral 9 denotes a vibration-proofing material which
is mounted on the |ower nenber 7a of- tlHe 4 ower fastener 7, and on 25 which
the core 2 is _placed. The nunmeral 10 denotes a plate nmenber inserted into a
space bet \Neenfgﬁna@péif%haeéf atheachi Adi R§CISARE EHelcorfe the thiedtrumeral 11
denotes a - 10 flange provided at _each of opposite ends of the plate

nmenber 10; th@eﬁﬁﬁﬁrgpé tbedBHBEES L8 WnEPRE LESsiBd & "sligisb iR Higisrenber
nount ed between a | ower sur&gce of the plate nmenmher 10 and_ the upper end of
the wi ndi ng 35YBP3RHIPReTAUREFal°¥ELE n8ﬁ5§e§nc@gﬁﬁWﬂﬁnﬁ%ﬁf%ﬁﬁ n the

fl 7c of the | f 7_and_the fl 11 the plate nember 10.
The wi ndi ng 3 BonBF LDt FAGCEhe. Ot PARSF BPmEPPEONERR &1 SHTIERbIcH Tot ween

(he Wi 1l 09 YRS BECSHIROLLANGSTRIREES 2,00, le i 1000 WNIELS) 05 10
contente are BYREGES 38, b ByeVABLELI 0-BRARL. MO JBOSE MAG, e Jank L
eleCtricallthEﬁgaﬁlate member 10. The winding 3 constituting the
transformer contents is interposed between the winding
upside-supporting member 12 and the winding underside-
10 supporting member 8 and clamped by the clamp 13,
whereby the transformer contents are supported in a
vibration-proofing manner within the tank 1.
The transformer contents are immersed in a
silicone liquid 14 serving as an electrical/thermal
15 insulating and cooling ligquid thrown intg the tank 1 to
perform an electrical insulating and cooling function
and a function of inhibiting the heat dissipation of
the core. It is preferable to select a silicone liquid
14 which performs the function of inhikiting the
20 dissipation of the heat of the core to maintain the
core at a higher temperature, in addition to the
electrical insulating and cooling function, and which
has a lower viscosity from the viewpoints of the
prevention of disasters and the environmental
25 protection and has physical properties such as a flash
point in a range of from 180°C to 320°C and a

coefficient of dynamic viscosity in a range of from 20

to 50 ¢St. Further, it is most preferable to use a



15 insulating and cooling liquid thrown into the tank 1 to perform an
el ectrical insulating and cooling function and a function of inhibiting the
heat dissipation of the core. It is preferable to select a silicone liquid
14 which perforns the function of inhibiting the 20 dissipation of the heat
of the core to maintain the core at a higher tenperature, in addition to
the electrical insulating and cooling Ilunetion, and which has a | ower
viscosity fromthe viewpoints of the prevention of disasters and the
envi ronnent al S251pPBLediA¥Adaid VHAY physiasdl psrigPeradqusl sikpashagieash
point in a range of from 180C to 320C and a_ coefficient of dynam c
viscosity in BPfBngaYcf #rOn®20°ctb150SR5t OTFGYPREAC Vi SiceSAtt Y éfler abl e
to use a - 11 _silicone liquid having a flash point equal to or higher than
250C and a co&FFicient of dynam c viscosity of 20 cSt. Fig. 3 is a front
vi ew showi ng one exanpl ﬁéof 5.a core 2 whi.ch is one of transforger ontents
constituting one enbodi feft of 18 fr &S dr e WY ERT £t pHETE ?I%§ core
according to the present. invention. In Fig.. 3, the caore 2 is forned by
Winding abpl Gr aPPEy Zof P Hat S cartr RIS TREgI 1T Bhohs 2a, 10 ¢ hen
spreadi ng the Laserting r.ibbons dn this tate intg the winding 3
and wi ndi ng tﬁn}égggiggggﬁgo%‘fgoﬁgﬂ%&dlﬁg ar?glrﬁh&ursannsagor{e"feirc i Orbo‘_’ln% 2a agai n.
amorphous alloy core according to the present
invention. In Fig. 3, the core 2 is formed by winding
a plurality of laminated amorphous magnetic ribbons 2a,
10 then spreading them once, inserting the ribbons in this
state into the winding 3 and winding the spread
portions of the amorphous magnetic ribbons 2a again.
Fig. 4 is a front view showing one example of
a winding 3 which 1is one of transformer contents
15 constituting one embodiment cf a transformer with an
amorphous alloy core according to the present
invention. In Fig. 4, the winding 3 is formed by
winding a lower-voltage electric wire 3a into a coil
{ configuration on an inner side, winding a higher
20 voltage electric wire 3b into a coil configuration
outside the lower-voltage electric wire 3a, and
disposing a layer insulating material 3c between layers
of the electric wires 3a and 3b.
A surface of the winding 3 is an exposed
25 portion of each of the electric wires 3a and 3b.
Therefore, the exposed porticn is covered with a

plastic-based coating insulating material 3d having a

heatproof characteristic, for example, at 30 K (Kelvin)



Fig. 4 is a front view showi ng one exanple of a winding 3 which is one of
transforner contents 15 constituting one enbodi nent of a transfornmer with an
anor phous all oy core according to the present invention. In Fig. 4, the
winding 3 is formed by wnding a |lower-voltage electric wire 3a into a coi
configuration on an inner side, winding a higher 20 voltage electric wire 3b
into a coil configuration outside the 12wer-voltage electric wire 3a, and
di sposing a |l ayer insulating material 3c between |ayers of the electric
wires 3a and 8b. MArsur facecHParrd Wil mg c¥nverdn agdosd 1P gwrti on of
each of the electric wires 3a and 3b. . Therefore, the exposed portion is
covered with B2sprasPpelphdBE BBAETAGLi-nsTngt g ShetGeraieREImviTHY a

heat proof characteristic, for exanple, at 30 K (Kelvin), - 12 or nore, as
conpar ed wi t h1BSBoAVEREI BARETEEI dPo¥bihadey s M3d He HatdsdaltoThe

pl asti c- based coathng insTIath mat er i_al gg whi ch may qilused i ncl udes,

for exanpl e, ®43PBIFanfdB® ¥aﬁéﬁgetﬁypéﬁ§eﬁ YasReh dieh N 135 4 y gheny | ene

| fide, | yim d the like. A ti, f the plast.ic-based ti
nsul at | ng? TR LFPHERSICREnE UL R WPt Rodr U 8 (e Sur face. of 1 he
core 2 exhibits a.coaling, ins Ia%Lng function .for the winding 3 and a heat
di ssi pat i on-i RRFB-ETngT 10 PURLEFGA T BP e cEod ™ instldeind

material 3d contacting with an outer peripheral surface
of the core 2 exhibits a coating insulating function
for the winding 3 and a heat dissipation-inhibiting

10 function for the core 2.

The operation of the transformer with the
amorphous alloy core according to the present invention
and one empodiment of a method for operating the
transformer will be described below.

15 When an alternating voltage is applied to the
lower-voltage electric wire 3a of the winding 3, an
alternating current flows in the lower-voltage electric
wire 3a to generate a magnetic flux within the core 2.

{ The generation of the magnetic flux causes an induced

20 voltage to be generated in the higher-voltage electric
wire 3b by an electrcmagnetic induction. Thus, a power
source veltage supplied 1s transformed and delivered.

During the transformation of the voltage, a
heat is generated in the core 2 due toc a core loss such

25 as a hysteresis loss and an eddy-current loss, but the
dissipation of the generated heat is inhibited by the
silicone liquid 14 contacting an outer surface of the

core 2. In this embodiment, the dissipation of the



The operation of the transformer with the anorphous alloy core according to
the present invention and one enbodi nent of a nethod for operating the
transfornmer will be described below. 15 When an alternating voltage is
applied to the |ower-voltage electric wire 3a of the winding 3, an
alternating current flows in the |lower-voltage electric wre 3a to generate
a magnetic flux within the core 2. Thel®eneration of the magnetic fl ux
causes an induced 20 voltage to be generated in the higher-voltage electric
wire 3b by anhebé&cefofignéoire iZndwctlindribitimgs evierpovertheonteetyott age
supplied is transfornmed and delivered. During the transformation of the

vol tage, a hbafefs cgendnst édsidetiadeded e idde 3D @ cldre Yoedisach- 25 as a
hysteresis | oss and an eddy-current | oss, but the dissipation of the
generated heat is inhibi't€d Byet Ke Ssdiaitdere Af dulied Mee ot ath® ngoEd out er
surface of the core 2. In this enbodi nent, the dissipation of the - 13

heat of the céréS2iP8iPdfeEnirt & e rEMPEF e SpIcdstine IR chat Fagsed
insulating_material .3d on the wi ndi,ng 3. . Wen the dissi i on_of the heat

of “the cocs %18 MRITBALEET Shoor rgort dEIST { IS Cordt i1 7o bke 5 and
mai nt ai ned at _a_.hi.gher level ., As a result of .the raising of {he tenperature
of the core ZFatlﬁéggl 8ét (I?tl\llg LPRERLPIREE \ﬁf?ljﬁhr‘? tct?erecof’e %‘? se#%%?ﬁja%ed, and

the eddy_curEggaskgﬁ%eg%Q%%§EGQh%nc%@% Con& %Aé%é¥§g§?§591 the

eddy-current loss generated in the core 2 is decreased,
resulting in a decrease in core loss. The loss (core

10 loss) generated in the amorphous alloy core 2 is
lowered as the temperature cf the core is raised, as
shown in Fig. 5. This is mainly due to a decrease in
eddy-current loss in the amorphous ailoy core 2, but at
a temperature of 100°C, a decrease in loss equal to or

15 higher than 5 % of the core loss at generally room
temperature can be achieved.

The above-described decrease in core loss cof
the core 2 ensures that a difficulty to increase the
( flux density due to an essential problem of the

20 amorphous alloy core 2 can be improved. Therefore, for
example, 1f the transformer according to the present
invention is formed at the same size as a conventional
transformer of an amorphous alloy core type, then it is
possible to raise the operating temperature for the

25 transformer from 120°C to 180°C in a range of 15 K to 75
K or higher, as compared with the conventional
transformer, and to increase the capacity of the

transformer.



resulting in a decrease in core |loss. The loss (core 10 | oss) generated in

t he anorphous alloy core 2 is |lowered as the tenperature of the core is
raised, as shown in Fig. S. This is nainly due to a decrease in
eddy-current loss in the anorphous alloy core 2, but at a tenperature of
100C, a decrease in |loss equal to or 15 higher than 5 % of the core | oss at
generally room tenperature can be achi B¥ed. The above-descri bed decrease in
core loss of the core 2 ensures that a difficulty to increase the flux
density due to an essentlifalthgr siramidfy tdfe 26 dntphiousnal | by sokea® can be
i nproved. Therefore, for exanple, if the transformer according to the
present invehPFoRaNe f67Red 3t thife coawendiinak wrabnivereonal theansf or mer
of an anorphous alloy core type, then it is possible to raise the operating
tenperature f8FOrREODS flarsf GoRsr e P2HE td BB P Fangkzefcis K to

'ncrease the GHBaCPEG o onE T ETRS or HLe BU8p I1EHEISEpaey of t he
oot or et | 557k o, WA TRE KOl B LRI aggeloger of (e
schi oved. Tl eaa,Lfl Weloss, Ule S uidia 3 ounked, ongpe core 2 to
application of the plastic-based coating insulating
material 3d and the siliccne liquid to the winding 3 of
the transformer with the amorphous alloy core enables
10 the raising of the temperature of the entire
transformer contents, leading even to a remarkable
reduction in size of a cooling duct between the lower-
voltage electric wire 32 and the higher-voltage
electric wire 3b, thereby further promoting reductions
15 1in size and weight of the winding 3.

Further, the raising of temperature of the
entire transformer enables reductions in sizes of other
cooling ducts between the winding 3 and the core 2 and

i between the winding 3 and the tank 1, thereby
20 exhibiting a large effect to reductions in sizes and
weights of not only the amorphous alloy core 2 but also
the entire transformer.

As described above, according to the
embodiment of the present invention, it is possible to

25 1improve the difficulty to increase the flux density due
to the essential problem of the amorphcous alloy core 2

to increase the capacity. It is also possible to

provide reducticns in size and weight of the entire



application of the plastic-based coating insulating material 3d and the
silicone liquid to the winding 3 of the transforner with the anorphous
all oy core enables 10 the raising of the tenperature of the entire
transforner contents, |eading even to a renmarkable reduction in size of a
cool ing duct between the |ower- voltage electric wire 3a and the

hi gher-voltage electric wire 3b, thereby further pronoting reductions 15 in
size and weight of the winding 3. Further, the raising of tenperature of the
entire transf bFABPLenABIes 23Fed@iPiagRsl Wity A& sforstigrionsdbl i ng ducts
between the winding 3 and the core 2 and between the winding 3 and the tank
1, thereby ZotéﬁﬂﬁgPFmﬁé Barapge thef S¢fee Gaedid-ons in sizes and weights
of not only the anorphous allqy core 2 but also the entire transformer. As
descri bed above, accordfngSto® RED dnisEFnERC oL IFRREIRHRE i DVvehtion, it

is possible to 25_.inprove.the difficulty to_.increase the flux density due
to Phe essentFﬁ?n§F8gB§ﬁ1Hﬂ%ghénaﬁﬁPﬁﬁ&i§§mq%£P%xﬁ9¥%2aqqpﬁ Balse t%e

capacity. |t %é al so go si.bl e %o pr o id% reductions in size and wei ght of
the entire>- 18° PFEREFSr el ST4d Clonpaled Wi th e &S rits ol transf or mer

T ! e SaPEERRALL Bt 3001 S anothel PRI, o
same portions as those in Figs. 1 and 2 and hence, the
description of them is omitted.

The numeral 15 denotes an upper fastener
10 disposed above a core 2. The upper fastener 15 is
comprised of an upper member 1lba lcocated above the core
2, down members 15b mounted at opposite ends of the
upper member 1l5a, and a flange 15c mounted at a
lengthwise intermediate portion between lower ends of
15 the down members 15b. The numeral 16 denotes a winding
upside-supporting member mounted inside each of the
down members 15b of the upper fastener 15.
The numeral 17 denotes a vibration-procfing
( material mounted on the upper member 1l5a of the upper
20 fastener 15%. The vibration-proofing material 17 is
mounted in contact with an upper portion of the core 2
to prevent the vibration of transfeormer contents by
cooperation with the above-described lower vibration-
proofing material 9. The transformer contents are
25 interposed between the lower fastener 7 and the above-
described upper fastener 15 and clamped by the clamp

13, whereby they are supported in a vibraticn-procfing

manner within the tank 1.



5 the present invention. In these figures, the same reference characters as
in Figs. 1 and 2 designhate the sane portions as those in Figs. 1 and 2 and
hence, the description of themis omtted. The nuneral 15 denotes an upper
fastener 10 di sposed above a core 2. The upper fastener 15 is conprised of
an upper nenber 15a | ocated above the core 2, down nenbers 15b nounted at
opposite ends of the upper nenber 15a,l@nd a flange 15c nounted at a

| engt hwi se internedi ate portion between |ower ends of 15 the down nenbers
15b. The nuneral 16 den@E@sn@mﬁrﬁ& AG Aepsit@s fuppianiiig rerdekdasuit ed

i nside each of the down nenhers 15b of _the upper fastener 15. The nuneral
17 denotes a 9RBPaffoklfr S6FLRG MeEosT P tde s ntheYppeiehehdRr 15a of
t he upper 20 fastener 15. The vibration-proofing material 17 is nounted in
contact with SHPEPPErNFofErERTof tife W6 9y ¢ aRt G s t Vi th%ti on of
transfornmer contents b coqoperation with the above-descr.i bed, | ower

vi bration- prB8PFhg™ @Fiigag.t edFW5h§F3#W§%%g%hﬁﬁﬁf§ﬂ5?é” 1™ er posed

bet the | ower fast 7 and t - i bed f ast 15 and
Cl anped by’ t hBP e ‘TS0 ABLOBY TRey & S URFoERE T e WL | b pr oof | ng

manner W thin_th n . The, nuner.al denot es an openi ng provided
in each of tﬁécfgi 1és")lilnlg&’%eo g%{i?g gﬁd Hhe lvmsngf‘l r?g Rindersi ef) the

silicone liquid 14 in a direction toward the core 2 to

some degree.
In this embodiment, the lower and upper sides
10 of the core 2 are covered with the lower fastener 7 and
the upper fastener 15, respectively, and an
intermediate portion of the core 2 is covered with the
winding 3. Therefore, the flowing of the siliccne
liquid 14 toward the core 2 is suppressed, whereby the
15 dissipation of heat ¢f the core 2 is inhibited. Thus,
it is possible to control the raising of the
temperature of the core 2 with a good efficiency. It
is also possible to decrease the core loss of the core
( 2 and to further increase the transforming efficiency.
20 According to this embodiment, it is possible
to improve the difficulty to increase the flux density
due to the essential problem of the amorphous alloy
core 2 as in the previously described embodiment to
increase the capacity of the transformer. It is also
25 possible to improve the reductions in size and weight
of the entire transformer, as compared with the
conventional transformer having the same capacity.

Figs. 8 and 9 show a further embodiment of a



supporting nmenber 8 in the |ower fastener 7 and the upper nenber 15a, the
down nenber 15b and the wi nding 5 upside-supporting nmenber 16 in the upper
fastener 15. Each of the opening 18 permts the passage of the silicone
liquid 14 in a direction toward the core 2 to sone degree. In this

enbodi nent, the | ower and upper sides 10 of the core 2 are covered with the
| ower fastener 7 and the upper fastenet715, respectively, and an
internediate portion of the core 2 is covered with the w nding 3.

Theref ore, therpnehPgesf Wikd sn ipFe@hqusgyld o cowararededeed et is
suppressed, whereby the 15 dissipation of heat of the core 2 is inhibited.
Thus, it is pBSsPBRESHE &BNERGROThe rdi SNRF DO tHE ST entt iR of the core
2 with a good efficiency, It is also possible to decrease the core |oss of
the core 2 ahBIEEEPIPt REBATRRERFESSES HE thidhstrdithg 93, 20
According to this.enbodi.nent, it is possible to inprove the difficulty to

i ncrease the PPaX18BAsPLyt BﬁetPoth§Q£ﬁﬁﬂﬁqqgl Iﬂ%eﬁﬂQﬁet¥ﬂ9%ﬁﬁﬁiﬁous
alloy core 2_as_in the previously descrihed enbodi t to _increase the
capatity of (RE EPEnSPOPRGELCRETEE S5 st oo el & (0 T VS ho
reductions in_si,z iLgh f .t nti t ransf or ner S ared with

t he conventiSﬁglﬁ?ﬁggérgb%ebeﬁ§§ﬁﬁgﬁfﬁbCﬁ%ﬁ%“@%ﬁ%%ﬂ?%% %ﬁ%&.cgyg%d 9 show a
further enbOdeBBBiﬁgn@ bo%ﬁrises an arrangement in which the

openings 18 provided in the upper fastener 15 and the
lower fastener 7 have been eliminated, and in which the

10 lower and upper sides of a core 2 are covered with the
iower fastener 7 and the upper fastener 15,
respectively, and the intermediate portion of the core
2 1s covered with a winding 3, so that the flowing of
the silicone ligquid 14 toward the core 2 is further

15 suppressed.

Thus, the dissipation of heat of the core 2
is further inhibited. This makes it possible to
control the raising cof the temperature of the core 2

| further efficiently. As a result, it is possible to
20 further decrease the core loss of the core 2 and to
further increase the transforming effect.

According to this embodiment, it is possible
to improve the difficulty to increase the flux density
due toc the essential prcblem of the amorphous alloy

25 core 2 to increase the capacity, as in the previously-
described embodiment. It 1s also possible to further
improve the reductions in size and weight of the entire

transformer, as compared with the conventicnal



transfornmer with an anorphous alloy core according to the present

invention. In these figures, the sane reference characters as in Fig. 6 and
7 designate portions simlar to or corresponding to those indicated 5 by
the sane reference characters as in Figs. 6 and 7 and hence, the
description of themis omtted. This enbodi ment conprises an arrangenent in
whi ch the openings 18 provided in the upper fastener 15 and the | ower
fastener 7 have been elimnated, and in which the 10 | ower and upper sides
of a core 2 ateacsfersewihdyirte tHowsmd astrenert w. and t he upper fastener

15, respectively, and the internediate portion of the core 2 is covered
with a winding 3, so that tihe firdvitig ion ahet st |diconipdtgom dod4thoward t he
core 2 is further 15 suppressed. Thus, the dissipation of heat of the core
2 is further hiealii bift &die THIre rakes the possiairee tolqwbht 1l Cahect apsi ng of
the tenperature of the core 2 further efficiently. As a result, it is
possi bl e to 20NEYLEREL edddive &3 iHe SCorid 1108y ot dreliRe@nd to furt her
increase the transform ng effect. According to this enbodinent, it is

possi bl e to PAPPEVEEr e di iISATMRL 7o dThredsed t e 1PIREHeeFE y2Sdue to the

essential problem of the anorphous alloy 25 core 2 to increase the capacity,
as in the pregirégél ?—ap(?és&%rbg’c? élr?r‘r:c‘}{ii“ﬁ‘etrﬂ‘?uq t15% DS PHOISTBTREES f urt her

Inprove the reductions in,size and weidht of the entire o 3 of the

transformer with the amorphous alloy core.
In the above-described embodiment, the liguid
10 for performing the function c¢f inhibiting the
dissipaticon of heat of the core may be the silicone
liquid having the lower viscosity. Thus, if the
silicone liguid is vaporized and burned, a silica layer
is formed, and a silicone gel layer is further formed
15 under the silica layer, leading to a higher self-
flameproofing property by which the supplying of oxygen
is cut off to inhibit the burning. As a result, the
transformer is optimal to be used outdoors and indoors,
which also contributes to the simplification of a fire
20 extinguishing eguipment.

Further, the silicone ligquid having the lower
viscosity is hydrolyzed in the atmosphere to change
back into silica, which is soft to an ecosystem, re-
utilizable and excellent in economy.

25 It should be further understood by those
skilled in the art that although the foregeing
description has been made on embediments of the

invention, the invention is not limited thereto and



transforner, as conpared with the conventional - 18 - transformer having the
sane capacity. If the inhibition of the dissipation of the heat of the core
2 by the silicone liquid 14 cannot be insufficiently exhibited in the
above-descri bed 5 enbodi nent, for exanple, an insulating paper such as

kraft paper can be used w thout use the plastic-based coating insulating
material 3d on the wnding 3 of the ¢traastornmer with the anorphous all oy
core. In the above-descri bed enbodi ment, the liquid 10 for performng the
function of i whirhicisghadrwesdiasl patdiohi oft iwat iy tihe code wayhbett he
silicone liquid having the |ower viscosity. Thus, if the silicone liquid
is vaporized &ge®adsirined fpsithesrayidr of sthordenthan aasdl feene gel | ayer
is further formed 15 under the silica layer, leading to a higher self-

f1 anepr oof i ng SEBFertly Hie inrandae Siipiptsi ng of oxygen is cut off to
inhibit the burning. As a result, the transformer is optimal to be used
outdoors and indoors, which also contributes to the sinplification of a
fire 20 extinguishing equipnent. Further, the silicone |iquid having the

| ower viscosity is hydrolyzed in the atnosphere to change back into
silica, which is soft to an ecosystem re- utilizable and excellent in
econony. 25 It should be further understood by those



skilled in the art that although the foregoing description has been nade on
enbodi nents of the invention, the inventionis not limted thereto and - 19
vari ous changes and nodifications nay be nade without departing fromthe
spirit of the invention and the scope of the appended clainms. - 20 -

CLAIMS: 1. A power transformer wth an _anorphous alloy core, conprising
transfornmer contents including an aﬁn?ﬁhﬁus all oy core nade using a
plurality of hous magnetic ribbons as | am nated, and a w ndi ng

nmount ed on sé?gg@%fe, and a tank in which said transforner contents are

cont ai ned, aq_insulatiq&a¥5§@£ianggg%%ﬂiIQ%%ggoéﬁngm g%gP%E?ﬁgﬁggg?é

contents being encapsulated Tn said aracteri z

winding is made.of aodayetihpsulahseormdt sSposed,bst yeen 8278 Layers of a

plurality of wndings, and a plastic-based coating insulation material or

a sheet-1ike goat@tbhdsal pb) obo PRt REMAl usiS@i 8 pRUesL akyceating a periphery
of said windings and in contact wth said anorphous alyoy core to perform

heat - r adi at i aiind @S S £t ELDEL OB Oh s SAE d] @&hl Bt 681 eandandwsaidniynsul ati on
cooling nediumis a silicone liquid in contact with said anorphous all oy
core to mounted on said core, and a tank in which said
transformer contents are contained, an insulation
cooling medium for cooling said transformer contents
being encapsulated in said tank, characterized in that
said winding is made of a layer insulation
disposed between each layers of a plurality of
windings, and a plastic-based coating insulation
material or a sheet-like coated insulation material,
said material coating a periphery of said windings and
in contact with said amorphous alloy core to perform
heat-radiation restriction function of said alloy core,
and
said insulation cooling medium is a silicone
liquid in contact with said amorphous alloy core to
inhibit a functicn of heat-dissipation of said core so

as to increase a temperature of said alloy core.

2. A power transformer with an amorphous alloy
core according to claim 1, characterized in that said
silicone liquid has a temperature of flash pecint in a

range cf 180°C to 320°C.



inhibit a function of heat-dissipation of said core so as to increase a
tenperature of said alloy core. 2. A power transfornmer wth an anorphous
alloy core according to claim1, characterized in that said silicone
liquid has a tenperature of flash point in a range of 180C to 320C. - 21
3. A power transfornmer with an anorphous alloy core according to claima1,
characterized in that said S|I|cone |$hUId has a dynanlc Vi scosity
coefficient a rangg of fro 35 o 50 ower tr nsf or mer
with an annrghous al | oy 38&95 a i o . %Qla PR eri%ed in t hat

said  sili CO@SgE' qui-d has, t%e@i%rﬁ Llre c%f 'cac%*h%c{“ui it TADRP of 180C

to 320C and a dynamc VIS 05|ty Soet fi'cient a range of cSt to 50
cSt. silicone liquid has a dynamic viscosity coefficient in

a range of from 20 ¢St to 50 cSt.

4, A power transformer with an amorphous alloy
core according to claim 1, characterized in that said
silicone liquid has a temperature of flash point in a
range of 180°C to 320°C and a dynamic viscosity

coefficient in a range of from 20 cSt to 50 cSt.



