27 APRIL 2006 1 TITLE OF THE | NVENTI ON GAS | NSULATI ON TRANSFORMERARRIEREPEOF
THE I NVENTION 5 The present inventiomrelates to a gas insulation
transforner, especially pertaining to the gas insulation transfornmer, in
the tank of which transfornmer a gas is sealed, the global warm ng
coefficient of which gas is rated 1 or below 10 DESCRI PTI ON OF THE RELATED
ART It BITeR QEpPERs INNENTIOANe retardant or inconbustible characteristics
are required for a transforner installed in a building, an underground
substati on anGBASOINBULATIAN ARAESAOBMER of such i nconmbustible type of
transforner as nentioned above, 15 a gas insulation transformer in which an
i nconbustible gas is sealed, which gas is nostly centered on sul fur
hexaf |l uoride (hereinafter, referred to as SF6 gas) . This is, viewed from

an ele I pRL At he fact that the dielectric strength of the
SF6 gasEFétggggoghﬁaggﬁ§ﬁE&§Niines as large as that of 20 the air under

at nospheric pressure while being extrenely stable in heating and chem cal
charicteri stits® RReFENA FPVFthPSbFEEa&?ént& aS@@sdéd‘rSé@satéé?ﬂi grade under

noncatal ytic condition. Hereafter, one exanple of the prior art is described
with réferghesmes, Fergeeeiallys pRirg@iaiasionsthe s 1 ynsekatiomal side view
of the prior 27 APRIL 2006 2

transformer, in the tank of which transformer a gas is sealed,

the global warming coefficient of which gas is rated 1 or below.

10 DESCRIPTION OF THE RELATED ART
It often happens that flame retardant or incombustible
characteristics are required for a transformer installed in a
building, an underground substation and so forth. As an example
of such incombustible type of transformer as mentioned above,
15 a gas insulation transformer in which an incombustible gas is
sealed, which gas is mostly centered on sulfur hexafluoride
(hereinafter, referred to as SFs; gas). This is, viewed from an
electrical point, due to the fact that the dielectric strength
of the SF¢; gas is approximately 2.6 times as large as that of
20 the air under atmospheric pressure while being extremely stable
in heating and chemical characteristics, wherein it is stable
even at 500 degrees Centigrade ﬁnder noncatalytic condition.
Hereafter, one example of the prior art is described with
reference to Figure 4.

25 Figure 4 shows a partly sectional side view of the prior



gas insulation transfornmer. SF6 gas is sealed in a tank 3 ther edfAPRIR3006 s
provided with a waveformrib 5 for coaling. This gas is sealed under the
application of pressure in the tank so as to enhance the cooling and

i nsul ating characteristics thereof. 5 The tank 3 is arranged such that it
wel | stands the_conpressed _sealing of the gas 19. An iron core 1 and a coil
2 are r &t vBAVLATLRE tEARSBOIMe R (e WAL 19t 15 pitedre3sihrepfate is
adopted as a material for the iron core, it is arranged such that a coating
oper at i orhd0 iis prerfistate v igh thevavgt orm | ik fation swrfiaee. tHeieofasThis is
due to the followi ng reason. Where a netallic¢ material exists in the SF6

gas, theidmicenieal undeg riet apbeidiassohnved ptetbertenpethéutenkose ddan 200
degrees Centigrade, which dissolution is further pronoted with the 15

exi st encg, %Bh‘é’ﬁ%%rt}?&@o%ﬁi-nﬁ“%n@ﬂhé&@@@iha éﬂ‘&’ré?@@f‘l§@lc£ \j\'ﬁ%feof\'.o- 459

i ssued by the Institute o ectrical Engineers of Japan, ere there exist

f
wat er. C ent. _an i1 e e l.ate therein, LLLcC S ks.as a
cat afsys?ﬂi%r%gsn%tg Jgéria{nlglpagb%elsfg sﬁJyCJ?gl%fgcl I-s:LQ ggi?hsetg}é%e@g ucroeﬁyi%% Sween 150 to
200 degrees, Centigrade, the 20 chem cal formula of which is shown in the
fol | owi i +Heftednt™@s R D2 - 2SF6 + 6H20- -> 2 S + 12HF + 02 (1)
Hydrol ysis generates sul fur dioxide gas SO2 and hydrogen fluoride gas HF,
as the count eAfed¥erecagai Astnghfchoalcdar Thgre oS vperat i dre i periorned on
the no-filmed | am nation surface of 27 APRIL 2006 3
In the event that a silicone steel plate is adopted as a material

for the iron core, it is arranged such that a coating operation
10 1is performed on the cut or lamination surface thereof. This is
due to the following reason.
Whereametallicmaterial exists in the SFggas, thematerial
begins to be dissolved at the temperature more than 200 degrees
Centigrade, which dissolution is further promoted with the
15 existence of water content. Asmentioned in the technical report
No.459 issued by the Institute of Electrical Engineers of Japan,
where there exist water content andsilicone steel plate therein,
silicon Si works as a catalyst so as to bring about hydrolysis
at the temperature between 150 to 200 degrees Centigrade, the
20 chemical formula of which is shown in the following
representation (1).
2SF¢ + 6H0 -> 2 SO, + 12HF + O3 (1)
Hydrolysis generates sulfur dioxide gas SO; and hydrogen
fluoride gas HF, as the countermeasure against which a coating

25 operation is performed on the no-filmed lamination surface of



the iron core 1 of the SF6 gas 19 seal ed insul ation transforner2? ARRIk 206y |
the SF6 gas generates such dissol ved gas as hydrogen fluoride gas HF, sulfur
tetrafluoride gas SOF4 or sul fur dioxide gas SO2 under arc di scharge or
partial discharge. The 5 hydrogen fluoride gas HF causes asphyxiation and
highly irritating odor, the contact with which gas causes the skin and the
eyes to Hhe éopnareratledfvith ¢ SHohgas difapaailed brswhpthopadsransieimegrt he
respiratory organ to be danaged. Mreover, the sul fur dioxide gas 302

| i kew se cause&srsiheang the ISRt igrg oeorerattes Hhdmhhl sdoloredfgadi &é gas to
hi gh degree causes the lungs to be damaged. Accordingly, on safety and

hygi eni G y@rHast 1hbride JaIERI bl fit Bet £h £ U000F dSUFds 8885 8% ASL ARAL I oned
above in the atnosphere. As the counterneasure agai nst such inconveniences

as b2 AEAAHIRCEANAE. uhhek SIS UA c}rglba YL 35 ity Idih 5, gam gea) ed

i nsul ation transformef 1s structura rang ee from corona ~ di scharge,
and Ls incorporated with an agﬁgrbelpt of thlg gi Sf0| ved ggss&i. It is
furt Rer FEhAigSey T3 IR A dote 3RS s2EPBE L BFA0BNERE fr8f€scapi ng i nto
t he at nosphere when the internal 20 system becones out of order. Therefore,
the tankZ¥Fitetdnchnged . SRRIFAHACT Wikd YREFAMRS i ohphessbdnsandi ng of
the gas 19 as well as the increase of the internal pressure thereof when
it is outheokyesdép. b&t henesénasebuvkiilagthal ysh@lahdon oflepresiiagi ng t ank
20 are provided therewith so as to prevent 25 the hazardous gasses as
di ssol vediisheretite Fesmieatapiyngr dah @ odre ARREe20Moreover, the sulfur
dioxide gas S0, likewise causes strong irritating odor, the
10 inhalation of which gas to high degree causes the lungs to be
damaged. Accordingly, on safety and hygienic grounds, it is
undesirable to let go of such gasses as mentioned above in the
atmosphere.
As the countermeasure against such inconveniences as
15 described above, it is usual inmany cases that the SFs gas sealed
insulation transformer is structurally arranged free fromcorona
discharge, and is incorporated with an absorbent of the dissolved
gasses. It is further required that the hazardous gasses be
prevented from escaping into the atmosphere when the internal
20 system becomes out of order. Therefore, the tank 3 is arranged
such that it well stands the compressed sealing of the gas 19
as well as the increase of the internal pressure thereof when
it is out of order. Otherwise, a bursting valve 9 and a

depressurizing tank 20 are provided therewith so as to prevent

25 the hazardous gasses as dissolved therein from escaping into



t he atnosphere. As another prior exanple, a tank is disclosed i# APRIL 2006
Japanese Patent Application Laid-opengNo.2000-69631, which tank is provided
wi th a mechani smwherein a nitrogen gas filled bag 5 is connected to the
bursting valve, which bag is provided in the tank, so as to let go of only
ni.trogen gas into the atnosphere upon the operation of the bursting valve
trigger etiebgtimbephecreease of the internal pressure thereof when it is out
of order. To note, in Figure 4, reference nunerals 6, 7 and 8 indicate a

conpound 10 gasgenbehbeapuiert beap@diet,i e tanknagatd v assuie et he
internal gas, a first termnal and a second term nal, respectively.

Fur t her 7 ,tBe .dananase: RaLenk ARk cald o, dakd- 08863000, 50253, 8 scl oses

a transforner that adop?s the F31 gas or a m Xt ure contalnlng the sane gas

that is, snall n Iobal 15 .war coeff|C|ent as_an J ul and
cool i ng *eldt U df—é mtecthﬁe lfmdmggs Fon® o?l?ﬂog%nqerenlggl Cf t Parties

to the United Natlons Franemnrk Cbnventlon on Climte Change: A COP3, held in
Kyot® ohSDEEBABEESANteosRe PHIRALRE HAL¥RIs¥fdRD Pé@ué§|BEQﬂ%Qii ifor the
respective greenhouse effect causing 20 gasses has been defined, which
gasses icheltaisk SE6 amsobest desof @@y CHETogE0 gasFtnand IFFEtmAS Pieser | bed
above, the SF6 gas is chemcally stable, the lifetine of which |asts 3,200
year s i npohhtheadp@sphise o fartte barbitghbwdapabt eg9é ratser bhad nicrfenarced rays,
t he gl obal warm ng coefficient of which is 23,900 tines as |arge 25 as that
of C2. cAceredingetfat hprBlovarbernt88 i whua ok theod? APERLEAZR06TH

note, inFigure 4, referencenumerals 6, 7 and 8 indicate a compound
10 gauge tomeasure thepositiveornegativepressureof the internal
gas, a first terminal and a second terminal, respectively.
Further, the Japanese Patent Application Lgid—open
No.2000-150253 discloses a transformer that adopts the F3I gas
or a mixture containing the same gas that is small in the global
15 warming coefficient as an insulating and ccoling medium.
However, at the 3 Session of the Conference of the Parties
to the United Nations Framework Convention on Climate Change:
COP3, held in Kyoto on December in 1997, in which an emission
reduction target for the respective greenhéuse effect causing
20 gasses has been defined, which gasses include SF¢ gas besides
CO,, CHs, N0, HFC and PFC. As described above, the SFs gas is
chemically stable, the lifetime of which lasts 3,200 years in
the atmosphere, and ishighly capable of abserbing infrared rays,
the global warming ccefficient of which is 23,900 times as large

25 as that of CO;. According to the November 1998 issue of the



Electrical Society magazine, it is reported that the gas insul ZtARfL 2006
equi pnent annual ly di scharge SF6 gas sn the order of 50 tons upon

i nspection and in the order of 10 tons upon denolition while annually

| eaking the sane in the order of several 5 tons. The sanme situation
natural |y applies to the SF6 gas sealed insulation transfornmers upon the
inspectﬁgﬁcﬁﬁécéénﬁpFﬂﬁéﬁ maRgdZdaYe . THushS tIRPASE GftIBFE e ¥aSgeneral is
| arge setback against the protection of the global environnent. Then, a
coati ngiopeitation eguipgeinrtednhnor ltllye dirsgrhamye SEO gésofint hbeSE&dgas 19
sealed insulation transfornmer so as to prevent the material of the core

from acbiEngoasoascapahytingpeeitdlonf @nd hidrile/ sd Sde Wb £ atges sup g
streanm i ning of the production steps. Likew se, the fact that the SF6 gas

seal ed HQmB*ﬂ?ﬂBH‘&hi?ﬂhé %ingmgérﬂfi%%%iﬁﬁ;q%é S5l thg%rtd%%f)%eﬁz%rr%g.t ural l'y

sturdy 15 agai nst suc internal pressure, which tank shou
arr geg fur%ﬂgr sturdy_in_structure # king ,i.nto,co sig rations .upon the
i ncfg;as °6f - the isﬁpgr%gp%?éggul}%m{%ae iei'\()fap%r%elnesi £9i Jie EP ° Sre&é‘te,doso as to
prevent the_hazardous gasses from discharging into the atnosphere under arc
di schar §B8SB+2paPRi FF22HLATFEEHRSr JEOTOTHE WEP ST 9% Nt Affet thbena
depressurizing tank 20 together with a bursting valve 9 are provided
t her ei nthereof heThas potke ot setobpiig Jalve Inagenesad dasdesarr emtbeaki ng into
t he atnosphere. This causes the weight and the production cost of the gas
i nsul at agaitsansher pepteotinar edsehe?ylhdalr cad-iatormoad €d transformer is
di sclosed in the 27 APRIL 2006 6
Then, a coating operation is required for the iron core
10 1 of the SFgsgas 19 sealed insulation transformer so as to prevent
the material of the core from acting as a cétalytic metal for
hydrolysis, which hampers the streamlining of the production
steps. Likewise, the fact that the SF¢ gas sealed in the tank
3 is compressed requires that the tank be structurally sturdy
15 against such high internal pressure, which tank should be
arranged further sturdy in structure taking into considerations
upon the increase of the internal pressure thereof when it is
out of order, so as to prevent the hazardous gasses from
discharging into the atmosphere under arc discharge or partial
20 discharge. Otherwise, it is arranged that a depressurizing tank
20 together with a bursting valve 9 are provided therein for
the purpose of stopping the hazardous gasses from leaking into
the atmosphere. This causes the weight and the production cost

of the gas insulation transformer to increase.

25 A forced-air-cooled transformer is disclosed in the



Japanese Patent Application Laid-open No.2000-150253, which trad&ARRIF3P06
requires a cooling device. SUMVARY OFs THE | NVENTI ON 5 The present invention
is to provide a gas insulation transforner that contributes to the
protection of the global environment and is light in weight and low in
production cost. The sel f-cool ed gas insulation transforner_according to

t he pred@mRNERFe RETER tc MR At 101 dppkt z0RaN i M| 440 figl A2 P 3 onvhighcore and
a coil wound around the iron core, a tank receiving the equi prment therein
and an itremts fgamefn |degrhired ke ¢anidrag deni¢asul ating cooling medi um the
gl obal warm ng coefficient of which gas is rated 1 or below Alternatively,
the insulating and cooling mediumfilled 15 in the tank may be an inert
gas, the nol ecul ar weight of which gas is less than 146. Alternately, the

i nsul at isignARe ¢20lHR0 MRAINIIdRY be any one of nitrogen gas, carbon
di oxide gas and dried air or a mxed gas thereof. 20 Alternatively, the

iron.core and,.the_coil %r%ng%%’essed ith thewioss characteféétics of a
Whi

hi gh§ ef fici enFBFrgﬁse St mer S nér rgoavsl, S He %ﬁsoblal'lls“\l/var rﬁ“%%

coefficient of which is rated | or below, is adopted for the insulating
and coolNTRGSAEdMeh Tt KOt §S S F X dhE |p§°r17§§épl€fn &F dhsr ke netal i c

25 thin band. 27 APRIL 2006 7 Moreover, the insulating and cooling nedi um
may be gmyironment and is light in weight and low in production cost.

The self-cooled gas insulation transformer accordiﬂg to
the present invention comprises an apparatus including an iron

10 core and a coil wound around the iron core, a tank receiving
the equipment therein and an inert gas filled in the tank as
an insulating cooling medium, the global warming coefficient
of which gas is rated 1 or below.

Alternatively, the insulating and cooling medium filled

15 in the tank may be an inert gas, the molecular weight of which
gas 1s less than 146.

Alternately, the insulating and cooling medium may be any
one of nitrogen gas, carbon dioxide gas and dried air or a mixed
gas thereof.

20 Alternatively, the iron core and the coil are possessed
with the loss characteristics of a high-efficient transformer
while an inert gas, the global warming coefficient of which is
ratedlorbelow, is adopted for the insulatingand coolingmedium.

Further, the iron core is made of an amorphous metallic

25 thin band.



one of nitrogen gas, carbon dioxide gas and dried air or a m xet/ AR5 2006
thereof while the iron core is made of any one of a magnetic domain control
silicone steel, a silicone steel of high 5 orientation and an anor phous
alloy. The sealed internal pressure of the gas is less than 0.2975 Ma
(2Kg/ cn2G , .which pressure is not subject to the restriction for a
pressure vess¥PreoVeEspshi AfStd2FAPANARANDOSTRYISTARDARD MBS26S. a1y
Additionally, the sealed internal pressure of the gas is rated 150. 358 kPa
or bel owneAgtintiitoreddry gashec# rioon chireex ide gadeand dmieghreriphous alikeyd | n
addition, the nitrogen gas sealed in the tank is rated 150.358 kPa or

bel ow. 35 sThiesee andiint herhebj e6h Ssofedisunadeadifl aadvantages Abghke id nvention
will be apparent fromthe followi ng nore particular description of

pref errgdnanhodibARRbLS Qfi 1tike eh\werldi1on 5 as 1 iiddistdaled di Hig acconpanying
drawi ngs. 20. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a partly

sect} onglri%ingtgt\iio%wa fd aang%%oi%%%lu%t !aquoyt.r ansformer, which is one exanple
of the préesent invention. Iguare i'S a-“perspective view of a coil
incorporated in the gas.insulation transf%)rrrer as _sh?wn in Fiqure_ 1, which
coil 25 is ohReSeARN%eliBFerRa I HETHNTS AVAS 8RS 7 apRITR D 62§7|5i gure 3
is a perspective view of an iron core incorporated in the gas insulation
t r ansf oMeer (2o AHGW /i vhEFgRessusghietpot subject to the restriction

for a pressure vessel corresponding to JAPAN INDUSTRY STANDARD
B8265.
10 Additionally, the sealed internal pressure of the gas is
rated 150.358 kPa or below.
Additionally, the iron core is made of an amorphous alloy.
In addition, the nitrogen gas sealed in the tank is rated
150.358 kPa or below.
15 These and other objects, features and advantages of the
invention will be apparent from the following more particular
description of preferred embodiments of the invention, as

illustrated in the accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure].isapmrtlysectionalsideviewofeagasinsulatidn
transformer, which is one example of the present invention.
Figure 2 is a perspective view of a coil incorporated in
the gas insulation transformer as shown in Figure 1, which coil

25 1is one example of the present invention.



core is one exanple of the present invention. Figure 4 is a par#14PRbéfeonal
side view of the prior gas 5 insulatgon transformer. Figure 5 is a diagram
to show the relation between an initial voltage of partial discharge and
the mxing ratio of sulfur hexafuloride to nitrogen gas. 10 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Herei nafter, the preferred enbodi nents of the
present inveRtPBARSaY &S FeRRFFBBATHW B ¥ ef St &T P8 TS 2EEOFPIARILES

drawi ngs. Figure 1 shows a partly sectional side view of a gas 15

i nsul at ionthe agws$ ormerlawhir ht Fan sherexamnyd ehofwit Hen friesarg 1,0 mkdiehi on. The
transfornmer as shown in the drawing is a self-cooled 6 kV gas insulation

t ransf oesee, ishenkenstthapilag odndtheC paldsaghtgdnhvaintddreh transforner is
nitrogen gas (hereinafter, referred to as N2 gas) . The N2 gas 4 is filled
in a tank 3 of;@Qr-Lhe i aNSE P IR sast Shown s (W Qhegaéf'§h§§ﬁHQQ:E?sthe tank
under the application of pressure less than 0.2975 Ma (2kg/cnkGQ,

pref§ra2h¥ﬁéunder Eggng%g§sure at 150. 358 kPa or below. An iron core 1 and

tidn er. . :
a coll f-are possesseglmnth the |l oss characteristics of a

hi gh-efficient, transforner, are pggg%ved in the tank 3. The 25 tank_ 3 is

provi ded wi t ¥ 39WaS efist Atrag 5 88IThfr F He L hen S5 S HPRIET2886 9 way

as an oil-contained transforner. On the upper part of the tank, a conpound
gauge 6Voatppeseft ppiitAal disgheagen@nCerfendlixigigrichel buastithigfwal ve 9 are
provi ded. To note, the first and

hexafuloride to nitrogen gas.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, the preferred embodiments of the present
invention are described with reference to the accompanying
drawings.
Figure 1 shows a partly sectional side view of a gas
15 insulation transformer, which is one example of the present
invention. The transformer as shown in the drawing is a
self-cooled 6 kV gas insulation transformer, the insulating and
cooling gas of which transformer is nitrogen gas (hereinafter,
referred to as N; gas). The N; gas 4 is filled in a tank 3 of
20 the transformer as shown, which gas is sealed in the tank under
the application of pressure less than 0.2975 Mpa (2kg/cm®G),
preferably, under the pressure at 150.358 kPa or below. An iron
corelandacoil 2that arepossessedwith the losscharacteristics
of a high-efficient transformer are received in the tank 3. The

25 tank 3 is provided with a waveform rib 5 for cooling in the same



second ternminal 7 and 8 may be provided on the side surface of 2BARREL20®nk
3. The operation of the gas insulatiom transformer according to the present
enbodi ment as arranged above is described below. The cooling of the iron
core 1 and the coil 2 is carried out such that the tenperature of the N2
gas 4 rises by the transm ssion 10 of the heat fromthe iron core 1 and the
coi | 2, @i 8F aPeChéatPRgeiBpentredsiesmas - t On gthep RRWArRRL E Hef ddier part
of the tank 3 fromthe |ower part thereof due to natural convection, and
the hedtendf, &heorgasun@ashigs 6t,he Tiopetr geantingfl ¥heatsadond deammwimatled to

t he atnosphere of a | ower tenperature through the surface 15 of the tank 3.

Usual | y8 tha supfiaseingedadiet heatankradvidged) Moy eied edkHrfougdt tdied wavef orm
rib 5 for the purpose of enhancing the efficiency of the heat |iberation

through ster&%nhafn,%rm§nth¢nanc§ he f8per aLHLeqdl thecdl A% 4uMlch Jreat s

|iberated to e atnosphere, lowers, which gas results in going down to 20
t he gom%hep%%%ko% the tank 3. In this way, the convection of the gas 4
causes the heat generated in the iron core 1 and the <coil 2 to be |iberated

to the atnosphere. The coolin erformance of the gas | argely depends upon
a heat transihBSIORETHEECN G ERC HRASLFAATEALER THET 2RI T ¢ o B heat
being transmtted fromthe iron core 1 and the coil 2 to 27 APRIL 2006 10

the N2 §astie raedUpoRamPREimMSNG phiaktangedpbavepbeidschidaed bsflavhe gas
with a density thereof that represents a calorie required for increasing
t he t enfaratové iofy blfe tN2 gasnd cpere dniatid the coil 2 is carried out
such that the temperature of theN;gas 4 rises by the transmission
10 of the heat from the iron core l and the coil 2, which are heating
elements, so as to go up towards the upper part of the tank 3
from the lower part thereof due to natural convection, and the
heat of the gas reaching the upper part of the tank is liberated
to the atmosphere of a lowér temperature through the surface
15 of the tank 3. Usually, the surface area of the tank 3 is
incremented through the waveform rib 5 for the purpose of
enhancing the efficiency of the heat liberation through the tank
3. Then, the temperature of the N; gas 4, which heat is liberated
to the atmosphere, lowers, which gas results in going down to
20 the lower part of the tank 3. In this way, the convection of
the gas 4 causes the heat generated in the iron core 1 and the
coil 2 to be liberated to the atmosphere.
The cooling performance of the gas largely depends upon

a heat transmission rate, which rate indicates the facility of

25 heat being transmitted from the iron core 1 and the coil 2 to



mass by one degree Centigrade when the N2 gas deprives heat fro?d APRIh@0G6 on
core 1 and the coil 2. The larger thegheat transm ssion rate and the

mul tiplication of the specific heat with the density becone, the better the
cool ing performance becones. Thus, in order to reduce the kinematic
viscositg of the gas and to enlarge the density thereof so as to inprove

t he coolthegNpezdorfanzed 10pehethref MulhérpiretiSR60§ad Se&lcdd inffad i on
transfornmer is arranged such that the SF6 gas is subjected to the

appl i cabifomheotyabi gh thr @s swne.i tOn theereatherthdantep tdeetiey eh opakotiand
research of a lower |oss material for the iron core as, well as the

progresseghitBe £d5 RIQMIT i QN thacherbegythhersofral N?\g%st hepd PsHit

characteristics of the transformer to be renmarkably of "a |l ower | oss than the
prior cQuUOLerpailSye %ei@f?‘lkg adé%ﬂ%&? e k'8als’ Q01 0985 ea £ /dPN COTE
made of an aﬁgrp ousgneta iC ﬁln ban ?ﬁat %g a ?%mer Poss material is
approxinptely one-fifth | ar ge %gﬁ%Ee rior. cqunterparts.. The
LT A of REr: FRSEEEel TS HANECrbet TP AE08FT SEF A 3k "danAld T IEM ( The
Japan El ectric. Manufacturer's Association) 1474 is described below as a
repr esefig&€ians! bhe Wity efda et ne ftthmsPeraél ¢ heawddl e Riegis-int i ci ent
transforner, the material for 25 the iron core of which transforner is
sel ect edetpom, ohbeobetit2? ARRI Lo20069lpemdgnetincedbraionesontlihels,siiln cone
steel band, a silicone steel band and an anorphous alloy (an anorphous
magnet i erakkmy rediuse thd endedaftdrc veducs hgytdfethe-damdnboss es 1efrgiehe iron
core and '
the density thereof so as to improve the cooling performance
10 thereof, the prior SFg gas sealed insulation transformer is
arranged such that the SFs gas is subjected to the application
of high pressure.
On the other hand, the development and research of a lower
loss material for the iron core as well as the progress of the
15 production technology thereof allows the loss characteristics
of the transformer to be remarkably of a lower loss than the
prior counterparts. For instance, as known, the iron loss of
an iron core made of an amorphous metallic thin band that is
a lower loss material is approximately one-fifth as large as
20 the prior counterparts. The transformer possessed with the loss
characteristics as defined in JEM (The Japan Electric
Manufacturer’s Association) 1474 is described below as a
representative of a high—-efficient transformer.

A so-called high-efficient transformer, the material for

25 the iron core of which transformer is selected from one of a



for abating the |load | osses of the coil by the change of the 5 A&ARRIL2P06
thereof or by the realization of a |lgyer |oss structure thereof so as to
reduce the total loss of the transformer by 25 % in conparison with that of
the counterpart designated as JIS C4304 (1999). The adoption of the iron
core and the coil possessed with the above | oss characteristics into the
gas 10 magokairodomeans¢onheslasi biwondestelalbdrobs at kéddcbneosteddce by
approximately 25% | ess than the prior art, which |eads to the abatenent of
t he | oadagengnated ayorgisn gerlaldwn.anl enopiphaiis maswes ias anevigned above
are solved by the gas insulation transformer of the present invention,

whi ch tEﬁ@éﬁeéaﬁfoksrééuéiﬁg'Q@Q NﬁlibéﬁllJéHbéXHf3ﬁ%%dl%o%pbbrgo§§éssed with
the loss characteristics of the high-efficient transforner as nentioned

above. fgreg%g lhﬁnrgegggalPgoggéhanlsghgngogeegatkgn Q a%hg O%r%gsforner

are destri be e F rgure 2 1rs"a pers vPrew of a coi
to be used for_ the gas insulation transforner as shomn |n Figure 1, which

coi 1% iB2bREl exami e ot OFheY fiesERt ! tAGEAPRAHE aﬁéo‘é%vbr?%snsi:ﬁécal;éﬁn ng, a

flat type or round conductor 10 is wound around a coil, between the

adj acenthereafasof aghtehraddget the tetphsépsedofoths téaﬁéfﬁrmsrabgas

passage 12. Reference nuneral 13 indicates an insulating 27 APRIL 2006 12

paper Wphin% frorcdnipes 1 isah atiwn thettwedn thke cadpaeepbrst datagastedebk as

between a first coil 14 and a second coil 15. Reference nuneral 16

i ndi cat gssapsaper {upeogh nt ohwhka@bptheni 6@NtE6r €rdni 8ore and the coil
possessed with the above loss characteristics into the gas

10 insulation transformer allows the total loss thereof to reduce
by approximately 25% less than the prior art, which leads to
the abatement of the load generated by refrigeration. The prior
issues as mentioned above are solved by the gas insulation
transformer of the present invention, which transformer is

15 provided with an iron core and a coil possessed with the loss
characteristics of the high-efficient transformer as mentioned
above.

Hereafter, the cooling mechanism and operation of the
transformer are described in more details.

20 Figure 2 is a perspective view of a coil to be used for
the gas insulation transformer as shown in Figure 1, which coil
is one example of the present invention. As shown in the drawing,

a flat type or round conductor 10 is wound around a coil, between

the adjacent strata of which a duct 11 is inserted so as to form

25 a gas passage 12. Reference numeral 13 indicates an insulating



inserted. 5 Figure 3 is a perspective view of an iron core to b& 4&&H20¢60r
the gas insulation transformer as shomwn in Figure 1, which iron core is one
exanple of the present invention. In this exanple, an anorphous netallic
thin band is adopted for the material for the iron core. A coating

operation is perfornmed on neither a 10 flat surface portion thereof 17 nor a
| ani nat PBRSEUTPARE tMertdtt inpylafen Peiviesre thS 89 RSEPATFALE Bhie
aperture 16 of the coil 2. The state where the iron core 1 is inserted into
the coivel? das bshowen a Figatecdil THeaNd gasaprid Idoéd iLh. aRemkeBcgener at es
natural convection 15 through the heating of the iron core 1 and the coi

2, whi chumarel heatind) & wyenirs apardutclr 0Hgh dieath | teriatdror offeom tiBe t ank

3. The heat of the iron coil 1 is transmtted froma surface thereof not
covered; Msthetlhe coil 2 to the N2 gas 4. The heat of the coil 2 is
transmtted froman outer surface thereof and 20 an internal area thereof

faci h . 1 S 4. T 4 fl i I h
aC|5ng the gaﬁl?@égaﬁﬁs g égﬁér?dg‘fﬁr@éﬁgﬁs‘?h"f Qg N.ngacsore_l_foo}g"engs dOng the

surface of the 7ron core € gas passage génerates
convection fromthe |ower part of the coil 12 towards the uppes.part
J Fighetndat ~bt S

t her eof Lot 9aFad PEFGRE TOPWEF BESERFBEGN? T R Y HAK T3 F1fHE & e N2 gas
25 4 is liberated fromthe surface of the tank 3 to the atnosphere. 27 APRIL
2006 13irpuglre is pee sxpipde of Bhe o esRE T Hke Bt ien eAndgedeBy™Phe / provi si on
of a waveformrib 5, which rib helps the heat liberation of the tank 3 to
i npr ovean Hredpdatud meerdtliiontbintbend\Nd sgadopvetinkor the material for
the iron core. A coating operation is performed on neither a
10 flat surface portion thereof 17 nor a lamination surface thereof
18. The iron core 1 is inserted into the aperture 16 of the coil
2. The state where the iron core 1 is inserted into the coil
2 is shown in Figure 1.
The N, gas 4 filled in a tank 3 generates natural convection
15 through the heating of the iron core 1 and the coil 2, which
are heating elements, and through heat liberation from the tank
3. The heat of the iron coil 1 is transmitted from a surface
thereof not covered with the coil 2 to the N, gas 4. The heat
of the coil 2 is transmitted from an outer surface thereof and
20 an internal area thereof facing the gas passage 12 to the N;
gas 4. The N; gas 4 flowing along the surface of the iron core
1 and through the gas passage 12 generates convection from the
lower part of the coil 12 towards the upper part thereof, which

gas flows upwards through the tank 3. The heat of the N; gas

25 4 is liberated from the surface of the tank 3 to the atmosphere.



at nosphere | eads to lowering the tenperature thereof, which gas?B5AfRIbRROS
downwar ds through the tank 3. The conyection of the N2 gas as nentioned
above refrigerates the iron core 1 and the coil 2. The adoption of the iron
core 1 and the coil 2, which are heating elenents, possessed with the |oss
characteristics 10 equivalent to that of a high-efficient transformer allows
the | oéguehby gedeiulf acs argepdtiivntapk dot enl Fhaed bavidie PFOVR8ifR gas 4,
the nultiplication of the specific heat with the density of which gas is
appr oxi eritee g vederithirid as wharge rdd hbapsothé¢ eeatSHGbgas tli®n o€ phé to use,
it allows the applied pressure of 15 the gas to be |less than 0.2975 Ma

(2kg/ crg&ak yhighippesser eTheshBak $Subleesiibe bife thest,i ghkoRof @het he
second-cl ass pressure vessel. Further, it is not required to increase the

appl i ed, %?’ﬁ Sl%faéf ‘Eosfcﬁh&gi $h$0+ 8fipl Pa L AP OME: LEI£ | %r'%gli Qs ] ust
provi ded t%a %%e w dth of the d%@t 11 %@gposegPln the coil 2 08|s adj ust ed
SO to. adjust the gas,volu g oW n tgro h the S _passa 1% and the
unter SrtheSRieR 6 FrERU8k: EhSr FAed- PRCacBRUBOrLRBNAE: LR At he
result that the cooling performance of the sealed gas is satisfied just by
seal i ngI3h@SgASNEACRRE 2Rk Fotfd IMF S fashPSL BPpIccEd & Fressereois. g.
anounting to 25 150. 358 kPa or below to an extent that it avoids generating
27 APRIZ. 2006 14 negative pressure inside the tank 3 owing to tenperature
change therein so as to restrain the atnosphere frominvading therein. The
i nsul ati ng perdioratmad oof offhehsent @t gase ilsahepeié etbil 2, which are
heating elements, possessed with the loss characteristics
10 equivalent to that of a high-efficient transformer allows the
load charged with refrigeration to abate. Thus, even if the N;
gas 4, the multiplication of the specific heat with the density
of which gas is approximately one-third as large as that of the
SF¢ gas 19, is put to use, it allows the applied pressure of
15 the gas to be less than 0.2975 Mpa (2kg/cm?G), which pressure
is not subject to the restriction for the second-class pressure
vessel. Further, it is not required to increase the applied
pressure of the sealed gas so as to improve refrigeration, just
provided that the width of the duct 11 disposed in the coil 2
20 1is adjusted so as to adjust the gas volume flowing through the
gas passage 12 and the number of the waveform ribs 5 is arranged
in a proper manner, with the result that the cooling performance
of the sealed gas is satisfied just by sealing the gas in the

tank, to which gas is applied a pressure, e.g., amounting to

25 150.358 kPa or below to an extent that it avoids generating



inthe literature ED-98-175 edited by the Discharge Research 7ARRIE 2@06e,
for instance. The result of this research is shown in Figure 5. Figure 5is
a diagramto show the relation between the mxing ratio of sulfur

hexafl uoride to nitrogen gas and an initial voltage of partial discharge,
the horizontal axis of which 10 diagram shows the m xing ratio of SF6 gas to
N2 gas Wegad el uherepsitriecans alpstlvd tamikch aHigvs tentemperaltuvsl ehaegef parti al
di scharge (kV) . To note, the mxing ratio at 0 indicates that N2 gas
occupi eshefioh wiot &s > eestenti nof hSEEmuEdIeetehé romxi ngadahgothatedni ndi cati ng
that SF6 occupies 100% with no content of N2 15 The neasurenent of the

initial voltage ehspaktiahy gesehamndace(&M)tHs seanidedagul s byesh 5Pogi ng what
is arranged with a slot wedge forned by disposing a high-voltage el ectrode,

around j‘t’}‘t‘it‘%ﬂe 131'}[%1;!%5&}:3% gL PADE/ 5 Oefddi_gceg{ t%fain t@?e“%fié%é’@ %e&@?ﬁ%}?d' y with

regard to an earthing el ectrode insi kK, 1nto Ich a gas or a

m xed s is sealed, and b royl,ding a.termnal of the high-voltage

ol o5t r o L Tt LPREABSA iRG SESLFORE Dot S HRSCEREN SRS t o
apply vol tage between those termnals and to neasure a voltage, at which
parti all B e> or corona discharge is initiated. The above neasurenent
takes the mxing ratio of 25 SF6 gas to N2 gas (SF6/N2) as a paraneter. 27

APRI L 2006 1% iBhwerecur\iess a5tiaudadp tchohow gas pedssuran dtetOieipzhand at
0.35 Moa respectively while the curves 53 and 54 show a gas pressure at 0.2

Mpa andniatidly dadpaofesjenit Mekyfluoride tonitrogengas andan initial
voltage of partial discharge, the horizontal axis of which

10 diagram shows the mixing raﬁio of SF¢ gas to N; gas while the
vertical axis of which shows an initial voltage of partial

discharge (kV). To note, the mixing ratio at 0 indicates that

N, gas occupies 100% with no content of SFg while themixing ratio

at 1 indicating that SF¢ occupies 100% with no content of Nj.

15 Themeasurement of the initial voltageof partial discharge

({kV) is carried out by disposing what is arranged with a slot

wedge formed by disposing a high-voltage electrode, around which

an insulating paper or a kraft paper is wound, opposedly with

regard to an earthing electrode inside a tank, into which a gas

20 or a mixed gas is sealed, and by providing a terminal of the

high-voltageelectrode and thatof theearthingelectrode outside

the tank so as to apply voltage between those terminals and to

measure avoltage, atwhichpartial discharge or corona discharge

is initiated. The above measurement takes the mixing ratio of

25 SFs gas to N gas (SF¢/N;) as a parameter.



The di agram as shown in Figure 5 at the curve 54 under 5 the apphfRIBEP®n of
the pressure of 0.1 Moa indicates thats the initial voltage of partial

di scharge fromthe kraft paper within the range of the mxing ratio of the
N2 gas to the SF6 gas is rated at approxinmately 16 kV with no content of
the N2 gas while being rated at approximately 10 kV with no content of the
SF6 10 gas. AERer@nhyey,oit2RPods M a R dirdesauie &t rlemgtMpaofanche N2
gas is 0.63 tines as large as that of the SF6 gas. The SF6 seal ed

i nsul at ean0t 8 angdarmerpeacst desl ygned Me tthes glifriveise A8 apdetéuthon & hmts it never
occurs breakdown even if the gas leaks so as to equate the gas pressure

inside pheskapk wkt . bhepbd aaldmesphen ¢y essdpLst sy . the deterioration of
the dielectric strength in the order of 0.63 tines as |large as that of the

SF6 as, doe oL.:LAvite. br a. Wit c desi n justin
t he hgight of§%%e&ﬁ%§¥é%lagvgﬁgg 2ﬂnrﬁggﬁggggsaﬁ ??eggggpgd%?nﬁﬁﬁgq?gnk ’

under the application of _pressure to_an 3} n 2Q that it revenils t he
at o phgﬁg gﬁ%%??\ éapn%ft%}é?ém?s%%eag e'elo St DS %&?Iti &% o any
one of carbon_ dioxide, dried air and a m xed gas of those gasses with
ni trogeAnigadltindtage adapatl ah divshaddsngr dRd-hobFrAG PRRF LMl thd Mot e,
the nol ecul ar weight of N2 ampunts to 28.01 while that of CO2 25 anounting
to 44. 0the272p@Rl £ 2006 néxThe haghoebfi thenl. tgamstoriees Sxcgedi 1§ to t he
present invention that reduces the no-load | osses of the iron core and the
| oad | ogaesdodt tape reniimaadd Iond 6akViweth ngaspontbatgbdldle Warganghile
being rated at approximately 10 kV with no content of the SFg¢
10 gas. Accordingly, it shows that the dielectric strength of the
N, gas is 0.63 times as large as that of the SF¢ gas. The SFsg
sealed insulation transformer is designed with sufficient
precaution that it never occurs breakdown even if the gas leaks
so as to equate the gas pressure inside the tank with the
15 atmospheric pressure. Thus, the deterioration of the dielectric
strength in the order of 0.63 times as large as that of the SFs
gas, does not invite breakdown with such a design change as
adjusting the height of the duct 11 even when the N; gas 4 is
sealed in the tank under the application of pressure to an extent
20 that it prevents the atmosphere from invading therein.
The above operation also applies to any one of carbon
dioxide, dried air and a mixed gas of those gasses with nitrogen
gas that is used as an insulating and coolihg medium. To note,

the molecular weight of N, amounts to 28.01 while that of CO;

25 amounting to 44.01.



coefficient of which is rated 1 or below, to be used for insul a27 APRIS 2606l
refrigeration. The | eakage of such ingsyt gas as nentioned above into the

at nosphere affects the global environnment in the |east degree. As described
above, even when N2 gas 4 sealed in the tank 3 of the gas insulation
transforner according to the present 10 invention is discharged upon the

i nspecti on or THenbighireffikeesdsf trahefgameirsanobrdubpete tie dimcirryge
restriction for greenhouse effect gasses so as to affect the gl obal

envi r onieRtenitvidrheéhbeasédudegr efe nd- head Neys caieds thheigenetat¢ athdf a
hazar dous di ssolved gas, which dispenses with the provision of an absorbent

of the 130 $50h¥8de9a5s RO & EUYLE QG {0 5t GHST Uk fhephanka Sy or to
provi de a depressurizing tank 20 therewth as a counterneasure agalnst the

gas | eaka .hat _m ght cau \ udden incre af __the .i.nterna
pressur§é§%ﬁa§%%#q%%WPEEQFH%?ggﬁgﬁd%E%é%ﬁgtt?hgqﬁﬁ% ?85ﬁ9§¢¥)tTWEssure

for inproving the 20,insu|ating and cooling performance of the seal ed gas
does® noPRhi¢é rigepe tigken Tift 62aKeEEnPLT BPCRt 1R AT P MR H1aReR, as
the N2 gas is applied pressure to be sealed in the tank 3 to an extent that

it preveweyet hetatthssphigesrheg® phvadtagthaalebsl enpichnngnk bnlthehas to be
strong enough to sustain an internal 25 pressure change ow ng to the gas
t enper atleretr idegras .st andar di zed 27 APRIL 2006 17 in JEC ( STANDARD OF THE
JAPANESE ELECTROTECHNI CAL COWM TTEE) - 2200 and so forth. In view of the
foregoi ng, thast@dkcpivthealgase i NSLdmtin@h N, gas 4 sealed in the tank
3 of the gas insulation transformer according to the present
10 inventionisdischargeduponthe inspectionordemolitionthereof,
the gas is not subject to discharge restriction for greenhouse
effect gasses so as to affect the global environment in the least
degree. It neither causes the generationof a hazardous dissolved
gas, which dispenses with the provision of an absorbent of the
15 dissolved gas, nor is required to structure the tank sturdy or
toprovide a depressurizing tank 20 therewith as a countermeasure
against the gas leakage thatmight be caused by the sudden increase
of the internal pressure owing to the internal mishaps.
Then, the application of pressure for improving the
20 insulating and cooling performance of the sealed gas does not
have to be taken into account for strengthening the tank 3, as
the N; gas 1s applied pressure to be sealed in the tank 3 to
an extent that. it prevents the atmosphere from invading therein,

which tank only has to be strong enough to sustain an internal

25 pressure change owing to the gas temperature rise as standardized



transfornmer according to the present invention is producible 52Z{\APRILZ006
thi nner steel plate than that of thei5F6 gas seal ed tank. Then, the iron
core 1 of the gas insulation transfornmer enbodied in the present invention
does not act as a catalytic netal to dissolve the sealed gas in the sane
way as the prior SF6 seal ed insul ation transformer, which dispenses
with a é%afgﬁg(SEGNBbgPaPFoﬁHEFJﬁPﬁgﬁSEaﬁLEﬁER@T§§§NI§ﬁé gl obal war ni ng
coefficient of which gas is rated 1 or below, is sealed as an insul ating
and cooOVMMOTTEE)} uA2DA whd tanko3tbf the gas insulation transforner
according to the present invention, which gas affects the gl obal 15

envi ronment imm thed eFsthdegbeegoThgN, thdecdms WrathBgggasihsul appbhed
pressure to be sealed in the tank to an extent that t% i nside of the tank

I's not E‘P-%ﬁéfé!n ¥rp£§§<§y&5.ﬁ8dt9v\4:ﬂg ;%Peséﬁfrp ﬁE?oﬁ fﬂ%o&‘@ gﬂ;l?oes not

require t] stractured ur dy an uces e melg t he

t ransfor as, 20 wel | th u gn. cost th eof.. g c d above,
he ) eakheh HEnE AR Eear S8 gute b SPHE AR note a0 ST Gt AL Pk Of mer
according to the present _inyention, the gl obal warm _ng coefficient of which
gas is TaeRdthe bFORAVW® 1a<ffé@&%ﬁé@%l%ﬁﬁ&ﬁﬁ@ﬁwewrﬁ% fedst

degree. 25 Then, the insulating gas is applied pressure to be seal ed 27

APRI L 2006:18 rine 34t tiamenvicin dogsemott hat eReai astadytherreetalstaot
negatively pressurized according to tenperature change, which does not

requi redifectankthe bHeasreédughar éd shersymsowag &8 tkhdupeibbeSFs gas

sealed insulation transformer, which dispenses with a coating
10 operation.

Further, an inert gas, the glbbal warmir;.g coefficient of
which gas is rated 1 or below, is sealed as an insulating and
cooling medium in the tank 3 of the gas insulation transformer
according to the present invention, which gas affects the global

15 environment in the least degree. Then, the insulating gas is
applied pressure to be sealed in the tank to an extent that the
inside of the tank is not negatively pressurized owing to
temperature change, which does not require the tank to be
structured sturdy and reduces the weight of the transformer as

20 well as the production cost thereof.

As described above, the leakage of the sealed gas to the
atmosphere from the transformer according to the present
invention, the global warming coefficient of which gas is rated
1 or below, affects the global environment in the least degree.

25 ‘ Then, the insulating gas is applied pressure to be sealed



wei ght of the transformer as well as the production cost thereof? ABREZPGer
a coating operation does not have toibe perfornmed on the iron core of the
gas insulation transforner, in the tank of which N2 gas is seal ed, which
reduces the nunber of the production steps thereof. Likew se, it does not
cause the generation of a hazardous 10 dissolved gas, which dispenses with

the proVPsihtaRrkilean GafraisstirfEi HiE tARkISFharaqf iadirdeneaa thEralt of the

gas insulation transformer as well as the production cost thereof. The

pr esent pirasentii eadmay che démgo dioe d simpegtahtarr s pd@irfgec, wWhorals ddashowt departi ng
fromthe sprit or essential 15 characteristics thereof. The present

enbodi nesuiset bReetank tbobbeseonstderddsitnardll sbeapeecbsraduckl yakrati ve
and not restrictive, the scope of the invention being indicated by the

appendegdepghenis ﬁﬂualt@ar{ﬁdﬁeﬁ hanydm EQecl—fé)ﬁEgeheglgﬁ%@étm:heﬂeoénd al |
changes that come within the nmeaning and range of 20 equi val ency of the

C' aigre are tgfu%f:ﬁé aln{:SQ‘é?ﬂchop&ea@{@{ 6ed nd {‘ elro b2 §Lr AERL 52006 VIHAT

Al MED | Co0 gas 1 nsu atlon ransforner conprising an
apparatus i.ncl.udi ng an |£ qﬁgore and Z coil that s wound around said iron
a

core, a°Parie dd FeEar§e® gfarBfusAth_PeT A BS At ah, itfet* Sgh8  fhat is

filled in said tank as an insulating 10 and cooling nmedium wherein a gl obal
war mi ngoEoehifli ntgad¥ kgjgealed, which reduces the number of the

production steps thereof.
Likewise, it does not cause the generation of a hazardous
10 dissolved gas, which dispenses with the provision of the
depressurizing tank so as to reduce the weight of the gas
insulation transformer as well as the production cost thereof.
The present invention may be embodied in other specific
forms without departing from the sprit or essential
15 characteristics thereof. The present embodiment is therefore
to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the
appended patent claims rather than by the foregoing description
and all changes that come within the meaning and range of
20 equivalency of the claims are therefore intended to be embraced

therein.



inert gas is rated 1 or below, and whergjn said iron core is nzdPRIf 2606
material selected froma magnetic donain control silicone steel, a silicone
steel of high orientation, and an anorphous alloy. 2. A self-cooled gas
i nsul ation transfornmer conprising an apparatus including an iron core and a

coil that is n nd said iron core, a tank to receive said apparatus
t herein -%ﬂ%Tgﬁgiﬂ&ﬁ?&§§ q¥iat is filled in said tank as an insulating and

cool ing nmedium wherein a nol ecul ar weight of said inert 15 gas is |ess than
146, and wher ei n saixl 410N €O BelisgaBdens ol 28i 8Bt efkals faeteat edrfyams ng
magneti c domain control silicone steel, a silicone steel of high

orientation,, %a%@gm{r%i’lgéiﬂgi Q¥- 1@8[\3 ofeSEhE- goaked gas stmwgcﬂn%?hat.

transforner conprising an appardatus including an’iron core and a c
is wound around, said iron core, a tank to receive said apparatus there in

and a gas CHAUIESAEA AOPNCRERd & &K a8C aFf FRLT 413 Y SoRF Add T Ag e Lvedt um
wherein said gas is selected fromone of, nitrogen gas, carbon dioxide gas,
drieddair amd @nnixed tgas st hévagofi,s did lekeriei nasdi dainkonsceneinsudmdé naf a
material selected froma magnetic domain control silicone steel, a silicone
25 steel oknhi gbodihgMdatign, wanRd Am ampqousahliay. cd9r 27 APREL 2686 d

inert gas is rated 1 or below, and wharein said iron core
i1s made of a material selected from a magnetic domain
control silicone steel, a silicone Stéer of high
orientation, and an:amorphcus alloy.

10 2. A self-cooled gas insulation transformer comprising

an apparatus including an iron core and a coil that is wound
around said iron core, a tank to receive said apparatus therein
and an inert gas that is filled in said tank as an insulating

and cooling medium, wherein a molecular weight of said inert

15 gas is less than 146, and wherein said iron core 1s made
of a material selected from a magnstic domain control
silicone steel, a silicone steel of high orientation, and

an amorphous alloy.

3. A self-cooled gas insulation transformer comprising

an apparatus including an iron core and a coil that is wound

20 . _ N L .
around said iron cora, a tank to receive said apparatus therein

and a gas that is filled in said tank as an insulating and cooling
medium, wherein said gas is selected from one of,nitrogen gas,

carbon dioxide gas, dried air and a mixed gas thereof,
and wherein said iron core is made of a material selected
from a magnetic domain control silicone steel, a silicone’

steel of high orientation, and an amorphous alloy.



A sel f-cool ed gas insul ation transfornmergconprising 5 10 an appat2ARRJL 2006
including an iron core and a coil that is wound around said iron core, a
tank to receive said apparatus therein and a gas that is filled in said
tank as an insulating and cooling nedium wherein said iron core and coi

are possessed wth s chara terlsgles Qf1a hi_gh- ef f ent sto r
and said gas is an |ﬁ%Tf gég lggg oﬁarﬁﬁﬁgnl Oncogr q%ﬂéﬁﬁ 4 C5ﬁ§9 % Rgg IS

rated 1 or below, and wherein said iron core is nade of a terlal selected
froma magmet iaPRPOFRLAS EOALEEI NS RCERENSEEER, 2a%id iohe steel * of “RF GH
orientation, and an anorphous alloy. 5. A self-cooled gas insulation
transforneeﬂdnﬁﬂugammereﬁzebabnsahxhﬁc4p naeeeive saiid gasaistappthedein
pressure at |ess than 0.2975 Mua (2kg/cn2G to be sealed in said tank. 6. A

sel f - cool eghgas Ia@sell]@iallosmtrla@ef OF N1 0882 h R = ABY PRE, OF + eh@lamsd EdoQ %
wherein said gas is applied pressure at 150. 358 kPa or be Ow so as tog%e

seal e in SglLﬂ w%e:eln szid iron core and coil are possessed with a

loss characteristics of a high~efficient trensformer and said

gas 1s an 1inert gas, a global warming coefficient of
which gas is rated 1 or below, and wherein said iron core

is made of a material selected from a magnetf& domain
control silicone steel, a silicone' steel of high

10 orientation, and an amorphous alloy.

5. A self-cooled gas insulation transformer in any
one of claims 1 to 4, wherein said gas 1is applied
pressure at less than 0.2975 Mpa (2kg/cm®G) to be sealed

in said tank.

6. A self-cooled gas insulation transformer as in
any one of claims 1 to 4 wherein said gas is applied
pressure at 150.358 kPa or below so as to be sealed in

said tank.



