1 TITLE OF THE | NVENTI ON: ON- LOAD TAP CHANGER ATTACHED STATI ONARY

| NDUCTI ON APPARATUS FI ELD OF THE | NVENTI ON: 5The present invention
relates to a fire retardant liquid charged stationary induction
apparatus, which has an on-load tap changer and contains a
fire-retardant insulating liquid material as an insul ating/cooling
medi um 10 BACKGROUND OF THE | NVENTI ON: As an

i nsul ati ng/ cooling nediumfor transforners, which are stationary

i nducti on apparatuses wherein the insul ating/cooling nediumis used,

i nsul ati ngp Jﬂhkﬁo%U%ﬁEainﬁtﬁ@T@ﬁ oi | have been hitherto used. 15Wen a
fire retar t silicon liquid is used, as an i nsul ati ng/ cool i ng

medi um f orpd fL@tg%f BHE" anﬁ?néﬁﬁh%%cg&nt 5 Wﬂ&ﬂﬁ AbbRraTus

retardancy 0 orns can be inprove the I nprovenent,
better fire retardancy is desired also for an on-load tap changer
fitted to transforners 20 in order to adjust the voltage of the
transforners on-load tap changer is conposed nmainly of a
changeover FIELD OF Eggt E[HHE%'%O% tap selector section. Patent Docunent

| listed up bel ow discl oses an on-load tap changer havin

changedver swi t cEBe Tl oY S EpbRERF EPUE §P|1f€t'a+'élgaz’% Ky a
flash point higher than 250C is used and a tap selector 2 section
wher ei n a changed statienaxry imduchdon dpnenatys .nwhhchHms apapn2B8d@ i s
used. Patent Docunent 1 also discloses the use of a synthetic ester
oi | i nst eathpofchhgemaand atorestiors ai Firéwrestrrdmre inRaflattin@otigeid 1
di scl oses an on-load tap changer 5 of a |ow sliding resistance type
whi ch has:materiangeevan sustl#tHeftidomlingemednua.|iquid silicone
having a flash point higher than 250C is used; and a tap sel ector
section wherein a liquid silicone having a flash point higher than
250C is used. Suggested is also an on-load tap changer using a vacuum

10 switch Arxindetpt ng@ggemfmp frombeing radiated in a nmedi um
in the changer. The on-load tap changer has been put into practical

use. Pat §§t@ﬁ’§§%§§§§} {@&ﬁ%zﬁe&’fﬁ:ﬁ%r%ﬂ%ﬂn@}&%ﬁc@e”

(JP-A- ) No. 20 e case of using a liquid silicone in

? Cpangeovale PHakiBact m@ub 14 RflEAcRUs! Inbheufietliod descr i bed

in Patent Bocdmen I cone nmay e pol ymeri zed when an
2 SRS oo T B BEBTBLA P
mineral oil have been hitherto used.

15 When a fire retardant silicon liquid is used, as an
insulating/cooling medium for transformers, instead of the
mineral oil, the fire retardancy of the transforms can be
improved. With the improvement, a better fire retardancy is
desired also for an on-load tap changer filtted to transformers

20 in order to adjust the voltage of the transformers.

An on-load tap changer is composed mainly of a changeover
swlitch secfion and a tap selector section. Patent Document
1 listed up below discloses an on-load tap changer having a

changeover switchsectionwhereinanesteroilorliquidsilicone

25 having a £flash point higher than 250°C is used and a tap selector



20 In the case of using , in a tap selector section, aliquid
silicone, which is poor in lubricity in a sliding region between
nmetal nenbers, the netal in the tap selector section nmay be worn away
even if a low sliding resistance type tap changer is used. In the
case of using a natural or synthetic ester oil in a changeover 25
switch section or a tap selector sect4on, the apparatus having 3 the
section is not easily nmade fire retardant. Additionally,

t hevol umeresi stivitythereof is |owandthe oil is deteriorated by '
hydr ol ysi gt herséPn Badtdha sscart all ngviharacllashgtdintmmghamer .
5 SUMVARY. OF THE | NVENTI ON: An object of the present invention

is to pr Oyﬂ\}ﬁﬁ?cﬁ—?‘séé%é QRARY M BBcARGRE Al HIshayidWldyed end dsp

changers, iSexcellent In fire retardancy and exhibits an .

oper At | nged 0, AARKA Sbte:SbEPI{dved ¥ dnbORBLASMoster o1l
, pro

According? e 1 .nvent1on provides an on-load tap changer attached
stationary induction ar i i

anel ect roﬁ%ﬁﬁé?%%ﬁ??%ﬁ%%@?%ﬁ% nglss B%B??é tg ggjent_k}gra Wi E%%cgalll?%rui d
insulating material _having.a fl as oi nt, higher _15 t Q. the
t ank, %mdgﬁﬁ e Fééﬂi{‘ﬁﬁegﬁéﬁaﬁ‘r’e&gg’ea@ﬁ& ﬁ?@’ ﬁ%‘%%ﬁé?%?%%@

el ectromagneti c i nduction device, wherein the on-io%g tq_p cﬂ?nlger has
a changeosestion wheredntd diaaid slligrnecharing asEiesh POt REgRer

following nediumis used as an insulating mediumat |east for the tap
sel ector skati260°C 3@ wseddiand a fapmaliedtersesticonkerediibha¥tdg a
flash point higher than 250C is dissolved a polyol ester having a
fl ash poi 11 hé@he hdan a5@&Cash pojmbpurgtiean thAn5250°B0% Weedei ght of
the insulating nmedium The polyol ester is preferably one or nore

pol yol esters smigpisted 1omalsoeanranyloadntas idhaggelr 2$ing a vacuum
aneopent yl gl ycol t yPepol yol est errepresent edbyt hefollowing 4 formula (

1) ,18 tELIBERYhUrideaPespréyert palame £am beingradsaheddnbymefibum
follomng formula (2), a pentaerythritol type polyol ester

represent gf byetHeadfdd OWrRg 695 184@ taP) changen Kaperdere mutthriintol
type pol yol ester represented by the 5following forrmula (4):
(RL- CH2) 2GL O0Rs 04 {0)edR?) 2 (1)  R1- CH2- C(CH2- 0( QD) . 422) 3
Patent Document 1: Japanese Patent Application Laid-Open
(JP-A-) No. 2006-114615
is In the case of using a liquid silicone in a changeover
switch section in accordance with the method described in Patent
Document 1, the liquid silicone may be polymerized when an arc
is generated. As a result, an insulator may be generated so
that apoor contact may be caused in the changeover switch sectipn .
20 Inthecaseofusing, inatapselectorsection, aliguidsilicone,
which is poor in lubricity in a sliding region between metal
members, the metal in the tap selector section may be worn away
even if a low sliding resi;stance type tap changer is used. In

the case of using anatural or syntheticester oll in a changeover

25 switch section or a tap selector section, the apparatus having



(2) C(CH2-0(Q0)-R2)4 (3) (R2-(CO O CH2)3C- CH2-0-CH2-C(CE2-0(C0)42)3
(4) 10 wherein Rl represents hydrogen or an al kyl group having 1 to
3 carbon atons, and R2 represents one or nore al kyl groups having 5
to 12 carbon atons. According to the invention, it is possible
to provide an on-|load tap changer attached stationary induction
apparatus 15 which contains a siliconé liquid and has a changeover
switch section satisfying a required insulating characteristic and
arc resistance, and a tap selector section satisfying a required

i nsul at i nGpehasdet e iist h6t aadilli mhdy feharsatardasiti.c 3dddsiamlawhi bi t
an excellent fire retardancy. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is @ SrRiRibésidiowial aibrivd natoy and ehargari sifis tetidrated
transforner contalning a silicone, which is an exanple of the

I nvention, g aéo@@{@gﬁl\é%o%",“ LG NIRAC EhN R 1 1HgN 8hdBa s eslkl Sk

i nsul ati ng-proper and arc resistance and a tap selector section
satisfyingg{egﬁired i nsul ating property and sliding characteristic,
and is exd®&Y °Fn fire ret ar dancy; Fig. 2 is a schematic
view of a vacuum switch type on-load tap changer to which the

i nventidon is applied; and 5Fig. 3 is a schematic view of a resistor

type on-load tap changer _tqQ which the invention is applied. DETAILED
DESCRI PTI GRMSARY, BFpREECHVEN AR NENTS: W th reference to the

attached drawi ngs, electrical 10 apparatuses which each contain a
silicon liquid Ascobdert o6 amAesenss 1pKentHoRntS off mqvlﬁs a
descri bed hereinafter; before the description, enbodi nents of the
i nvent i on siratieneny Lhfedtiontagpnagatus1hayhng R oapd AFPcRARYESTS -
attached stationary
which is excellent in fire retardancy and exhibits an operating
10 characteristic stability over a long term.
Accordingly, the invention provides an on-load tap
changer attached stationary induction apparatus, including a
tank, an electromagnetic inductiondevicewhichisput, together
with a liquid insulating material having a flash point higher
15 than 250°C, in the tank, and an on-load tap changer for adjusting
the voltage of the electromagnetic induction device, wherein
the on-load tap changer has a changeover switch section and.
a tap selector section, and the following medlum 1s used as
an insulating medium at least for the tap selector section:
20 a medium in which in a silicone liquid having a flash point
higher than 250°C is dissolved a polyol ester having a flash
point higher than 250°C in a proportion of 5 to 30% by weight
of the insulating medium. The polyol ester is preferably one

or more polyol esters selected from the group conslsting of

25 aneopentylglycol typepolyolesterrepres ented by the following



15 induction apparatus, conprising a tank, an el ectronagnetic

i nduction device which is put, together with a liquid insulating

mat eri al having a flash point higher than 250C, in the tank, and an
on-|l oad tap changer for adjusting the voltage of the el ectronagnetic
i nducti on device, wherein the on-load tap 20 changer has a changeover
switch section having a vacuum switch and a tap sel ector section, and
the following nediumis filled as an insulating nediumat |east for
the tap selector section: a silicone liquid to which a polyol ester

havi ng affomgﬁgqiﬁgtaogg%qrnﬁ%apraé% Eﬁéﬁgiﬁio% @,seeerfae,?%sbgﬁgef 5

to 30% by wel the rnsulfattTng nedi um _
pol yol estet,o0ik 4§ I r o] or fr { Be195PuUP
consi sti ?1’3 %Pepo?jy%?‘ﬁeng %ro gmr%%r s)e'ntae égaéﬁiﬁﬁ%ﬁ{&/\j % grgng{)ae
(D, (2), %ﬁ and (4): - CH g%é 2- - R2).2(
5R1- C} 12 %6(EERTEP d <§( K fg‘f g th). ana a
(R2-(CO Q. CH2 ZC-%I-O- ﬁ: CH2-0(C0)-R2)3(4), wherei represents
hygr ogen BPRR28FX {ﬁéij Y%%VPH&Yélt%ﬁ%?%xﬁéé%?sgpgﬁé,ggﬁ%h?&
represents one or nore al kyl groups having 10 5 to 12 carbon atons,
that Ps, felAeuied f9miksb|(AdI: esters. (3) The silicon liquid
is one or nore selected fromthe group consisting of dinethylsilione
represent ed by(RheCH0LT M1 (FO) 2k (5), wherein side chaifdd of a
pol ysi | oxane are each a methyl group, and nethyl phenyl silicone
represent ed 15RIVCHRE(EBL4@MQIgRRIEul a (6), wherein side di2dins of a
pol ysil oxane are partially phenyl groups: CH3CH3CH3 OH3- Si - 0 - (
Si 0Si - CH3 CEREGH3OHBOYYRE}M, 00143CH3CH3 CH3- Si - 0 - ( Si(3) 0 )ch-
(S - 0)4 S - O43 CH3031-13CH30113 20(6) wherein n, p and q are
each an int ege(r®f (o )r-OmY ££-CH;-0-CH,-C(CHz-0(CO) ~R2) 3 (4)
10 wherein R1 represents hydrogen or an alkyl group having 1 to
3 carbon atoms, and R2 represents one or more alkyl groups having
5 to 12 carbon atoms.
According to the invention, 1t is possible to provide
an on-load tap changer attached stationary induction apparatus
15 which contains a silicone 1iquid and has a changeover switch
section satisfying a required insulating characteristic and
arc resistance, and a tap selector section satisfyinga requiréd
insulating characteristic and sliding characteristic so as to
exhlblt an excellent fire retardancy.
20
BRIEF DESCRIPTION OF THE DRAWINGS:
FPig. 1 is a schematic view of an on-load tap changer
attached transformer containing.a silicone, which is an example

of the invention, has a changeover switch section satisfying

25 required insulating property and arc resistance and a tap




(4) The silicone liquid is preferably a silicon liquid having a

ki nematic viscosity coefficient of 50 m2/s or |ess at 25C.

(5) An on-load tap changer attached stationary 5 induction apparatus,
conprising a tank, an el ectromagnetic induction device which is put,
together with an insulating nmediumcontaining a silicone liquid, in
the tank, and an on-1oad tap changer i ch has a changeover swtch
section and a tap selector section in order to adjust the voltage of
the el ectromagnetic 10 induction device, wherein the on-load tap
changer i sedegiogusrciianisatiafying mmtia‘pdnymﬂeﬁmq propéety and

sel ector section in the on-load tap changer is a silicone liquid to
whi ch t he fldldiow chpradterni stddedandns excadientdredtird Felawddreygr oup
consi sting of synthetic polyol esters having a flashpoint higher is

t han 250C and rEpgeeid adsdhenatd of vldwof rgvdonmubaet¢i tybe dnbload
(R1-CH2) 2C(CH2-0(C0) - R2) 2(1) R1-CH2-C(CH2-0(CO -R2)3(2)

C( CH2- O( ClapREhahger 206 RéhicH tHe Novehz)sh- {3 1apPl tdddaa ( CH2-0 (
CO) -R2 ) 3(4) wherein Rl represents hydrogen or an al kyl group

havingsl to 3 CRfhOM afHNP schBfablc! $PEE NS ﬂ@@s@&r”‘%ﬁe addMoad
groups having 5 to 12 carbon atons. | i cone

| d f
consi st | o Chefife OGEIHIR ShvagfehPls %%ﬂ%‘%]f 'ng formil ae (5)
and(6):OHOHCMOH Sl-O-(S|-0)4--CI-BCI-BCI\/IBCHB(5)

014308115CH3CH3 OH,- Si -0 -( Si - O- ( Si -0)4 Si - OH,
?nl)rlgml 19 ER b OhascBiShFl db Mie? BerfrRRED AL ehiliioer of 1 or

With reference to the attached drawlings, electrical
10 apparatuses which each contain a silicon liquid according to
examples of the inventionwill be described hereinafter; before
the descripfion, embodiments of the invention are exempllifled
just blow.
{1) An on-load tap changer attached stationa;y
15 induction apparatus, comprisling a tank, an electromagnetic
inductiondevice whichis put, togethérwithaliguidinsulating
material having a flash point higher than 250°C, in the tank,
and an on-load tap changer for adjusting the voltage of the
electromagnetic induction device, wherein the on-lcad tap
20 changer has a changeover switch section having a vacuum switch
and a tap selector section, and the following medium is filled
as an lnsulating medium at least for the tap selector sectlon:
a silicone liquid to which a polyol ester having a flash point
higher than 250°C is added in a proportion of 5 to 30% by weight

25 of the insulating medium.



(7) The content by percentage of the synthetic polyol' ester is
preferably from5 to 3()% by wei ght of the insulating nmedium

( 8 ) The kinematic viscosity coefficient of the silicone 10 liquid
is 50 m2/s or less at 25C . The invention will be described in
detail by way of the foll ow ng exanples. Exanples 1 to 5, and
Conparative Exanples 1 to 5: Referrifig to Fig. 1, an on-load tap
changer 16 is roughly 15 conposed of a changeover switch section 17
and a tap selector section 18. The on-load tap changer 16 used in
Exanples 1 to pzyas eV pelyBlLSsbt&R d1Pas0prbeadabdp shangemonder ei n
a vacuum swi tch was used as the changeover switch section 17. A

schemat i %35@%&&5&%%&5@ é%éf&‘tﬁ%"ﬁf galir@ﬁésftéﬂs%w%ntéd

illustrated 20 in Fig. 2. In Figs. 1 anc a transformer wherein a
primary i adpn r i ngi ng are fi.t,hed onto an iron
core 2 i éwpg lE’i %?%%a%ﬁ’%%ﬁ%q\%h?(%w aﬁijlq'ns(ﬂsl)aﬁﬁr?g/(%gél ing liquid
medium 6 is ch T i ndi.AgS e each inserted into a

i nsul ating cyl f%ﬂ':(ﬁh%z@w*}?gﬁgé%ggz 2 is tightly fast enedrtg)vvi th
insulators 11, 12, 13, ,and 14 osit)i oned on the upper and Ig\[gﬁr ends
of thé w ndi ng%%*%%hd%@%‘aﬂﬁ f&2feéners 10a and 10b. A bre er is
used to put dry air into an LTC room Alternatively, the LTC roomis
made into an a‘f—Y?CHZi‘BIﬁFP}"E?bSed space, which is shut out. f{ém t he
outside air, and further an inert gas ﬁ’—‘dSUCh 10 as nitrogen gas, SF6
gas or CF3l gat§21ELBRciCls bef G000t G -C6 1 GHd&2)s0 pre\ﬂést'

di sasters. When a vacuum switch is used as the changeover

swi t ch sebeirehnIF] represenhadaydragen vy amcilékyd grgup having 1 to

i nsul ating/cooling mediuminto the changeover switch section. 15A
circuit gicgmom s, vandRhrepreshess ane cuseireaslkhhggeovpehavdngches
isillustrated in Fig. 2. In Fig. 2, vacuum sw tches 22a and 22b are
set ip asclhangeRboiVaitehssetha®nisl,’aindaded heypaquulpcWestbes. 22a
and 22b are connected to a current limting resistor 21 in series.

Thereto are comect age2@121E8R SR Als 886! bPMmdfe AWl et tie@dp £romdi Ng
20 in parallel. Fig. 3 illustrates a schematic structure of a

resi stor thgpareaplmimx?ﬁwa&maﬁhﬂmim $RpreaBntdA by the
i nsul ating/cooling medium I9a is enclosed in a tank in a changeover

Swi L oh s@6hh R0 rortia o5 1) Chinfitkh 6986 aGlaipdl BESa TolyS1abkanbed

bet ween nova rc contacters 24 and fixed arc 10 contacters 23.

I ot b ) s, DG, LR BGA BURSL 9011 0 it agieca
il d,i i 3 d L f_th
[ UShr b6 Bfind G5Bl R SCHPAAL Al BB o 10

medi um 19a_is regui red to have.grc resistance. . Returning to
Fig. 1, @8&???1@)0’8?%%33% 16313 BREREY $°P B cul ate the
i nsul ating/cooling megjum 6 Myt he t oHsformer. The warned nedi um 6
is discharged fromthe upper gportion pf
CH;— Si—-0—-(8-0),~Si~CH
} P I
CHa CH; CGHa

(5}
CHs CoHs CHy CH,
P 1 i |
OHg—Si—O"(Si"O)p“(Si-O)q- Si — CH3
] t } 1
CH; CgHs CH, CHy
20 (6)

wherein n, p and q are each an integer of 1 or more.



10 the tank, and is cooled with a cooler 8. The nmedium6 is passed in
a pipe 9b positioned in the lower portion of the tank, and returned

into the tank. An oil channel 15 is made in the center of
the iron core 2, and the cooled nedium6 rises up in this oil channel
15 while 15 the cool ed nmedi um 6 cool s .,the iron core 2. The

tap selector section is filled with the insulating nmedium19. The
used insulating nedium19 is a silicone liquid, which a pol yol ester
is mxed with (dissolved in) . The m xed polyol ester is preferably a
hi ndered type pékyol Eheedlighneiguifdsisspreferablatarsidhcpnpblauddiric
al cohol and a nonoval ent aliphatic acid and is excellent in thermnal

st abi | i t y havingy drbiyenat iesiiscesity @effladendt of he0 poi’ylydriless

al cohol include neopentyl glycol, trinmethyl ol propane, and pent
aerythritat 2s5B®anpl es of 25 the nonoval ent aliphatic acid include
pent anoi ¢ acid, hexanoic 11 acid, heptanoic acid, octanoic acid,

2- met hyl but anoi ¢53ci dan Zonvelidyd RRP! eRahgeACathacheteistultienargi ¢ aci d,
2- et hyl hexanoi ¢ acid, isooctanoic acid, and 3,5, 5-trinethyl hexanoic

aci d. _'Ehesﬁl_di’?&)é%nuﬁﬁﬁaﬁhﬁﬂ& Oorgr1310QTRI RahkONan electrdhddietic
invention, it is preferred to use one or nore polyol esters

represent eﬂmt%tﬁﬁgx éﬁ%ri@élvﬁﬁclﬁ?]:%s 9%41'2' togf@he@rlfytqf ark fﬁsulatinpgsrfledl:lhuem

)
whi cheachhavel nt henol ecul e the at Teast tw ester grou

formula (1)..r nts. . n ycal e _pol ster; 10 the
formul a (z‘§°nrt %gglgglgn sSIan%?’?%eif%é'f%'pﬁgpgél%%a? e %r8+ya§1 °5§38?;8 YR
formul a (3), represents, apentaerythritol, .type | yol est.er; d the
formil a (ApangBraliiind §uRRak s r o S o oprs B o af Touinde
pol yol' esters may, be used, alone, or_in the formof a m xture of two
or nore tRECEHPT IELTARTULEP FIUES TR YRditRgeeet dhesfleRtTamagnetic
insulating nedium 19 is preferably 5% or nore by weight, nore

pr ef eridb| nfysrtdpn Qe eies, WBpgALD the PRelaad P rBanges isharvaryusy
wei ght, a sufficient lubricity is not obtained. gven if the amount is
30% or norawifghueanhtan dpsulabingmeding o thentak siellecitepr ssekionn
~the other hand, 20 the amount of the added pol yol ester(s) is

pr ef er abl yinathenei t lead jfepsichhuger noe at Bélioohestiariddat wbhich hithe

pol yol ester is larger than that of the silicone Iiquid. Thus, the
anount of fididopdhgolsésrerddded:s opecbermdnty H6aied Esembyhaeghip
nore preferably 20% or | ess by weight. 25The silicone liquid is

pr ef er abl ywotiststhpbsifl syaret it olepl estaire thavy niglaef Taatnpd in 115 ghe
met hyl phenyl silicone represented by the fornmula (6). As the

i nsul atsi NgHERALYOPd Sand rEidsnitadi BY end Im&o%hg.t £bfilihet Ef‘ﬁ #%0C
is used. It is preferred that the flash point 5 of each of the _
silicone lggquid and the pol'yol ester(s) to be mixed is higher than
250C. It is allowable to incorporate, into the insulating

medi um 19, an apgi 0¥ HaBY ey )\dpbhappi ng agent, an antifoaper, a
netal inacti vat?ng ag?g%tt( o?lbtﬁ'?)l I ké.g In each of Exanpl es 18% to 5

and Conpar at i VeRE}-(éHP-!@(%P%(-)%C?)n-%l i nsul ati ng nedi um 19 us%\g)i n the

tap selector sectionis s e 1.
C(CH,-0O(CO)-R2), (3)
20 (R2-{CO)0-CH;)3sC~CH,-0-CH;~-C- (CH;~0{CO) ~R2)3 {(4)

wherein Rl represents hydrogen or an alkyl group having 1 to
3 carbon atoms, and R2 represents one ormore alkyl groups having
5 to 12 carbon atoms.

{6) The sillcone ligquid is preferably one or more

25 selected from the group consisting of silicones represented



(to be continued) en H WO HAN E4 poop aood a00d t o
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15

20

by the following formulae (5) and (6):

CHs CH, CH

l I I
GHz~ Si = O - ( 8~ 0 ),~ Si - GHs

} ( |

CH ¢
CHy 3 He (5)

CH, CgHz CHys = CHs
1 | I |

Oz~ 8i~ 0 —(8i-0),~(Si~0);~ Si—Chy
I ! I |

CH GgH CH CH
3 6rl5 3 3 (6)

wherein n, p and q are each an integer of 1 or more.

{(7) The content by percentage of the synthetic polyol’
ester 1s preferably from 5 to 30% by welght of the insulating
medium.

(8) Thekinematicviscositycoefficientof thesilicone
liquid is 50 mm?/s or less at 25°C.

. The invention will be described in detall by wc;.—xy of the
following examples.

Examples 1 to 5, and Comparative Examples 1 to 5:

Referring to Fig. 1, an on-load tap changer 16 1$ roughly
composed of a changeover switch sectlon 17 and a tap selector
section 18. The on-load tap changer 16 used in Examples 1 to
5 was a vacuum switch type on-load tap changer wherein a vacuum
swiltchwas used as 1_:he changeover switchsectionl?7. Aschematic
viewof the vacuum switch type on-load tap changeris illustrated

in Fig. 2. In Figs. 1 and 2, a transformer wherein a primary



>08Z >C5Z >08Z't 1 nOxZ' T flOGxZTnGxt't 11 90 rtrE 88
ei gni onui  9- UnapOgni 10% by weight ) 5% by wei ght 5% by wei ght M xed

winding 3 and a secondary winding 4 are fitted onto an iron
core 2 is put into a tank 1 in which an insulating/cooling liquid
medium 6 is charged. The windings are each inserted into an
insulating cylinder 5. The iron core 2 is tightly fastened
5 with insulators 11, 12, 13 and 14 positioned on the upper and
lower ends of the windings, and metallic fasteners 10a and 10b.
Abreather isused toput dryair intoan LTC room. Alternativelﬁ,
the LTC room is made into an alr-tightly closed space, which
is shut out from the outside air, and further an inert gas (such

10 as nitrogen gas, SFs gas or CF3I gas) is enclosed into the room
in order to prevent disasters.

When a vacuum swiltch is used as the changeover switch
section 17, it is unnecessary to enclose any insulating/cooling
medium into the changeover switch section.

15 A circuit dlagram When vacuum switches are used as
changeover switches is il.lustrated inFig. 2. InFig. 2, vacuum
switches 22a and 22b are set in a changeover switch section
17a, and thé vacuum switches 22a and 22b are coﬁnected to a
current 1;.mit1ng resistor 21 in serlies. Thereto are connected

20 a tap selector section 18 and a tap winding 20 in parallel.

Fig. 3 illustrates a schematic structure of a resistor
type on-load tap changer as a switch section. An
insulating/cooling medium 19a is enclosed:in a tank in a
changeover switch secj::l.on 17b. The switéhing of contact points

25 1ig attached between movable arc contacters 24 and fixed arc



branched-chain aliphatic esters C of pentaerythritol type Viscosity:
30.2 m2/s at 40C i Methyl ricinoleate Mxed unsaturated aliphatic
esters D of glycerin type Viscosity: 33.0 sn2/s at 40C 90% by wei ght
100% by wei ght 100% by wei ght 953 by wei ght 95% by wei ght
DinethylsilicOne liquid Viscosity: 590

contacters 23. The other structures of the changer are
substantially the same structures as illustrated in Fig. 2.
However, in the changer lllustrated 1n Fig. 3, arcs may be
generated at the time of the switchiling of the contact points;

.5 therefore, the insulating/cooling medium 19a is required to
have arc resistance.

Returning to Flg. 1, cooling pipes 9a and Sb are used
tocilrculate the insulating/coolingmedium6 inthe transformer.
The warmed medium 6 1s discharged from the upper portion of

10 the tank, and is cooled with a cooler 8. The medlum 6 1s passed
in a pipe 9b positioned in the lower portion of the tank, and
returned into the tank.

An oil channel 15 is made in the center of the iron core
2, and the cooled medlum 6 rlses up in this oll channel 15 while

15 tlie cooled medium 6 cools the iron core 2.

The tap selector section is filled with the insulating
medium 19. The used insulating medlum 19 is a silicone 1iguid,
which a polyol ester 1s mixed with (dissolved in}. The mixed
polyol ester is preferably a hindered type polyol ester, which

20 1s synthesized from a polyhydric alcohol and a monovalent
aliphatic acid and is excellent in thermal stability and
hydrolysis resistance.

Examples of the polyhydric alcohol include neopentyl
glycol, trimethylolpropane, and pentaerythritol. Examples of

25 themonovalent aliphatic acid include pentanoic acid, hexanoic




m/ 9 at 25C Fl ash point:>250C Dinsthylsilicone liquid Viscosity: 20
me/s at 25C Pl ash point:>250C Dinethylsilicone liquid Viscosity: 50
mR/ 9 at 25C Fl ash point:>250C Dinethylsilicone liquid Viscosity: 20
m/ 9 at 25C Flash point: .250C Dinethylsilicone liquid Viscosity:

20 tne/s at 25C Fl ash 11

acid, heptanoic acid, octanoic ac;id, 2—methy1butanoiq -acid,

2-methylpentanoic acid, 2-methylhexanoic acid,

z-gthylhexanoic acid, :I.soocta.noic acid, and

3,5,5-trimethylhexanoic aclid. These may be used alone or in
5 combination.

In the invention, it 1s preferred touse one or more polyol
esters répresented by the formulae (1), (2}, (3) and/or t4),
whicheachhave 1n themolecule thereof at 1east two ester groups.
The formula (1) represents a neopentyl glycol type polyocl ester;

10 the formula (2) represents a trimethylolpropane tybe polyol.

- ester; th.e formula (3) represents a pentaerythritol type polyol

estér; and the formula (4) represents a dipentaerythritol type

polyol ester. These polyol esters may be used alone, or in

“the form of a mixture of two or more thereof. The amount of

15 the polyol ester(s) in the insulating medium 19 is preferably

5% or more by welght, more preferably 10% or more by welght.

If the amount is less than 5% by weight, a sufficient lubricity

1s not obtained. Even 1f the amount 1is 30% or more by welght,

the lubricity is not remarkably improved. On the other hand,

20 the amount of th~e added polyol ester(s) is preferably as small

as possible since the combustion heat of the polyol ester is

larger than that of the silicone liquid. Thus, the amount of

the polyol ester(s) is preferably 30% or less by weight, more
preferably 20% or less by welght.

25 | The silicone liguid 1s preferably dimethylisilicone



" poi nt: >250C Exanpl e 5 Conparative Exanple 1 Conparative Exanple 2
Conparati ve Exanple 3 Conparative Exanple 4 15 It is
understood that in each of Exanples 1 to 5, the insulating nedium
used in the tap selector section had a flash point higher than 250C
and a volune resistivity of 1.0 x 1013 Gcmor nore so as to have a
sufficient insulating property. 5 1t*% s al so understood that each of
the insulating nedia had an excellent lubricity. Wen a
vacuum switch is used as the changeover switch section in the tap
changer ireprésempaiiat the fowstilat £8) J rorFimethylpheyyastl bowhd he
cooling nedi um do not contact each other; 10 therefore, the vacuum
swi tch hagpleséiitied We thecFerrmudd @6, from the changeover switch is
generated in a vacuum i nside the vacuum val ve of the vacuum swi tch

while no arc igs §REANALEELOHY MbBuhne® VARG ARV Eng MOF EAEPoL L
silicone liquid is preferably used as the insulating/cooling nmedium

Cr anst or RePPSRhas 408 fPhelFoNint IR PR LARY ESLERICLET 2
ransf or e i
noonbusPEut T e ERUCERLAATY 1A A dnpplElo P RE) 16T

dimethyl silicope 20 _liquids havihg viscosities different from each
ot her wePE*eA S (hipiard t;‘?nt ﬁaoi(ﬂ'sul ating mediumused in the tap
sel ector section, The dinethylsilicone |iquids did not give
Sufficient | ubr 4F B LareRiRih BREFPoERt trst AR FhR AR HLR F SRR

hi gher than 250C and a volune resistivity of 1.0 x 1013 Ccm 25 O
nore at &8c.an gptloxidant, pncagddr BYIRRIOG 3ARNEs an ARtifoamer, a
investigated were nethyl ricinoleate , which is a linear aliphatic
aci d est@etabpinatiivadipg agent mem they)likp, ysiny fash & BRaMBHRE an
aliphatic acid ester of -glycerin represented by a fornmula (8) '
i|1userafetb Betnd, Conparattive Exammpsisedstods theckpurlatdag medhumnount
of 5% by wei ght of the whole of the insulating nmedium However,

met hyl rigiusddatre thes taps selleetor nsexiiioradsasbowh bh Pdblby wei ght.
The entire amount (5% by weight ) of the aliphatic acid ester of

gl ycerin was not dissolved, either. Each of nethyl



10 ricinoleate and the aliphatic acid ester of glycerin represented
by the formula (8) was not dissolved up to 5% by weight in the

I nsul ating nmedium nade mainly of the silicone liquid, and a
sufficient lubricity was not obtained. CH3- (CH2)5 - CH N OH2 -OH =CF
- (CH2)2 - 070- OHB O ( 7 ) 150142 -0 -C- RBI8CH 0O0-0- R4 O
0112 - 0- 0- RS 0 (8 wherein R3, R4 and R5 are each an al kyl group

havi ng one or nore carbon atons. ‘ As descri bed above, by Be of
a vacuum swi tch as an op-load-tap -changeras illustrated-inFg. 81,
arc is prevented from {17 being rladiated in a nedi um|therein, thgreby
making it pogsi ble to npke the changer inconbustibl e Furthermar}é by
filling, as [gh insulating mediumiin its tap sel ector |section, a &
silicone liqd into vvhirgch one orjgnore synthetic pol ygl esters
repr esent ed & by the fojgrul ae (1) c, (2) , ) and/or |£4) , whe'é‘?n R1
represents hy"‘dr-ogen or—ahR—a-ky c?geup havi-Ag—t—te—3—¢arben at-efrss and
R2 representiE om—:-nor mor e al kyl droups havilng 5 to 12 carbon af ons,
are incorporded Cthe ipsul ati ng {property and the sliding
characteri st |°¢gr§e§w red for the tjap selector sectionfare 10 satisfied
so that the fﬁpe‘; Fetardancy of the on-load|fvap changeg can be
i nproved. Exanglseg 6 to@: 0 n @
>
Su g
bo m wn 13 - "
o~ A ] - - -
[ S B «Jg (=) ¥ o =)
EmE = — i i —t
=< 0 9Hglx X X X
- u O uwda N o -1 o
coCGaogaoco . .
BH—PE 0w -l N o
@
e
= om
LI =I
o ©
o W
mmﬂg
B8 AL e « ®
LA EEY % o S <
SESES - - q -
g
o
e B
: 5 ] By
< de -l g dp
de oo o e =}
0 — ¥ mE - x )
g g o 4 72| s ~
B SRR LD TR R E BT
8 -oo'ﬂ 5 ﬁuoz 5w ?uo'g 5 500,43;;,3
-a-.-m:'E b --{n:E. e au--:qE o gda®mdd,
: PRnE 38 RELY % 3ELF ¥ EinfL
b %5§%Se8£%ﬁﬁ8£o8&%§m%3 3&’5%'&.5&23&
3 PR P R PR R LR
< BH8 A T B[R A HEEd AT EEER 0805 B
o -
=7
]
M
& by 4 By 4 By 4 o 42
: g 58 2% =%
A g - e o o o o
O o 0 o 9 [=J]
5 o X [ 3- - o X
3 : : : :
g sy g %o £y o |88 L
g IO S T - RS T = R
-E‘! Tﬂ‘ ;1N % ] W tto) 4] B n L] 5 & n
Fx) d o (] - + o o~ - o o ~ H oo [
o o e A |Bg@e A BRLdwe & E,dw 4
™ e I P SR8 a0 d58 a8 ﬁ-ﬁga.::.u
o ] 8&» 2084 o207 g @ aqw =
Eg‘b}u ﬂ-ﬁ ﬁ:@:‘w nﬂ ﬁg‘m a-ﬂl EEEN E'-E,I
g 23Rk AAdEAR [FA8ERE [ADFEAR
- — ™~ [sp] «
C S g L
3 =1} =1} & £
: : : : a
B L4 & & a




In each of Exanples 6 to 9, in the on-load tap changer attached
transforner in Fi.g.. 1, -awhich is one exanple of the 15 invention; a
resistor type on-load tap changer using a current limting resistor
was used as the changeover. switch section 17. The resistor type

on-l oad tap changer is schematically illustrated in Fig . 3. In the
resistor type on-load tap changer, an insulating nmedium 19a is used

I n the changeover switch section 20 17. In each of Exanples 6 to 9, a

polyol ester oil was u as_an_insulating nmediumin the tap sel ector
section{ Each ingulating{nmediumijused injthe tap [selector section is
shown ip Table 2,| and eagh insuljating diumused in the changeover
switch pection i g shown iin Tabl ¢ 3. Lybricity | poop poop poop Poop
Fl ash pagi nt of th% i nsul agi ng medium (QC) >0 St| >0&xZ >0 >0
Vol ume g5|ﬁ|wt£(0.NQgM . '
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6 PT Insulating nediumin the tap sel ector section

15

It is understoc;d that in each of Examples 1 to 5, the
insulating medium used in the tap selector section had a £lash
point higher than 250°C and a volume resistivity of 1.0 x 10
Ocm or more so as to have a sufficient insulating property.

5 It is also understood that each of the insulating media had
an excellent lubricity.

When a vacuum. switch is used as the changeover switch
gsection in the tap changer in the apparatus illustrated in Fig.
1; any arc and the cooling medium do not contact each other; '

10 therefore, the vacuum switch has a structure wherein an arc
from the chahgeover switch is generated in a vacuum inside the
vacuum valve of the vacuum switch while no arc is generated
outside the wvacuum valve. Moreover, a silicone liguid is
preferably used as the lnsulating/cooling medium enclosed in

15 the tank for receivingan inductiondevice suchasa transformer.
However, adifferent insulating/coolingmedium, such as mineral
oil, may be used although the use is not preferred for
incombustiblility.

In Comparative Examples 1 and 2, two dimethylsilicone

20 liquids having viscosities different from each other were
investigated as the insulating medium used in the tap selector
section. The dimethylsilicone liquids did not give a

J sufficient lubricity although thé liquids eachhad a £lash point

higher than 250°C and a volume resistivity of 1.0 x 10*° Ocm

25 or more at 80°C.




10% by .wei ght 10* by wei ght 10% by wei ght 10% by wei ght M xed
branched-chain aliphatic esters A of pentaerythritol type Viscosity:
68.1 ace/s at 40C M xed branched-chain aliphatic esters B
of neopent yl pdycol type Viscosity: 15.1 mre/s at 40C Single
branched-chain aliphatic acid ester 8 of | trimethyl ol propane type
Viscosity: 16.1 16
In Comparative Examples 3 and 4, investigated were methyl

ricinoleate, whichis alinear aliphaticacid ester represented

by a formula (7) 1llustrated below, and an aliphatic acid ester

of glycerin represented by a formula (8) illustrated below.

5 [Each of the esters was lncorporated in an amount of 5% by welight
of the whole of the insulating medium. However, methyl
ricinoleate was dissolved in only an am'ount of 2% by welght.
The entire amount (5% by welght) of the aliphatic acid ester
of glycerin was not dissolved, either. Each of methyl

10 ricinoleateandthealiphaticacidesterof glycerinrepresented
by the formula (8) was not dissolved up to 5% by weight in the '

insulating medium made mainly of the silicone liquid, and a

sufficient lubriclty was not obtalned.

OH
1
CHy= (CHp )5 = CH~CHy~CH=CH= (CHy), -G~ 0 — CH,
.

0 (7)

CHz—0-C-R3
0

CH~-0-C~R4
| 0
CH,-0-C~Rb

15 : : 0 (8)
wherein R3, R4 and RS are each an alkyl group having one or
more carbon atoms.
As described above, by use of a vacuum switch as Ian on-load

tap changer as illustrated in Filg. 1, arc is prevented from




mr/s at 40C M xed branched-chain aliphatic eaters F

of neopentyl gl ycol type Viscosity: 15.8 mm2/8 at 40C 90% by wei ght
904 by wei ght 90% by wei ght 90% by wei ght Dt et hyl silicone |iquid
Viscosity: 20 maNs at 25C Fl ash point:>250C Di nethylsilicone |iquid

Viscosity: 20
17

being radiated in a med:l.um therein, thereby making it possible
to make the changer incombustible. Furthermore, by £illing,
as an insulating medium in its tap selector section, a silicone
liquidintowhichone ormoresyntheticpolyol esters represented
5 by the formulae (1)}, (2), (3) and/or (4), wherein Rl represents
hydrogen or an alkyl group having 1 to 3 carbon atoms and R2
represents one or more alkyl groups having 5 to 12 carbon atoms,
are incorporated, the insulating property and the sliding
characteristic required for the tap selector section are
10 satisfiedsothatthefireretardancyoftheon-loadtapchangef
can be improved. |
Examples 6.to 9:
In each of Examples 6 to 9, in the on-load tap changer
attached transformer in Fig. 1, which 1s one example of the
15 inventlon, a resistor type on-load tap changer using a current
limiting resistor was used as the changeover switch section
' 17. The resistor type on-load tap changer is schematically
illustratedinFig. 3. Intheresistor typeon-loadtapchanger,
an insulatingmedium 1%alsusedin the changeover switch section
20 17. In each of Examples 6 to 9, a polyol ester oil was used
as an insulating medium in the tap selector section. Each
insulating medium used in the tap selector section is shown
in Table 2, and each insulating medium used in the changeover
switch section is shown in Table 3.

25



m/ 2 at 25C Fl ash point:

>250C Di et hyl silicone liquid Viscosity: 20

ane/s at 25C Fl ash point:>250C Dinethylsilicone liquid Viscosity: 20

9 oTdnvxg Exanple 7 Exanple 8

mm /s at 25C Fl ash poi nt:>250C

Exanple 9 19 Table 3
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R -

I nsul ating nmediumin the changeover switch section Viscosity
(m2/s)of the insulatin g mediumat 40 C Volune resistivity (0.cm of

.the insulating nmediumat 80C Fl ash point of the insulating nmedium (C)

Exanpl e 6 M xed branched-chain aliphatic esters A of pentaerythritol
type 68.1 4.8x10n 250< Exanple 7 M xed branched-chain aliphatic
esters C of pentaerythritol type 30.214.0x10" 250< Exanple 8 M xed
branched-chain aliphatic esters A of pentaerythritol type

Table 3

Insulating
medium in the
changsover
switch section

Viscosity
{mm?/s) of
the
insulatin
g medium
at 40 °C

Volume
resistivity
{Q-em) of
the
insulating
medium at

Flash point
of the

insulating
medium {°C)

80°C
4.8x10%°

Mixed:
branched-chain
aliphatic esters
A of
pentaerythritol
type

Mixed
branched-chain
aliphatic esters
C of
pentaerythritol
type '

Mixed
branched-chain
aliphatic esters
A of
pentaerythritol
type

Mixed
branched-chain
aliphatic esters
C of
pentaerythritol
type

Example 7 30.2 1.0x10™* 250<

Example 8 68.1 4.8x10%* 250<

Example 9 30.2 1.0x10* 250<

It is understood that in each of Examples 6 to 9, the
insulating medium used in the tap selector section had a flash
5 point higher than 250 °C and a volume resistivity of 1.0 x 10%
Ocm or more so as .to have a sufficilent insulating property.
It is also understood that each of the insulating media had

an excellent lubricity.
It is alsoiunderstood that in each of the same examples,

10 the insulating medium used in the changeover switch section



68.1 4.8x10n 250< Exanple 9 M xed branched-chain aliphatic esters C
of pentaerythritol type 30.2 1.0x10" 250< It is understood
that in each of Exanples 6 to 9, the insulating nmediumused in the
tap selector section had a flash S point higher than 250 C and a
volume resistivity of 1.0 x 1013 Ccmor nore so as to have a
sufficient insulating property. It iz also understood that each of
the insulating nedia had an excellent lubricity. It is

al so understood that in each of the sane exanples, 10 the insulating

medi um used in_the changeoyer switch_segfi o 20 had fl | nt

hi gher t kad 25Bkash ot OP%%GJF gg‘aé"t ?sgt({/ a@'ﬁ i.%oi(]m%%g é’rgh%g‘rrgg%re S0
as to have a suffigient insulating property. EX e 1Q an

Conpar at iofel @(éﬁb@léso%“ & TS PRATF | Be 1% ﬁyfg{ﬂr?ﬁmaﬂﬁﬁatﬁﬂﬁi a
was eval uated .by a cone calorinmeter nethod. A radiated calorie of 50
KW n2 wa®rapprted to each of the insulating nedia. At this time, the

maxi mum heat generation rate was neasured. The neasured results are
shown i n Tabl eExampgi®rdll @andl Cpmparativey Bxsgipdgs 5 to 9:

5 The £lammability of‘insulating media was evaluated by
a cone calorimeter method. A radiated calorie of 50 kW/m? was
applied to each of the insulating media. At this time, the
maximum heat generation rate was measured. The measured
results are shown in Table 4.

10 Table 4

Insulating medium Maximum heat )

' generationrate(kﬂhﬁ)
Example 10 Dimethylsiliceone 242

ligquid/mixed
branched-chain .
aliphatlic acid esters A
of pentaerythritol
type =90wt%/lowtd
Comparative Example 5 | Mineral oil 1410

Comparative Example 6 | Dimethylsilicone 230
liguid

Viscosity: 20 mm*/s at
_ 25°C ‘
Comparative Example 7 | Dimethylsilicone 203
Yiquid

Viscosgity: 50 mm®/s at
: 25°C : !
Comparative Example 8 | Mixed branched-chain 770
aliphatic acid esters A
of pentaerythritol
type

Comparative Example 9 | Mixed branched-chain 744
aliphatic acid esters C
of pentaerythritol
type

It is understood that the maximum heat generation rate

of synthetic polyol esters is lower than that of mineral oil



Maxi mum heat generation rate (kWnR) 242 Exanple 10 Di nmethylsilicone
|'i qui d/ m xed branched-chain aliphatic acid esters 'A of
pentaerythritol type =90vrtt/lI Om* Conparative Exanple 5 M neral
1410 Conparative Exanple 6 Dinethylsilicone liquid , Viscosity: 20
me /s at 25C 230 Conparative Exanple 7 Dinmethylsilicone Iiquid
Viscosity: 50 nmm®2/s at 25C . 203 Conpatative Exanple 8 M xed
branched-chain aliphatic acid esters A of pentaerythritol type 770
Conpar ative Exanple 9 M xed branched-chain aliphaticaci destersC of

pent aer yt iid Qihe ¥B®imum heat generation rate of silicone liquids is

10

15

20

25

even lower.

The result obtained by measuring the maximum heat
generation rate of a system wherein mixed branched-chain
aliphatic acid esters C of pentaerythritol type were added to
a dimethyl silicone liquid so as to set the amount of the esters
C to 10% by welght is also shown as an example 1n Table 4. It
is understood that the maximum heat generation rate 1s very

small, on which the fire retardancy of the dimethyl silicone

1iquid is reflected.

The maximumheat generationrate of syntheti¢ polyol esfer
would hardly be varied in accordance with the speciles thereof;
therefore, the makimum heat generation rate of a system wherein
synthetic polyol ester 1s added to the silicone liguid would
not be la:t;gely varlied frbm the values 1n Table 4.

as described above, by filling, as an insulating medium
in a tap selector section as illustrated in Fig. 1, a silicone
liguid having a fire point highér than 250°C into which one
or more synthetic polyol esters represented by the formulae
(1), (2), (3) and/or (4), wherein Rl represents hydfogen or
an alkyl group having 1 to 3 carbon atoms and R2 represents
one or more alkyl groups having 5 to 12 carbon atoms, are
incorporated, the insulating property and the. sliding
characteristic required for the tap selector section are

gatisfied so that the fire retardancy of the on-load tap changer

oi |



744 It is understood that the nmaxi num heat generation rate of
synthetic polyol esters is lower than that of mneral oil 21 and
t he maxi mum heat generation rate of silicone liquids is even |ower.
The result obtained by neasuring the maxi num heat generation rate of
a system wherein m xed branched-chain 5 aliphatic acid esters C of
pentaerythritol type were added to a2dinethyl silicone liquid so as
to set the ambunt of the esters Cto 10% by weight is also shown as
an exanple in Table 4. It is understood that the naxi num heat
gener at i ofh Hef 1npry@ed.small, on which the fire retardancy of the
dimethyl silicone 10 liquid is reflected. The maxi num heat
generation rat %hgfiﬂ/@ﬁfféﬂ G PUNMBbrgss i 4PW d hardly be varied in

accordance with the species thereof ; therefore, the maxi mum heat

generatiof, 4 - [ oS k§.added
to the sitfnjl'lc:%trcl)gl ﬁﬁ&g?@y%ﬁgdf% gﬁg? a%égﬁg’?%e ya%at)r/il(uéld%;’%%%a? %2 val ues
in Table 4. As descri bed above LLLin j i ng
nedi um i n"ﬁhicthalbaié"i gﬁfg?atggf@? i ‘%ﬁa%eri ??%?tc Slgfa %hs%lsgliéggﬂé rlglasulg'?ii cone
_liquid having a fire point hjgher _than 250C_ into, which one or nore
synt nét | BNy PEuRataRg/ Fopt lemPalith, spAc: FePhELae $6= Iprovisg *(3)
and/or (4), wherein Rl represents hydrogen or an al kyl group having 1-
to 3 car bée flsesrahardenedprtdvefrs saslstangs and e §lddp89having 5
to 12 carbon atons, are incorporated, the insulating property and the
slidi ng ottmracteristic afetbe aparatus he Theplreertiqn isannldeable 25
satisfied so that the fire retardancy of the on-load tap changer 22
can be i npr ancdlectrical Eppanatest iehng | cdddeonedliguibda such as
silicon-liquid-containing stationary induction apparatus which has a
on-| oad taémidiesgerlagdidotdmiainiagsitiransfiermexui d 5 as an
i nsul ating/cooling nedium and a technique for inproving the fire
ret arsgancy, the arc resistance and the sliding characteristic of the
apparatus. The invention is applicable to an electrical apparatus
using a silicone liquid, such as a silicone-I|iquid-containing
transfornmer. 10



23 Caiml A stationary electric induction apparatus with an
on-1oad tap changer conprising a tank, an el ectro-nmagnetic induction
apparatus di sposed in the tank together with a liquid insulating
mat eri al having a flashing point higher than 250 t, and an on-1|oad
tap changer for controlling a voltage of the el ectronagnetic
i nducti on apparatus, wherein the on-load tap changer conprises a tap
switching section and a tap selector, characterized in that the
liquid insulating material for at |edst the tap selector is a
silicone liquid having a flashing point higher than 250 A: in which a
synt hetic pol yol -ester having the flashing point higher than 250 t is
di ssolved in an anount of 5 to 30 % by weight per the total weight of
the liquid insulating material. Claim 2 A stationary electric
i nducti on apparatus with an on-load tap changer conprising a tank, an
el ectro-magneti ¢ i nduction' apparatus disposed in the tank together
with a |i&dPd™ rsul ating material having a flashing point higher than
250 t, and an gn-load ta %g%gggn for controllinqaﬁ:volta e of tEe
el ect romagneti & ?hdttPPdhY INGHEF PR AE G DYE PS5 eRangest
conprisesta taﬁ Smﬁtching sectioniﬁggﬁa tap se%ec[pr, 4 .
char act er i-Z78d “I"A"PR&t “PHET T PHUF o | ati'h§ e AP 6t HPEESEPRe
tap sel ec i Skl e, l.iquid i f | ashi oi nt . higher  than
250 00 i ntag’kﬁgﬁtg‘ss% ﬁée)%]eu%E%gﬁ%yeoFQ%Et%’%e%éﬁrn"él‘ég% B 18%}12?4‘:%8
hi gher th hS.di | ved.in,an_anoun : to,.30 % i ght , per
the ot al TRSEIRETof RS Fquha T ACa: RIS RAeBFFarTaRnast 1 e B
synt heti c cpahual- slelnias gl &eéstcoﬁ%oﬁ@ﬁhgr aS%?%sQ brognkhe group
consi sting of (Rl-CH2)2-C (CH2-0(CO)-R2)2Fornul a (1)
R - CH2- C- 68210 ofERheRa)-3FARALE Boh 2) o6a £ 5HRS O(H) rd2) 4FRS B-3.o63) tap
(R2-(00) 0- CH2) 4- OH2- 0- OH2- 0- CH2- G- (01-12-0(00)-R2)4 Fornula (4).
A aim3 changéhecshplbiionary whechiitehinduettonoappad af usipvsthether,
on-load tap changer according to claim1l or 2, wherein the tap
swW t chi ngchecticorriseca vactuuatswhechiqgGial tndulatindheaskatendby at
el ectric induction apparatus with the on-load tap changer accordi ng
to clai mleest2thaheariseltde o llisceneiliquind 1sgqatd Iteasiingpre firerbéng
selected fromthe group consisting of fornulae (5) and (6). 25

point higher than 250 °C in which a synthetic polyol-ester

having the flashing point higher than 250 C is dissolved in
an amcunt of 5 to 30 % by weilght per the total weight of the

iigquid insulating material.

Claim 2

A stationary electric induction apparatus with an on-load
tap changer comprising a tank, an electro-magnetic induction
apparatus disposed in the tank togetherwith a liquid insulating
material having a flashing point higher than 250 °C, and an
on?load tap changer for conﬁrolling a véltage of the
electromagnetic induction apparatus, wherein the on-load tap

changer comprises a tap switching section and a tap selector,



C H3CH3CH3 CH30 ( Si 0 ), - Si - CH3Formula (5) CH3OH3CH3 CH3 05115
CH3 CH3 | 1 1 | Si '.a. CH3 1 | | | CH3 C6H5 CH3
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characterized in that the liquid insulating meaterial for at
least the tap selecteor is a silicone liquid having a flashing
point higher than 250 C in which a synthetic polyol-ester
having a £lashing point higher than 250 is dissclved in an amount
of 5 to 30 % by weilght per the total weight of the liquid
insulating material, wherein the synthetic polyol-ester is at

least one member selected from the group consisting of

(R1-CH32)2—-C-{CH,—0O(CO)-R2), Formula (1)
R1-CHo~C~ (CHz~0.(CO) ~R2) 3 Formula (2)
C—(CH,-0(CQO)-R2) 4 Formula (3)

(R2-(CO) O-CHz) 4—CH3-0-CH3-0~CH3-C~- (CH2-0 (CO) -R2) 4

Formula (4).

Claim 3
The stationary electric induction apparatus with the
on-load tap changer according to claim 1 or 2, wherein the tap

switching section is a wvacuum switch.

Claim 4

The stationary electric induction apparatus with the
on-load tap changer according to claim 1 or 2, wherein the
silicone liquid is at least one member selected from the group

consisting of formulae (5) and (6).



CH3 Formula (6) Aaimb5 The stationary electric induction
apparatus with the on-1oad tap changer according to claim1l or 2,
wherein the silicone liquid has a dynggr c viscosity coefficient of 50
m2/s at 25 C. Caimé6 The stationary electric induction
apparatus with the on-1oad tap changer according to any one of clains

1to 5 wherein an unt of synt het j.¢ ,pol yol -ester is 10 to 20 %
by wei ght . G?'g;) épﬁ% tﬁ"ﬁs
l 1 }

@Ha“gi’“{}“(Sﬁ”G)n“giwaﬁg

| | i Formula {5)

CHy CHs CH3

CHj CgHs CHs CHg
o ! ) ]
CHy-8i-= 0~ (8i—-0),~(Si~0),~ 8 ~CH

f ] i |
CH;; GgHs CHa GHS

Formula (¢)

Ciaim 5

The staticnary electric induction apparatus with the
on—-load tap changer according to claim 1 or 2, wherein the
silicone liquid has a dynamic viscosity coefficient of 50 mm?/s

at 25 C.

Claim 6
The stationary electric induction apparatus with the
on-load tap changer according to any one of claims 1 £to 5, wherein

an amount of the synthetic polyol-ester is 10 to 20 % by weight.



