1 TITLE OF THE | NVENTI ON: ON- LOAD TAP CHANGER ATTACHED STATI ONARY | NDUCTI ON
APPARATUS FIELD OF THE | NVENTION: 5 The 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 insulating/cooling nedium 10 BACKGROUND OF THE | NVENTI ON: As
an insulating/ cooling nediumfor transfornmers, which are stationary

i nducti on apparatuses wherein the insulating/cooling mediumis used,

I nsul atin i]s._suc I neral oil have been hitherto used. 15 Wien a fire
r et ar dant &#55%% %ﬁﬁhydﬂg ‘d, as an insul ating/cooling medium for
transforners, instead of the mmneral oil, the fire retardancy of the

t r ansf or N -d&ADEAP CHANGERJATPACHEPhETATHONABR e ANDUGTEGNt APPARABUS et ar dancy
is desired also for an on-load tap changer fitted to transforners 20 in
order to adjust the voltage of the transforners. An on-load tap changer is
conposed mai nly of a changeover switch section and a tap sel ector section.

Pat ent Deq@iplor THE SivENtXdiel ow di scl oses an on-load tap changer having a
changeover switch section wherein an ester oil or liquid silicone 25 having

a flash point pigher th 250C .i.s _use nd ,a tap. sel ector. |l ction
Wnere?n a nat u&;‘g %5?%?€€ij1nvﬁé\ﬁir%1 ieﬁ?gg% tpoofiﬁflﬂ? &I? rdtaﬁlz}-nlggﬁ%gi s used.
Pat ent Docunent_ 1 al so discloses the use of a synthetic ester oil _instead
of . t he n&h@rgedestatigppry fpdvaEiaB PPNt MtkshMas  agi eBricad an
on-load tap changer 5 of a low sliding resistance type which has: a
changeovdapswhianiger and contains a fire-retardant insulating liquid

material as an insulating/cooling medium.

10 BACKGROUND OF THE INVENTION:

As an 1nsulat1ng/cooliﬁg medium for transformers, which
-are stationary induction apparatuses wherein the
insulating/cooling medium is used, 1nsu1at1ng'oils such as
mineral oil have been hithérto used.

15 When a fire retardant silicon liquid is used, as an
insulating/cooling medlium 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 fitted to transformers

20 1n order to adjust the voltage of the transformers.

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

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



section wherein a liquid silicone having a flash point higher than 250C is
used; and a tap selector section wherein a liquid silicone having a flash
poi nt hi gher than 250C i s used. Suggested is also an on-load tap changer
using a vacuum 10 switch in order to prevent an arc frombeing radiated in
a medium in the changer. The on-load2tap changer has been put into
practical use. Patent Docunent 1: Japanese Patent Application Laid-Qpen
(JP-A-) No. 2006-114615 15 In the case of using a liquid silicone in a
changeover ction,.in_accordan the t.hod .d sc% ged i n Pat ent

O Sdet { WRErRIR 4 Parugal SElAR 81T Abtihg RerlSin poantpls

generated. As a result, an insulator may be generat ed so that a poor

cont act tﬁa,nti’éocﬁut%dlserﬁ-t h@atpatgloounentii 1 @lsediisglose® thetnsecase of
using, in a tap selector section, a liquid silicone, which is poor in

| ubri ci tof iah syrsihekiicg efsagemroibewmaamtmﬂ themamwal lestext adili.n the tap
sel ector section may be worn away even if a low sliding resistance type tap

changer purtiffihord), PABEnE R uRentSi agseleeeeréﬁ ofiL 1848ty EKakgéer Oil in a
changeover 25 switch section or a tap seiector section, the apparatus having

2 o B, SHCD Pl b1 4R%ho obi 2RI bt £ R Oragﬂgg o9aE Ly o e vol ure

resi 8tiwvi OW an by hydrolrysi s
t hereof, so that the insulating characteristic wer. 5 SUMMVARY OF THE
| NVENTI @eCtdprhppereiss aiauid sdddcongeharingia ft155|5‘r BOiLAL highex; onary

I nducti on apparatus having on-load tap changers, which is excellent in fire
r et ar dartham2808&g Hisbusedaramsher tap sgleick oxhseatieniviereigt abltqui@r a | ong
rerm silicone having a flash point higher than 250°C is used.
Suggested is also an on-load tap changer using a vacuum
10 switch in order to prevent an arc from being radiated in a medium
in the changer. The ‘on-load tap changer has been put into
practical use.
Patent Document 1: Japanese Patent Application Laid-Open
(JP-A-) No. 2006-114615
15 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 insuiator may be generated so
that apoor contact may be caused in the changeover switch sectien .
20 Inthecaseofusing, inatapselectorsection, aliquidsilicone,
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 resistance type tap changer is used. 1In

the case of using anatural or syntheticesteroilina changeover

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




Accordingly, the invention provides an on-load tap changer attached
stationary induction apparatus, including a tank, an el ectromagnetic

i nducti on device which is put, together wth a liquid insulating nmaterial
having a flash point higher 15 than 250C, in the tank, and an on-load tap
changer for adjusting the voltage of X he el ectromagnetic induction device,
wherein the on-load tap changer has a changeover switch section and. a tap
sel ector section, and the follow ng nediumis used as an insulating nmedi um
at | east r | ec . | 0N s ' in ich in silicone
l'iquid hgblgnsgégﬁ‘%lgghssglgﬁn%géﬁ;fg%%aré)% ﬁalﬁgzgﬁg‘lgégﬁl éso%‘ieitc)tjaorbao 1 ester
having a flash point higher than 250C in a proportigon of 5 to 30% by wei ght
of the i AEGIVRLURE Fedishivihe thereort isley and theelil dsidetaiclormtedr e pol yol
esters selected fromthe group consisting of 25 aneopentyl glycol type

pol yol ebyehydrplysiattuegof hesd dhatwthg iinsdbabim@ ¢ligracteristic

tri met hyl ol propane type pol yol ester represented by the follow ng formula
(2), a pmrayagebwer.itol type polyol ester represented by the follow ng
formula (3), and a dipentaerythritol type polyol ester represented by the 5
f ol IC%\A ng formula (4): (R1-CH2)2C(CH2-O(CO-R2)2 (1)

R1- CH2- (CH2- (CO) - R2) 3 (2) C(CH2-((CO -R2)4 (3)

(R2- (CO C - = -Q(CO-R2)3 (4) 10 wherein Rl represents
hydr ogen%%#%f)g;&lig‘}r %@&Eﬁg 1 to 3 carbon atons, and R2 represents
one or nore alkyl grou s having 5 to 12 carbon atons. According to the
invention, it AB pbderbl eft her pregentainyantdan daptennRng¥idet eached

stationary induction apparatus 15 which contains a silicone liquid and has
a changestatiswarghinduction apparatus having on-load tap changers,

which is excellent in fire retardancy and exhibits an operating
10 characteristic stable over a long term.
Accordingly, the invention provides an on-load tap
changer attached stationary induction apparatus, including a
tank, anelectromagnetic inductiondevice whichis put, fogether
with a liquid insulating material having a flash point higher
15 than 250°C, in the tank, and an on-1load 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 medium is used as
an 1nsulating 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 consisting of

25 aneopentylglycol typepolyolesterrepresentedbythe following



section satisfying a required insulating characteristic and arc resistance,
and a tap selector section satisfying a required insulating characteristic
and sliding characteristic so as to exhibit an excellent fire retardancy.
20 BRI EF DESCRI PTION OF THE DRAWNGS: Fig. 1 is a schematic view of an

on-|l oad tap changer attached transfarnmer containing a silicone, which is an
"exanple of the invention, has a changeover switch section satisfying 25
required insulating property and arc resistance and a tap | 5 selector
section satisfying required ingsulating property and sliding characteristic,
and is §?€@PﬂémﬂhrﬁFFF@GFBY&PHEﬁ@PanFtQPQP9¥¥Qi%%ﬁ%ﬁﬁ?@geﬁﬁgkqﬁ a vacuum
swtch type on-load tap changer to which the invention is applied; and 5

Fi g. 3 by thecfiehhwwingi Eormila (25 & genbgeeryhhiiidad type podygdr to which
the invention is applied. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS:

Wth rebgtegceeplebbfitatt BgheHe df M BeSngeteehmtilaal 3) Joanapar at uses which
each contain a silicon I|qU|d according to exanples of the invention wll

be desc Mg t d nts of the
|nventlggggﬁgggggiﬂ?iFPgd F8%§°l Q%&ngné%ﬁé%o e§2E9cEg§ger attached
statlon% X 15.ind CtIOE P ratus conprising a tank, an el ectromagnetic

i ndutti 6R &QV}Bg H-1fs 8 together with a liquid insulating material
having a fl ash 0|nt hi gher than 250C, in the tank, and an on-load tap
changer for aﬂBEs@HﬁbCK%Bzﬁ@Uﬁ&béR%izthe el ect romagnetic irddction device,
wherein the on-load tap 20 changer has a changeover swi tch section having a

vacuum swi t chR1-CH,-C(CH,-0(CO)-R2); (2)
C(CH,-0(CO)-R2), | (3)
(R2-(CO)0-CH, ) 3C~CHy-0-CH,-C(CH,-0(CO) -R2) 3 (4)

10 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. |
According to the invention, it is possible to provide
anon-loadtapchangerattachedstationary1nductionapparatus
15 which cbntains a silicone l1liquid and has a changeover switch
section.satisfying a requiréd insulating characteristic and
arCresistance,andatapselectorsectionsatisfyingazequiréd
insulating characteristic and sliding characteristic so as to
exhibit an excellent fire retardancy.
20
‘BRIEF DESCRIPTION OF THE DRAWINGS:
Fig. 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




and a tap selector section, and the following nediumis filled as an

I nsulating nmediumat |east for the tap selector section: a silicone liquid
to which a polyol ester having a flash point higher than 250C is added in a
proportion of 5 to 30% by weight 25 of the insulating nmedium | 6 (2) The
pol yol ester oil is preferably one or fhore sel ected fromthe group

consi sting of polyol esters represented by the following formulae (1), (2),
(3) and (4): (R1-CH2)2C(CH2-O(CO-R2)2 (1) 5R1 CH2- C(CH2-O(CO) - R2) 3 (2)

vhor i n REYEESHESRP L RGTOGER G  randed AR PO Y o

at ons, and represents one or m)re aI Kyl gioups having 10 to 12 carbon
at ons, tf%}thlélg ﬁPﬁHéP@&rﬂﬁﬁécpoPQ‘all%sﬁ’@&l e iphEize F%B%r@ﬁ”ﬁ%?d i s one

or nore selected from the group consisting of dinethylsilione represented
by the foll owFdg.f2dsa schematiiceriew ofi alyacamswbicl Yypleyent boadthe are
each a met hyl group, and nethyl phenylsilicone represented 15 by the

f ol | owi ngdporchdnyelblto Whdlch the davehdiion dfs appdleds laxane are partially
phenyl groups: CH3 CH3 CH3 | | | CH3-Si-0-(SI-0)"-Si-CH3 CH3 CH3 CH3 (5)

CH3 05H6 CH3 Cf‘:igl. I3 I.'I.SI a géﬁétﬁhtgc:(§ké9)gf(§i fggf‘éﬁai'%pe on-load

tap changer to which the invention 1s applied.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:
With reference to the attached drawings, electrical
10 apparatuses which each contain a silicon liquid according to
examples of the invention will be described hereinafter; before
the description, embodiments of the invention are exemplified
just blow.
(1) An on-load tap changer attached stationary
15 induction apparatus, comprising a tank, an electromagnetic
induction device which is put, togetherwithaliquidinsulating
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-load 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 insulating medium at least for the tap selector section:
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.



Il I I I CH3 O5H5 CH3 CH3 20 (6) wherein n, p and q are each an integer of
1 or nore. | 7 (4) The silicone liquid is preferably a silicon liquid
having a kinematic viscosity coefficient of 50 mR2/s or less at 25C. (5) An
on-|l oad tap changer attached stationary 5 induction apparatus, conprising a
tank, an el ectromagnetic induction device which is put, togetherwith an
i'nsul ati ng medium containing a silicone liquid, in the tank, and an on-| oad
tap changer which has a changeover switch section and a tap sel ector
'section in or?er to adjust the voltage of the el ectromagnetic 10 induction

devi ce, wher ef i)t heTRR-PRLYPY k@Mt 1% RrefRyaRlY Qfe 9T BOKP an

insul ating mediumfor the tap selector section in the on-load tap changer
is a sibedeptelifipamithe gxoupcansisting ofined Yol estenddepreseated nore
selected fromthe group consisting of synthetic polyol esters having a

fl ash peynthei gbenowdinghesrab&eand)epepsendahd (Bg:foll owi ng formnul ae
(1) to (4): (RL-CH2)2C(CH2-Q(CO-R2)2 (1) R1-CH2-C(CH2-Q(CO-R2)3 (2)

C( CH2- O( CO) - R@M_&ﬁ%)zgchgzog@ Q&¥R) 3C CHZ- O CHZ- C- (CHZ- cx(qc%- R2)3 (4)

wherein RL represents hydrogen or an” al kyl group having 1 to car bon
atolt. (o) ToRLeEhrRaBlB0d RESAr o er kbl 5 one or more 24 Del ected from
the group consisting of silicones represented
C(CH2-0(CO)-R2), - (3)
(R2-(CO)0O~-CH;)3C-CH,-0-CH,-C(CH,~0(CO) -R2)3; (4),
wherein R1 represents hydrogen or an alkyl group having 1 to
3 carbon atoms, and R2 represents one or more alkyl groups having
10 5 to 12 carbon atoms, that is, hindered type polyol esters.
(3) The silicon liquid is one or more selected from
the group consisting of dimethylsilione represented by the
following formula (5), wherein side chains of a polysiloxane
are each a méthyl group, and methylphenylsilicone represented

15 by the following formula (6), wherein side chains of a

polysiloxane are partially phenyl groups:

CHy CH; CH;
] i I

CH;~ Si—-0—-(8i~0) —Si~CH;
} I |

CH, CH, CH; 5)

CH; CeHs CH; CH,

] ‘ ! ] I
CH;—Si—0 ~ (8i—~0),~ (Si—0),~ 8i~CHy

| ! } ]

CHy CgHs CH, CH,

20 | (6)

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




| 8 by the following fornmulae (5) and (6): CH3 CH3 CH3 I | |
CH3-Si-0-(Si-0)n-Si-CH3 | I I CH3 CH3 CH3 (5) CH3 O0OH5 CHs CH3 I |
CH3-si- 0-(si-0)0-(Si-0)g- Si-CH3 I I I I CH3 CgH5 CH3 OHS (6) 5 wherein
n, p and q are each an integer of 1 or nore. (7) The content by percentage
of the synthetic polyol ester is preferably from5 to 30% by wei ght of the
i nsulating nedium (8) The kinematic viscosity coefficient of the silicone
toliquidis 50 m2/s or less at 25C. The invention will be described in

detail by way of the _fol]own xampl.es. EX I 1 tq. 5, and, Conparative
Exanmples 1 to 2:4) Re?@?r?%??}g?ﬁdgﬁgfi %‘up&'ﬁ%g%égﬁﬁaﬁ S &t 91@“&8 roughl y
15 conposed of a changeover switch section 17 and a tap selector section 18.
The on-| daying ackingdatic visgophtexaepfEicien of hanmy /$alTudesSSi tch type
on-|l oad tap changer wherein a vacuum swi tch was used as the changeover
switch sedi i2®icl7. A schematic view of the vacuumswitch type on-load tap
changer is illustrated 20 in Fig. 2. In Figs. 1 and 2, a transformer wherein
a primary 9 (5) An on-load tap changer attached stationary
5 induction apparatus, comprising a tank, an electromagnetic
inductiondevicewhichis put, togetherwithaninsulatingmedium
containing a silicone liquid, in the tank, and an on-load tap
changer which has a changeover switch section and a tap selector
section in order to adjust the voltage of the electromagnetic
10 1induction device, wherein the on-load tap changer is a vacuum
switch, and an insulating medium for the tap selector section
in the on-load tap changer is a silicone liquid to which the
following is/are added: one or more selected from the group
consistingofsyntheticpolyolestershavingaflashpointhigher
15 than 250°C and represented by the following formulae (1) to

(4):

(R1-CHz),C(CH,-0(CO)~R2), (1)
R1-CH;-C(CH,-0(CO) -R2)3 (2)
C(CH,-0(CO)-R2), | (3)

20 (R2-(CO)0-CH,) 3C~CH,-0-CH,-C- (CH2-0(CO) -R2) 3 (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.

(6) The silicone liquid is preferably one or more

25 selected from the group consisting of silicones represented



n
wi nding 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 nedium®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 |ower ends of the windingg, and netallic fasteners 10a and 10b.

A breather is used to put dry air into an LTC room Alternatively, the LTC
roomis made into an air-tightly closed space, which is shut out fromthe
outside air, and further an inert gas (such 10 as nitrogen gas, SF6 gas or
CF3l gaby tkeeficlbsetng nformhbae 005 amdof@er to prevent disasters. Wen a
vacuum switch is used as th& change r swtch section 17, it is
unnecessary to encl any PHs Ul at i %‘ﬁcool ing nediuminto the changeover
switch section. 15 W circuil diagrarh when vacuum switches are used as
changeover swiGH§resSiisO +I(8itr & Sh~=FCHz 2. In Fig. 2, vacuum switches
22a and 22b are setjin a changeover jswitch section 17a, and the vacuum
switches 22a and 2 are c §:cted DN,2 current limting resistor 21 in
series. Thereto ar€ connected 20 a taf)’ sel ector section 18 gsd a tap w ndi ng
20 in parallel. Fig. 3 illustrates a schematic structure of a resistor

type on-load tap changer as a swtch section. An insulating/caooling medium
19a is enclosed in a tank in a changeover switch section 17b. The sw tching
of contact points 25 _is attached between novable arc contacters 24 and fi xed
arc 10 - conCHaters BeHs The ot®Hs strudihls es of the changer are
substantially the sade structules as illustrated in Fig. 2. However, in the
changer GHg-uS} +ap ed( 8h—FDQ -—:X.Sia-r-@s)ﬂaﬁib-ecmenerat ed at the tine of the

swi t chi ng of the contact pgi ntg, 5 thergfore, the insulating/cooling medium

19a is requiéﬁgl L0 GHs CH, CH;

(6)

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

(7) The content by percentage of the synthetic polyol
ester is preferably from 5 to 30% by weight of the insulating
medium.

(8) Thekinematicviscositycoefficientof thesilicone

10 1liquid is 50 mm?’/s or less at 25°C.
. The invention will be described in detail by w;'-.\y 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_s roughly

15 composed of a changeover switch section 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-1load tap changer wherein a vacuum
switchwasusedas the changeover switchsectionl7. Aschematic
viewof the vacuum switch type on-load tap changer is illustrated

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



have arc resistance. Returning to Fig. 1, cooling pipes 9a and 9b are used
to circulate the insulating/ cooling medium®6 in the transfornmer. The

war med medium 6 is discharged fromthe upper portion of 10 the tank, and is
cooled with a cooler 8. The medium6 is passed in a pipe 9b positioned in
the lower portion of the tank, and ré@turned into the tank. An oil channel
15 is nade in the center of the iron core 2, and the cooled nmedium6 rises
up in this oil channel 15 while 15 the cooled nedium 6 cools the iron core

2 h i1 h di, 9. Th
useg ?ntsﬁﬁnﬁfﬂgcgoén%?ﬁga &E‘Ol{&a I‘ﬁ’% %ﬂél qff%}e I{ﬁ# (aé} OQ&;?OI”?‘O: rcr’lé’tler ;I'Se
m xed with (dissolved in) The m ester is preferably a hindered
type pol §BFeestEPut,FRER akank 1§;}hwhé§§fé‘éipﬁsmaibs(9ﬂ9awa Lidwiol and a

nonoval ent aliphatic acid and is excellent in thermal stability and
hydr ol ysinediumi 6tis cthar@ethpl Fheowinfdngs| ghedeach drnsdgwted motal@meopent yl
gl ycol, trinethyl ol propane, and pentaerythritol. Exanples of 25 the

nmonoval emhsalaphagi 6yathdetrnsl udkhdentc @dred ds Ry fhktendd,
hept anoi c acid, octanoic acid, 2-nethylbutanoic acid, 2-nethylpentanoic

aci d, ﬁita%iﬁaé bEfs A d&z ﬁstmw?&@ﬁ g:‘ﬁ'e‘a ohS &t@p%f d, and

3,5, 55tr| ne xan0| C aci ese ‘nay be used al one or I nation.

Fopr Qiehiéﬁé‘%ﬁ oF e FaBataps- 5 Sp1Te ta Reser R IO have 1

t he nol ecul e thereof at Ieast two ester groups. The formula (1) represents
a neopendpregithes)is ysedt@ Bt dey¥adr inte apdTiCGropma Edtemnatdyedys a
trimet hyl ol propane type pol yol

the LTC room is made into an air-tightly closed space, which

is shut out from the outside air, and further an inert gas (such

10 as nitrogen gas, SF¢ gas or CFi;I gas) is enclosed into the room
in order to prevent disasters.

‘When a vacuum switch 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 diagram When vacuum switches are used as
changeover switches is illustrated inFig. 2. InFig. 2, vacuum
switches 22a and 22b are set in a changeover switch section
17a, and the vacuum switches 22a and 22b are cohnected to a
current 1;|.m1ting resistor 21 in series. 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 enclosedhin a tank in a
changeover switch section 17b. The switdhing of contact points

25 is attached between movable arc contacters 24 and fixe'd arc



ester; the fornula (3) represents a pentaerythritol type polyol ester; and
the formula (4) represents a dipentaerythritol type polyol ester. These

pol yol esters may be used alone, or in the formof a mxture of two or nore
t hereof . The amount of 15 the polyol ester(s) in the insulating medium19 is
preferably 5% or nore by weight, none preferably 108 -or nore by weight. If
the amount is less than 5% by weight, a sufficient lubricity is not
obtained. Even if the anount is 30%or nore by weight, the lubricity is not
remar kablg/ roved. On glhe oi.lher hand, 20 the apount of the added pol yol
ester(s)® Igtag? a?o'i'y dhesp&her §§rBS§EFﬁFe°§| hBe FRENEBFLAELI on heat  of
the polyol ester is larger than that of the silicone liquid. Thus, the
anount cfubstentdadliyt thet same) strugituresadbyildystratedsinyFi@i ght, nore
preferably 20% or |ess by weight. 25 The silicone liquid is preferably

di met hylmowdveane inl the origaeiladstrated fior Ml (5) ares may be
nmet hyl phenyl silicone represented by the fornmula (6). As the i nsul ating

medi um are-éq ¥ PRYI fithé Je 28 tnN@on2att g It is
preferre tha e flash po?nt o%wieaclhlm#qﬂﬁe Si Iéone |I%|l-,l and t he
rthan 50C Is_all le to

bl Y8 i deded ° ch® alENAd ﬂag%@aﬁaﬁs Rgatin 5%?.%&.5%%?&%% i

t rappi ng agent, an antifoamer, a netal inactivating agent, or the like. In

each of &S TRF1Eanag -and Conpar ative Exanples 1 to 5, the insulating

medium 19 used in the tap selector section is showm in Table 1. 'i mY ¢
Returning to Fig. 1, cooling pipes 9a and 9b are used

tocirculate the insulating/coolingmediumé in the transformer.
The warmed medium 6 is discharged from the upper portion of

10 the tank, and 1s 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 medium 6 rises up in this 0il channel 15 while

15 the cooled medium 6 cools the iron core 2.

The tap selector section is filled with the insulating
medium 19. The used insulating medium 19 is a silicone liquid,
which a polyol ester 1s mixed with (dissolved in). The mixed
polyol e'ster 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
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acid, heptanoic acid, octanoic aéid, 2—methy1butanoiq.acid,
2-methylpentanoic acid, 2-methylhexanoic acid,
z-gthylhexanoic acid, isooctanoié acid, and
3,5,5-trimethylhexanoic acid. These may be used alone or in
5 combination.
In the invention, it is preferred to use one or more polyol
esters fepresented by the formulae (1), (2), (3) and/or (4),
: whicheachhaveinthemoleculethereofatleasttwoestergroups.
Theformula(l)representsaaneopentylglycoltypepolyolester;
10 the formula (2) represents a trimethylolpropane tybe polyol
: ester;théformula(3)represenﬂsapentaerythritoltypepolyol
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 weight, more preferably 10% or more by weight.
If the amount is less than 5% by weight, a sufficient lubricity
is.not obtained. Even if the amount is 30% or more by weight,
the lubricity is not remarkably improved. On the other hand,
20 the amount of the 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 weight.

25 The silicone liquid is preferably dimethylsilicone
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represented by the formula' (6). '
As the ihsulating medium 19, amediumhaving a flash point
higher than 250°C is used. 1It is preferred that the flash point
5 of each of the silicone liquid and the polyol ester(s) to be
fnixed is higher than 250°C.
Itisallowable toincorporate, into the insulatingmedium
‘19, an antioxidant, an acid trapping agent, an antifoamer, a
metal 1nactivating agent, or the like. In each of Examples
10 1 to 5 and Comparétive Examples 1 to 5, the insulating medium

19 used in the tap selector section is shown in Table 1.
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14 roEfi IVEE NONOKOKOkKk MUWURL UWU41 15 It is
understood that in each of Exanples 1 to 5, the insulating nmediumused in
the tap selector section had a flash point higher than 250C and a vol une
resistivity of 1.0 x 1013 Ccmor nor&sso as to have a sufficient insulating
property. 5 It is also understood that each of the insulating nedia had an
excellent lubricity. When a vacuum switch is used as the changeover swtch
section in the_tap_change t ppar at str Fi 1, any arc
and the cooli n#n@ﬁ 'Iﬁ’r‘r&%ﬁsﬁ%?d ﬁ&h?ﬁf TR ,%]eﬂl;' Qa)f ejreq? !9 vacuum
swtch has a_structure wherein an arc fronlthe changeover SMAtCh S

gener at edPFRIAIAGUIAIL R Hf@dt hB the tapseiecEosisqdielambadn® SAhath while no
arc is generated outside the vacuumvalve. Mreover, a silicone liquid is
preferabbpinsehiigherhmamsmoacia]gdcmo;ldmemdsumtemrtyseﬂ im0 3510kt tank for
receiving an induction device such as a transforner. However, a different

i nsul at i oghcep! hogeNBEi 481 t6 Utdvéisa NBUEF Ediemt |1n§@hﬁ3§1§'%ﬁ.‘bﬂﬁﬂ}pu9h t he
use is not preferred for incombustibility. In Conparative Exanples 1 and 2,

two di methyl gi 5i§8”&n939s£68&' QﬁaP +é‘19 St %'idsﬁﬁa"ﬂd{ﬁi nf‘eﬂii% "4y each

ot her were 1 nvest the 1 nsulating medium use ap sel ector
section. The d| ¥|i L I|qU|ds did not give a
an excell ubr

When a vacuum. switch is used as the changeoverk switch
section 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 kis generated in a vacuum inside the
vacuum valve of the vacuum switch while no arc is generated
outside the vacuum valve. Moreover, a silicone liquid is
preferably used as the insulating/cooling medium enclosed in
15 thetankforreceivinganinductiondevicesuchasaizansformer;
However, adifferent insulating/coolingmedium, suchasmineral
0il, may be used although the use is not preferred for
incombustibility.
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 seiector
section. The dimethylsilicone liquids d4id not give a

sufficient lubricity although the 1iquids each had a flash point

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

25 or more at 80°C.



sufficient lubricity although the |liquids each had a flash point higher
than 250C and a volune resistivity of 1.0 x 1013 CGm 25 or nore at 80C. 16
I n Conparative Exanples 3 and 4, investigated were nethyl ricinoleate, which
is a linear aliphatic acid ester represented by a formula (7) illustrated
bel ow, and an aliphatic acid ester gf glycerin represented by a fornula (8)
illustrated below. 5 Each of the esters was incorporated in an anmount of 5%
by weight of the whole of the insulating nedium However, nethyl
ricinoleate was dissolved in only an anount of 2% by weight. The entire
amount (5% byIW\épgﬁﬁfaﬁﬂ-V?ﬁ'é‘aéﬂRl;ﬂﬁafﬁla@da‘a én¥§§§ﬁ-gat9ﬂ"§ﬁ%@ﬁthﬂms not

di ssol ved, either. Each of nethyl to ricinoleate and the aliphatic acid
ester ofigilyc]aeatermhﬁ.ehem ad inear &k ploai ikt aci8)esicer neprdsentdbded up to 5%
by weight in the insulating nediummade mainly of the silicone Iiquid, and

a suffyp 'aef‘érlhﬁi’é éeﬁ)t 111\@§t£9i:e@13e51'd3ﬁdan§13n Qt@%hé&@ aciad eSer- CH CH =
CH - ( 't 0 (7) CHe- CHOGR4 0 CH2-0-CR5

car bon 3F %—’fé%% Fepiledited faﬁf%us“l%? <§'>5§é&§%n9§%t ﬁvbé%ﬁﬂ%ﬁﬁ oad
tap changglrl oafstllula legssil:terrastv?gs I1rlllc|§>lr or%:lte%rfn Iasn gﬁ/r?gto%dsf% by weight
of the whole of the insulating medium. However, methyl
ricinoleate was dissolved in only an ambunt of 2% by weight.
The entire amount (5% by weight) of the aliphatic acid ester
of glycerin was not dissolved, either. Each of methyl
10 ricinoleateandthealiphaticacidester of glycerinrepresented
by the formula (8) was not dissolved up to 5% by welight in the

insulating medium made mainly of the silicone liquid, and a

sufficient lubricity was not obtained.

OH
i
CHj— (CHz )5 ~ CH~CHy ~CH=CH- (CH,), ~C~0~-CH;
It
0 (7)
CH;~0~-C-R3
| 0
GH~0-%~R4
| o
CHg—O—('.?—RS
15 : : 0 (8)
wherein R3, R4 and R5 are each an alkyl group having one or
more carbon atoms.

As described above, by use of a vacuum switch as an on-load

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




17 being radiated in a nediumtherein, thereby making it possible to nake
t he changer inconbustible. Furthernore, by filling, as an insulating nmedi um
inits tap selector section, a silicone liquid into which one or nore

synt hetic pol yol esters represented 5 by the fornmulae (1) , (2), (3) and/or
(4), wherein Rl represents hydrogen ov 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, are incorporated, the insulating property and the sliding
characterlstlc required for the t sel ect or sectlo are_ 10 sat sfled SO
that t he P TRRbrtan A Bmediim ihessd i (pherah dhar i 1E e

Exanples 6 to 9: In each of Exa es 6 to 9, in the on-load ta changer

at t ached tor Bakeothe changar incompmisdible -onBuskhapmeres brefikbingwention, a
resistor type on-load tap changer using a current limting resistor was used
as the chsnaednsulstingmediamdm itg.tafhselestor@edbimm 0a-dikbikcdmgp changer
Is schematically illustrated in Fig. 3. In the resistor type on-load tap

changer, 11@%1ﬁ“ﬁ+ﬂﬁhf&aﬁéb¥ﬂé‘1%‘syﬁtﬂé€ﬂcbal Be IR SFeSERE&EA Section

20 17. In each of Exanples 6 to 9, a polyol er oil was used as an

nocng 14y Bt etblelr LERA ﬁ%&mnf%@r%?e@%‘: i B g et um

used in the changeover switch section is shown in Table 3. 25 --1 C U .i
Nroro pgdgogen 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 satisfiedsothatthefireretardanqyoftheon—loadtapchangef
can be improved. |
Examples 6vto 9:
In each of Examples 6 to 9, in the on-load tap changer
attached transformer in Fig. 1, which is one example of the
15 invention, 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. Intheresistortypeon-load tapchanger,
an insulatingmedium 19a is used in 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 1is shown in Table 3.

25
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cCoOoo0o0 m.i Cm.l O CO mVN..4 wOH W++ 0 9uOOF +y1 O y o mnOOu O
cOQl m'do0O c~~~x~ 1 On 14 mO OH .l XFti wli>.i 10 mw+ E mSS AD
HAMOw>NAMOwmw> ,CAmO++> ml+ 4] 41 a g AFAgOb A.4 m3 a3 a
O)gtmHNe~UUNe) UAIL No) U I NoeJd +1 mD NYom m'h NYLON
Omk NN yHwwN.i wwN"I wy Nd.i w,NNCgps .i p AA+ mA D +i
MmA'A O09w4 ANOOO WY +~pi OmAWYV .pi 0O mA4+ mO t!We.e CC
Omee 0 SOWOSOOWeEWNHD .~ >ES-. d W>EWWOti>ENP. N
)o N m ON g Haaa t 19 Table 3 Insulating Viscosity Volune Flash point
medi um i R2PHh& @me/s) of resistivity of the changeover the (0-cm of
i nsul at {ng Insulating Viscosity | Volume Flash point
medium in the (mm?/s) of | resistivity | of the
changeover the (Q-cm) of insulating
switch section insulatin | the medium (°C)
g medium | insulating
at 40 °C medium at
80°C
Example 6 | Mixed: 68.1 4.8x10%3 250<
branched-chain '
aliphatic esters
A of
pentaerythritol
type
Example 7 |Mixed 30.2 1.0x10 250<
branched-chain
aliphatic esters
C of
pentaerythritol
type '
Example 8 | Mixed 68.1 4.8x%x10%3 250<
branched-chain ‘
aliphatic esters
A of
pentaerythritol
type
Example 9 | Mixed 30.2 1.0x10* 250<
branched-chain
aliphatic esters
C of
pentaerythritol
type

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 sufficient insulating property.
It is also understood that each of the insulating media had

an excellent lubricity.
It is also‘understood that in each of the same examples,

10 the insulating medium used in the changeover switch section



switch section insulatin the medium (C) g nmediuminsulating at 40 C medi um
at 80C Exanple 6 M xed 68.1 4.8x1013 250< branched-chain aliphatic esters
Aof pentaerythritol type Exanple 7 M xed 30.2 1.0x10" 250< branched-chain
al i phatic esters C of pentaerythritol type Exanple 8 M xed 68.1 4.8x1013
250< Dbranched-chain aliphatic esterpgy A of pentaerythritol type Exanple 9
M xed 30.2 1. Ox1014 250< branched-chain allphatlc esters C of
pentaerythritol type It is understood that in each of Exanples 6 to 9, the
i nsulating nmediumused in the tap selector section had a flash 5 point

hi gher hadra Bash pednt hdoher thans25Q7G ynef alvolumeorgsistivity

of 1.0 x 10 Ocm or more so as to have a sufficient insulating
propefty.
Example 10 and Comparative Examples 5 to 9:

5 The flammability 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

' generation rate (kW/m?)
Example 10 Dimethylsilicone 242

liquid/mixed
branched-chain
aliphatic acid esters A
of pentaerythritol
type =90wt%/10wt$
Comparative Example 5 | Mineral oil 1410

Comparative Example 6 | Dimethylsilicone 230
liquid |

Viscosity: 20 mm?’/s at
) 25°C .
Comparative Example 7 | Dimethylsilicone 203
liquid

Viscos1ty 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 i1s understood that the maximum heat generation rate

of synthetic polyol esters is lower than that of mineral oil




Ocmor nore so as to have a sufficient insulating property. It is also
understood that each of the insulating nmedia had an excellent lubricity. It
is al so understood that in each of the same exanples, 10 the insulating
medi um used in the changeover switch section 20 had a flash point higher
than 250C and a volune resistivity of11.0 x 1013 Gcmor nore so as to have
a sufficient insulating property. Exanple 10 and Conparative Exanples 5 to
9: 5 The flammability of insulating nedia was eval uated by a cone

Che i nou ) Hendiemaly BpArcOefEatsfa rats dtd hieone b b Fda farc vas.

nmeasured. The neasured results are shown in Table 4. 10 Table 4 Insul ating
nmedi um M&VERUAOWER: generation rate (kWnR) Exanple 10 Dinethylsilicone
242 |iquid/ m xed branched-chain aliphatic acid esters A of
pent aeryt hri t oThet ypsui®OwnbiaioetdiSbgompasatring EhenmazibuM headl oil 1410
Conparative Exanple 6 Dinethylsilicone 230 liquid . Viscosity: 20 nmm2/s at
25C Conpyedleira® iharalte 6fDamslylditlef Wwhedeqn’®d xeld Bathched-chain
5 aliphatic acid esters C of pentaerythritol type were added to
a dimethyl silicone 1iquid so as to set the amount of the esters
C to 10% by weight is also shown as an example in Table 4. It
is understood that the maximum heat generation rate is very
small, on which the fire retardancy of the dimethyl silicone
10 'liquid is reflected.
ThemaximumheatgenerationrateofsynthetiCpolyolester
would hardly be varied in accordance with the species thereof;
therefore, the maxbimum heat generation rate of a system wherein
synthetic polyol ester is added to the silicone liquid would
15 not be la:gely varied frem the values in Table 4.
As described above, by £filling, as an insulating medium
in a tap selector section as illustrated in Fig. 1, a silicone
liquid having a fire point higher than 250°C into which one
or more synthetic polyol esters represented by the formulae
20 (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

25 satisfied so that the fire retardancy of the on-1load tap changer



Viscosity: 50 m2/s at 25C Conparative Exanple 8 M xed branched-chain 770
aliphatic acid esters A of pentaerythritol type Conparative Exanple 9 M xed
branched-chain 744 aliphatic acid esters C of pentaerythritol type It is
understood that the nmaxi mum heat generation rate of synthetic polyol esters
is lower than that of mneral oil 2135 and the maxi num heat generation rate
of silicone liquids is even |lower. The result obtained by neasuring the
maxi num heat generation rate of a system wherein m xed branched-chain 5

al i phatic acid esters C of pentaerythritol type were added to a dinethyl
sili con€an kg dmpsoxyedto set the anount of the esters Cto 10% by weight is
al so shown as an exanple in Table 4. It 1is understood that the nmaxi mum heat
generati on rafThei $nvenyionsmbsl concerhedhwitle &ire retardancy of the di nethyl
silicone 10 liquid is reflected. The maxi num heat generation rate of

synt het isg 18@Ch 168 AL conerhid1igr et Pendayl edaubtaeachgpasatst h the
species thereof; ‘theref ore, the maxi num heat generation rate of a system

spec . e mx neration rate of a syste
ot be MEINE G o pRCABRR B BhobBef RS dheling el filole TAMELL" 1)

filling, as an insulatin dium_in a tap sel ector section as ,illustrated
n F7g. a8 an 5eulagBs/ FPQIIBSRA N « 2Pl LESTRANEGRST WIRFPVADSC | nt o
whi ch one

the fire retardancy, 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-liquid-containing transformer.

10




or nore synthetic polyol esters represented by the formulae 20 (1), (2), (3)
and/or (4), 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, are incorporated, the insulating property and the sliding
characteristic required for the tap s@Bector Section are 25 satisfied so
that the fire retardancy of the on-load tap changer 22 can be inproved. The
invention is concerned with a silicon-Iiquid-containing stationary

i nduct i on,appar at us i gh, has a on-load tap changer and contains a silicone
li quid SQ@?RQ&%|€$ﬂ¥ﬁ$¥dﬁ%ooling medi um and a technique for inproving the
fire retardancy, 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-liquid-containing transforner. 10 23
What is dl.ai mredni sn-1oadn tap- chadgeap atitached sttaddloadryt dindwcddyn nduct i on
apparatus, conprising a tank, an electromagnetic induction 5 device, which
i s pl acedppad@idis! cHniptidingld GanksUlad idlectoriagie iy i it tfiloish poi nt

hi gher than 250C, in the tank, and an on-load tap changer for adjusting the

vol t age aof oG | I hce, & -lpad tap
changgr %ggﬁggkhgﬁgg%éggpga%%%ﬁ" %%Egﬂ%gﬁhgﬂéﬁh%h]tégJg%pg%¥§¥ﬂgékfion, and
the follow ng nedium is used as an insulatingenediqn1at | east for the tap

sel ect or Mategiadnhayingyd jtash BAIOE hdghes; theBmsS? i Guil® KRG Bank: 11 ash

poi nt hi gher than 250C i s di ssolved a synthetic polyol- ester
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
10 section and a tap selector section, and the following medium
is used as an insulating medium at least for the tap selector
section: a medium in which in a silicone 1liquid having a flas_.h
point higher than 250°C is dissolved a synthetic polyol,ester
having a flash point higher than 250°C in a proportion of 5

15 to 30% by weight of the insulating medium.

2. - An on-load tap changer attached stationary induction

apparatus, comprising a tank, an electromagnetic induction

device, which is placed, together with a 11qﬁ1d insulating

20 material having a flash point higher than 250°C, in the taﬁk,

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 medium

25 1s used as an insulating medium at least for the tap selector



having a flash point higher than 250C in a proportion of 5 15 to 308 by

wei ght of the insulating nmedium 2. An on-|load tap changer attached
stationary induction apparatus, conprising a tank, an el ectromagnetic

i nduction device, which is placed, together with a liquid insulating 20
material having a flash point higherz24 han 250C, in the tank, and an on-Ioad
tap changer for adjusfing the voltage of the electromagnetic induction

devi ce, wherein the on-load tap changer has a changeover switch section and
atap selector section, and the follow.ng nedium 25 is used as

an
i nsul at FAGtHRAF (AMeAl vanin which Aa ?aﬁ?-@é?% diqpid having® £4asBdi umin
which in a silicone liquid having a flash point higher than 250C are

di ssol vpdintéhighemwithaned 50 Ceairé ddms oilive dgone prcmase e I tdd €yomhet i ¢
pol yol esters represented by the following fornulae (1) , (2), (3) and (4)

in a prenergteip conshst ng Wb yynmiedhilc ollylea eetalrsokephesentedat i ng
nmedi um (Rl- CH2) 2C(CH2- O( CO) - R2) 2 (1) RI1-CH2-C(CH2-0(CO-R2)3 (2)

C( CHz- Ang( 2) (4) 10
wher 61 nPRENLEoL1gMnS f%ﬂ‘y A A ‘“@W%ﬁp R i S R
at ons, d r nor e al rou hav 5 tqQ 12 carbon
at orb. 99 Fhke % OW% 8’3 j‘ﬁg&hagg@ et 3 gix?tg‘%@u@?fi&ﬁm 15
apparatus according to claiml1l, wherein the changeover switching sectionis
a vacuum swi t Ghl-GH2 )36 CHe=0 (2R) tRb)changer attached stati oddrdy induction
apparatus according to claim1l, wherein the silicone liquid 20 is one or
nor e sel ect eCRI-FCCH‘Q—td’(GI-EFO(IQOQ:G)Rsbsti ng of silicones repredanted by the
following fornulae (5) and (6):
C(CH,-0(CO)-R2), - (3)
(R2-(CO)0O-CH;)3C-CH,-0-CH,;-C(CH,-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 havihg

5 to 12 carbon atoms.

3. The on-load tap changer attached stationary induction
15 apparatus accordingtoclaiml, wherein the changeover switching

section is a vacuum switch.

4. The on-~load tap changer attached stationary induction
apparatus according to claim 1, wherein the silicone liquid
20 1s one or more selected from the group consisting of silicones

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

CHs CH;  CHs
i | |
CHy~ Si ~ 0 - (Si— 0),~ Si— CHs
| i )
CH;  CHj CHy
(5)




CH3 CH3 OH3 CH3-Si-O(Si-O"-Si-0H3 |1 I 1 CH3 CH3 CH3 (5) 25 CH3 C5H5 OH3
CH3 I I . I I CH3-Si-0-(Si-00Q(Si-00QSi -CH3 | | CH3 C@S CH3 CH3 (6)
wherein n, p and q are each an integer of 1 or nore. 5. The on-load tap
changer attached stationary induction 5 apparatus according to claima1,
wherein the silicone liquid is a sil2gon |liquid having a kinematic
viscosity coefficient of 50 nmmR2/s or less at 25C. 6. An on-load tap changer
attached stationary induction 10 apparatus, conprising a tank, an

el ectromagnetic induction device, which is placed, together with an

I nsul ati ng nat % he t anfiH, and argigp- | oad tap changer which has a
changeover W t h sectlon and .a; tap sel egtor section in order to adjust
the volta of th gnet §e_igguctgion vi ce, 15 wherein the
changeove&ﬁéwﬁch f% qﬁ? e(tSacu(flu v%t Cﬁ.? and the following is

encl osed, as ah |nsulat|ng medi utn for the tap sel ector section, in the
on-1oad tap cHaHger: aCslil§ i cone HBQUId Hading a flash point hlgher t han
250C wherein a synthetic polyol ester having a flash pbéht hi gher than 250C
is dissolved. 20

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

5. The on-load tap changer attached stationary induction
5 apparatus according to claim 1, wherein the silicone liquid
is a silicon 1liquid having a kinematic viscosity coefficient

of 50 mm?/s or less at 25°C.

6. An on-load tap changer attached stationary induction

10 apparatus, comprising a tank, an electromagnetic 1ndu¢tion
device, which is placed, together with an insulating material,
in the tank, and an on-load tap changer which has a changeover
switch section and a tap selector section in order to adjust
the voltage of the electromagnetic induction device,

15 wherein the changeover switch sectionhas a vacuumswitch,
and the following is enclosed, as an insulating medium for the
tap selector section, in the on-load tap changer: a silicone
liquid having avf lash point higher than 250°C wherein a synthetic
polyol estei‘ having a flash point higher than 250°C is dissolved.

20





