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I NVENTION [Field of the Invention] The present invention relates to a
deterioration diagnosis device and nethod for insulating/cooling silicone
fluid used for an electrical apparatuses. 10 [Prior Art] Conventionally,
insulating oils such as mneral oils have been used as insul ating/cooling
medi um for electrical apparatuses such as transforners. Wen a flane
retardant silicone fluid is used, insteag -15 of such mneral oils, as

I nsul ating/cooling nediumof a transforner, the fire resistance of the
transforner can be inproved, and as a result, its operating tenperature can

al so be i neFEaFedrF s aNENTION N0 downsi zing of an el ectrical apparatus
using the transforner. 20 However, when silicone fluid is used as
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t he apparatus at a tenperature higher than conventionally used
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are produce y thernal 25 degradation of the silicone fluid. -2-

5 BACKGROUND OF THE INVENTION

[Fleld of the Invention]

The present invention relates to a deterioration
diagnosis device and method for insulating/cooling silicone
fluid used for an electrical apparatuses.

10 [Prior Art]

Conventionally, insulating oils such as mineral oils
have been used as insulating/coo0ling medium for electrical
apparatuses such as transformers.

When a flame retardant silicone fluid is used, instead

15 of such mineral oils, as insulating/cooling medium of a
transformer, the fire resistance of the transformer can be
improved, and as a result, its operating temperature can
also be increased, thereby allowing downsizing of an
electrical apparatus using the transformer.

20 However, when silicone fluid is used as
insulating/cooling medium of an electrical apparatus in
order to operate the apparatus at a temperature higher than
conventionally used temperatures, low-molecular-weight and
low-beliling decomposition products are produced by thermal

25 degradation of the silicone fluid.



Generation of a |arge anobunt of such deconposition products in silicone
fluid presents a probl em because they |ower the flash tenperature
(hereinafter referred to as "flash point") of the fluid and therefore
render the 5 silicone fluid nore likely to be inflaned. The generation of

t he deconposition products increases with increasing operating tenperature
of the electrical apparatus. Japanese Patent Application Laid-open
Publication No. Hei 10 (1998)-332682 discloses a technol ogy which eval uates
10 the deterioration |evel of an electrigally insulating oil used in an oi
containing electrical apparatus by heating the oil and neasuring the

chem | um nescence intensity thereof. Japanese Patent Application Laid-open

Publ i cation No.gederd€ion é£9911argd 28RodhECoPSEER 4ECHRPLEBYiILA Whi ch

mul ti pl e gas detectors are di sposed at upper portions of a tank of an oi
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the tank is configured I n a manner that released 1 nflanmabl e gases are
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of the decomposition products increases with increasing
operating temperature of the electrical apparatus.
Japanese Patent Application Laid-open Publication No.
Hei 10 (1998)-332682 discloses a technology which evaluates
10 the deterioration level of an electrically insulating oil
used in an oil containing electrical apparatus by heating
the 0il and measuring the chemiluminescence intensity
thereof.
Japanese Patent Application Laid-open Publication No.
15 Hel 3 (1991)-187206 discloses a technology in which
multiple gas detectors are disposed at upper portions of a
tank of an 0il containing electrical apparatus such as a
transformer and a reactor, and the tank is configured in
such a manner that released inflammable gases are
20 efficiently introduced into the gas detectors, thereby
ensuring detection of any abnormality such as a dielectric
breakdown and local heating of the electrical apparatus.
Japanese Patent Application Laid-open Publication No.
Sho 59 (1984})-176683 discloses a technology which measures

25 silicone fluid to obtain its thermogravimetric curve and



solve the curve for the thernogravinetric index, TA (C), and determ nes
that the silicone fluid has deteriorated when the index falls below a
certain value (325C). Japanese Patent Application Laid-open Publication No.
5 Sho 54 (1979)-114290 di scloses a technol ogy which anal yzes gaseous
conponents released froman insulating oil contained in an electrical
apparatus by causing the insulating oil to bubble at roomtenperature and
extracting the gaseous conponents in the silicone fluid into the vapor 10
phase portion. Patent Docunent 1: Japanege-Patent Application Laid- open
Publication No. Hei 10 (1998)-332682 Patent Docunent 2: Japanese Patent
Application Laid- open Publication No. Hei 3 (1991)-187206 15 Patent

Docunent _3: s JARANERE BREAD! £ APPERE RO GEAy1RPERL FUPAER! | B Nc)ShO 59
(1984) - 17668 atent Docunent 4: Japanese Pat ent Application Laid- open
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5 Sho 54 (1979)-114290 discloses a technology which analyzes
gaseous components released from an insulating oil
contained in an electrical apparatus by causing the
insulating oil to bubble at room temperature and extracting
the gaseous components in the silicone fluid into the wvapor
10 phase portion.
Patent Document 1: Japanese Patent Application Laid-
open Publication No. Hei 10 (1998)-332682
Patent Document 2: Japanese Patent Application Laid-
open Publication No. Hei 3 (1991)-187206
15 Patent Document 3: Japanese Patent Application Laid-
open Publication No. Sho 59 (1984)-176683

Patent Document 4: Japanese Patent Application Laid-

open Publication No. Sho 54 (1979)-114290

20 SUMMARY OF THE INVENTION
When a silicone fluid deteriorates, it produces
polymers, (primarily trimers, tetramers and pentamers) of
cyclic compounds. It is known that the production of
polymers of cyclic compounds increases with the progress of

25 deterioration. Such trimers, tetramers and pentamers have a



when there is no deterioration, the silicone fluid contains alnost no

pol ynmers of cyclic conpounds. It should be added that such deterioration

al so 5 produces | ow nol ecul ar-wei ght chai n conpounds. However, such

| ow- nol ecul ar - wei ght chai n conmpounds exi st even initially when any
deterioration has not progressed. Therefore, sone anount of

| ow- nol ecul ar-wei ght chain conpounds evaporates even initially. 10 The
above-nmenti oned Japanese Patent Application Laid- open Publication No. Sho
59 (1984)-176683 sanples a certain anougt_of silicone fluid and heats it at
a constant heating rate to evaporate |ow nol ecul ar-wei ght conpounds
therein, and then obtains a deterioration index from heating 15

tenperatur eg%@tbdﬂﬁrg tﬁttgim?i &Y sadecrieasse dve Kb PARNEL 20 1% ti@3ARCH i vel y.

However, su a net hod cks accuracy because silicone fluid contains
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wei ght decrease or evaporated anount thereof by heating cannot 20

accuratel y Jaid&ctnd whd % ¢ Wyl b aslhfdiilas L he tenperature at which

t he wei ght ecreases by 20 %1s ds high as 350 - 370C;, however, at such
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deconposed into [ ower-nol ecul ar conpounds, ch can adversely affect
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such low-molecular-weight chain compounds exist even
initially when any deterioration has not progressed.
Therefore, some amount of low-molecular-weight chain
compounds evaporates even initially.

10 The above-mentioned Japanese Patent Application Laid-
open Publication No. Sho 59 (1984)-176683 samples a certain
amount of silicone fluid and heats it at a constant heating
rate to evaporate low-molecular-weight compounds therein,
and then obtains a deterioration index from heating

15 temperatures at which the weights decrease by 10 % and 20 %
respectively. However, such a method lacks accuracy because
silicone fluid contains low-molecular-weight linear
compounds even before use, and therefore the weight
decrease or evaporated amount thereof by heating cannot

20 accurately reflect a deterioration.

In addition, the temperature at which the weight
decreases by 20 % is as high as 350 - 370°C; however, at
such high temperatures, undeteriorated silicone fluid 1is
dalso thermally decomposed into lower-molecular compounds,

25 which can adversely affect the accuracy of the



The inventors have devel oped the present invention on the basis of
experinental confirmation that | ow nol ecul ar- wei ght polyners of cyclic
conmpounds contained in silicone 5 fluid can be utilized as an index of
thermal deterioration. That is, quantitative analysis of such polyners of
cyclic compounds contained in silicone fluid allows accurate detection of a
silicone fluid deterioration. Mjor conponents of |ow nol ecul ar-wei ght and

| ow- 10 boiling deconposition products generated by thermal degradation of
silicone fluid are cyclic conpounds havi pg- the sanme general chem cal
formula as the silicone fluid. Therefore, it is difficult to analyze a

| i qui d phase sanple of silicone fluid and selectively determ ne the
quantity ofgd@etisrdecsHmPsishsyd i ¢ conpounds therein. An object of the
present invention is to provide a deterioration diagnosis device and net hod

for silicone fiwkdinsethdrs REvE B5VE1SHEG HPRET BESen € 2DRPLEL Dby GCUrat el y

and sinply diagnosing deterioration of such 20 silicone fluid. The present

i nvention ptft?é’i:tgfsﬁé‘ Seterior ald a1 datnashax 45y Gfaf Clowlnd @1 1 d used

for an electri apparatus conprising: an electrical apparatus, a tank for
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collecfion £ Py f@n be utilized as an index of thermal deterioration.

That is, quantitative analysis of such polymers of
cyclic compounds contained in silicone fluid allows
accurate detection of a silicone fluid deterioration.

Major components of low-molecular-weight and low-

10 boiling decomposition products generated by thermal
degradation of silicone fluid are cyclic cempounds having
the same general chemical formula as the silicone fluid.
Therefore, it is difficult to analyze a liquid phase sample
of gilicone fluid and selectively determine the quantity of

i5 the decomposed cyclic compounds therein.

An object of the present invention is to provide a
deterioration diagnosis device and method for silicone
fluid used for an electrical apparatus, capable of
accurately and simply diagnosing deterioration of such

20 silicone fluid.

The present invention provides a deterioration
diagnosis device for silicone fluid used for an electrical
apparatus comprising: an electrical apparatus, a tank for
containing the electrical apparatus thereinside, silicone

25 fluid reserved in the tank and for insulating and/or



collecting part of the silicone fluid into an exterior of the tank, a
gaseous conponent sanpling chanber for heating the silicone fluid collected
through the collection pipe in 5 order to evaporate a cyclic conpound
contained therein, a gas analyzer for quantitatively analyzing the cyclic
conpound evaporated at the gaseous conponent sanpling chanber, a

determ nation unit for diagnosing the deterioration status of the silicone
fluid on the basis of 10 the analysis of the cyclic conpound anal yzed at the
gas analyzer; and a display for displaygng the analysis of the cyclic
conpound anal yzed at the gas anal yzer and/or the deterioration status of
the silicone fluid diagnosed at the determnation unit. 15 The present

i nvention HorA iRfg? Whee B 12 c3311Ra10 apipada tud , 28N @13 R R figfe Fdr cone fluid
used for an electrical apparatus conprising the steps of: collecting part

of the sildaarethiny $art dft abe MiiChnes FIRSY et d ¥n idddhildMgs and/ or
cooling an electrical "apparatus contained in the 20 tank reserved in a tank
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into a gaseous conponént sanpling chanber through a collection pipé€,
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conpound contained therein, quantitatively 25 analyzing the evaporated
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gas analyzer for quantitatively analyzing the cyclic
compound evaporated at the gaseocus component sampling
chamber, a determination unit for dlagnosing the
deterioration status of the silicone fluid on the basis of

10 the analysis of the cyclic compound analyvzed at the gas
analyzer; and a display for displaying the analysis of the
cyclic compound analyzed at the gas analyzer and/or the
deterioration status cof the silicone fluid diagnosed at the
determination unit.

15 The present invention also provides a deterioration
diagnosis method for silicone fluid used for an electrical
apparatus comprising the steps of: collecting part of the
silicdne fluid in a tank, which is reserved for insulating
and/or cooling an electrical apparatus contained in the

20 tank reserved in a tank for insulating and/or cooling an
electrical apparatus contained in the tank into a gaseous
component sampling chamber through a collection pipe,
heating the collected silicone fluid in order to evaporate

a cyclic compound contained therein, quantitatively

25 analyzing the evaporated cyclic compound, determining the



the anal ysis of the cyclic conpound, and displaying the analysis of the
cyclic conmpound and/or the deterioration status of the silicone fluid. 5
Accordingly, the present invention provides a deterioration diagnosis
device and nethod for silicone fluid used for an electrical apparatus, in
which the quantity of | ow nolecul ar-weight and | owboiling cyclic

conpounds produced by thernmal degradation of the silicone 10 fluid can be
efficiently and sinply determ ned on site, thereby enabling an accurate and
si npl e di agnosis of such silicone flui-d7 BRI EF DESCRI PTI ON OF THE DRAW NGS
15 Fig. 1 is a schematic viewillustrating a configuration of a
deterioration diagnosis device for insulating/cooling silicone fluid used

for a silicqagefiokdt Lontstaiwg of ransf S{IBEod SluEdhedli featb&é1s her present
invention. Fig. 2 is characteristic curves illustrating 20 rel ationships

bet ween heaghdtad LIPSt eehdfcPdlie Bémpdlnd d &idl dhepidpikg stwengt hs of
polymers of cyclic conpounds contained in the silicone fluid. Fig. 3

schemati cal dyaiyd 19t 6 £t BFe ScPEIH ¢ Qb omSo@ed &id/éf‘&l@@t@ét@fﬂt&ﬂ&h agnosi s
devi ce of the enbodi ment shown 25 in Fig. 1. Fig. 4 is a schematic

view il | ustggd g @fcgﬁg|§&mf@¢ﬂglffﬁl@ideterloratlon di agnosi s device for
I nsul ating/ cooling
5 Accordingly, the present invention provides a
deterioration diagnosis device and method for silicone
fluid used for an electrical apparatus, in which the
gquantity of low-molecular-weight and low-boiling cyclic
compounds produced by thermal degradation of the silicone
10 fluid can be efficiently and simply determined on site,

thereby enabling an accurate and simple diagnosis of such

silicone fluid.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a schematic view illustrating a configuration
of a deterioration diagnosis device for insulating/cooling
silicone fluid used for a silicone fluid containing
transformer of an embodiment of the present invention.
Fig. 2 is characteristic curves illustrating
20 relationships between heating temperatures of silicone
fluid and the ionic strengths of polymers of cyclic
compounds contained in the silicone fluid.
Fig. 3 schematically illustrates a monitor screen of
the deterioration diagnosis device of the embodiment shown

25 in Fig. 1.



silicone fluid used for a silicone fluid containing transfornmer of another
enbodi nent of the present invention. 5 Fig. 5 is a schematic view
illustrating a configuration of a deterioration diagnosis device for

i nsulating/cooling silicone fluid used for a silicone fluid containing
transfornmer of other enbodi nent of the present invention, which circul ates
the silicone fluid through the diagnosis 10 device. Fig. 6 is
characteristic curves showing the results of accelerated tests for the
thermal deterioration of silicone fluidg 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The deterioration diagnosis device and nmethod for

I nsul ating/cooling silicone fluid used for a silicone fluid containing

transformer as gy el £oid | £ACHRNAA Wl & 1ﬂfﬁ§¥5&@ﬂﬁf fcdlies JiESefin

i nvention mnll now be described 20 with reference to the acconpanylng
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fluid contal ning transforner as
5 Fig. 5 is a schematic view illustrating a configuration

of a deterioration diagnosis device for insulating/cooling
silicone fluid used for a silicone fluid containing
transformer of other embodiment of the present invention,
which circulates the silicone fluid through the diagnosis
10 device.
Fig. 6 is characteristic curves showing the results of
accelerated tests for the thermal deterioration of silicone

fluid.

15 DETAILED DESCRIPTION OF THE INVENTION
The deterioration diagnosis device and method for
insulating/cooling silicone fluid used for a silicone fluid
containing transformer as an electrical apparatus of
embodiments of the present invention will now be described
20 with reference to the accompanying drawings.
[Embodiment 1]
A configqguration of a silicone fluid containing
transformer is described as an example of a silicone fluid
containing electrical apparatus according to an embodiment

25 of the present invention.



el ectrical apparatus according to an enbodi nent of the 5 present invention,
whi ch includes: a tank 1; an iron core 2 disposed inside the tank 1; inner
and outer windings 3 and 4 around the iron core 2; and an insul ating
cylinder 5. The tank 1 contains within it: silicone fluid 6 for insulating
and cooling the iron core 2 and the inner and 10 outer w ndings 3 and 4;
and nitrogen gas 7 above the silicone fluid 6. Qutside the tank 1 is pl aced
a cooler 8 for cooling the insulating/cooling silicone fluid 6 reserved in
the tank 1, and they are connected to-egch other by means of 15 circul ation
pi pes 9a and 9b respectively disposed at upper and |lower portions thereof.
The insul ating/cooling silicone fluid 6 reserved in the tank 1 is a polyner

of ‘an organosi | £on £oPPydieh-afes @ SonELGRPMOLLNYE NY §EEEL£8LaBibNCT Ur e
(1) or (2) shown Delow. 20 The conmpounds having respective chem cal

structures dfagl?eﬁdls (%vié@tfbﬁfimm%g&/uc;@ﬁ | JTES1 P Séhe& 118k Siddgone

oil, are basically the same. They may al'one or as a mxture, but
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electrical apparatus according to an embodiment of the
5 present invention, which includes: a tank 1; an iron core 2
disposed inslide the tank 1l; inner and outer windings 3 and
4 arcund the iron core 2; and an insulating cylinder 5.

The tank 1 contains within jt: silicone fluid 6 for

insulating and cooling the ircen core 2 and the inner and
10 outer windings 3 and 4; and nitrogen gas 7 above the
silicone fluid 6.

Outside the tank 1 is placed a cocoler 8 for ccecling the
insulating/cocling silicone fluid 6 reserved in the tank 1,
and they are connected to each other by means of

15 ¢irculation pipes 9a and 9b respectively disposed at upper
and lower portions thereof,.

The insulating/cooling silicone fluid 6 reserved in the
tank 1 is a polymer of an organosilicon compound, a chain
compound having chemical structure (1) or (2) shown below.

20 The compounds having respective chemical structures (1} and
{2), both of which are sometimes also called silicone oil,
are basically the same. They may be used alone or as a
mixture, but dimethyl silicone fluid having chemical
structure (1) is preferred.
25 CH, CH; CH,
CHg-ér-O-(éP-O){-é%—GHa - (1)
I
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 CH, CHy CH,



- 10 B CBHB CH3 CH3 | 1 11 CH3-SIi-O(Si-OP- (Si-Og-Si -CH3 . (2) 11
| 5 CH3 C5H5 CH3 CH3 Functionally, the insulating/cooling silicone fluid 6
reserved in the tank 1 is withdrawn, as indicated by the arrowin the
figure, frominside of the tank 1 through the wupper circulation pipe 9a
into inside of the cooler 8 where 10 it is cooled, and then it is returned
fromthe cooler 8 through the Iower circulation pipe 9b into inside of the
tank 1, where it withdraws Joul e's heat generated in the iron core 2 and
the inner and outer windings 3 and 4 to 1¢cool them 15 The iron core 2 is

ti ghtened and held by clanps 10a and 10b provided at upper and | ower
portions, respectively. Insulators 11 and 12 are fitted to respective upper
portions of the inner and outer windings 3 and 4, and insulators 13 and 14
to respective | ower portions thereof. 20 Additionally, fluid introduction
hol es 15 for cooling the iron core 2 are forned at the upper and | ower
portions along the central axis of the iron core 2. The silicone fluid
cont ai ni ng transfor as the yelectri app tus according to this

enbodi ment is 25 p??“?ded mq?h a bretﬁg%mn p?%%ﬁct anal yzer of a bel ow

CH;— ' -0~ (S|l~ )p-(Sl‘n )q"SII CH, =+ (2)
5 CHg CgHs CH, CH;y
Functionally, the 1ﬁsulating/cooling silicone fluid 6
reserved in the tank 1 is withdrawn, as indicated by the
arrow in the figure, from inside of the tank 1 through the
upper circulation pipe %a into inside of the cooler 8 where
10 it is cooled, and then it is returned from the cooler 8
through the lower circulation pipe 9b into inside of the
tank 1, where it withdraws Joule's heat generated in the
iron core 2 and the inner and outer windings 3 and 4 to
cool them.
15 The iron core 2 is tightened and held by clamps 10a and
10b provided at upper and lower porticons, respectively.
Insulators 11 and 12 are fitted to respective upper
portions of the inner and outer windings 3 and 4, and
insulators 13 and 14 to respective lower portions thereof.
20 Additionally, fluid introduction holes 15 for cooling the
iron core 2 are formed at the upper and lower portions
along the central axis of the iron core 2.
The silicone fluid containing transformer as the
electrical apparatus according to this embodiment is

25 provided with a breakdown product analyzer of a below-



- 11 described configuration for heating the silicone fluid 6 in order to
evaporate | ow nol ecul ar-wei ght and | owboiling cyclic conpounds produced by
t hermal degradation of the silicone fluid 6 into the vapor phase portion
above the 5 liquid surface of the silicone fluid 6, and anal yzing the
resul ti ng gaseous conponents. The deterioration di agnosis device for

I nsul ating/cooling silicone fluid used for an electrical apparatus
according to this enbodi nent includes: a 10 collection pipe 16a fitted to a
| ower portion of the tank 1 and used far1 collecting the silicone fluid 6 in
the tank 1; a gaseous conponent sanpling chanber 17 connected to the
col l ection pipe 1l6a and used for heating and evaporating the collected

silicone flaidh/6m oMl duithtfsh Gase tEathhg AROENticdereniia & g@s pi pe
18 connected to the gaseous conponent sanpling chanber 17 and used for

i ntroduci Ng,tiie GRSKAIHISAE KRNI NRATRE AR AMARBT R RS Ao L1 g hanber 17,

a gas anal yzer 19 connected to the gas pipe 18 and used for analyzing the

sanpl ed andy i { OWGHLERRS PiH RRIBP W h im0 ddifr[idi tiDof It 6: 2
deterioration determmnation unit 30 for determ ning the deterioration

status of tde SiddEaKiid ¢ thi) e RARIS PHasO A SAD AWE A he

anal ysis of the gaseous conponents anal yzed by the gas anal yzer 19 and a
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anal ysi s of the gaseous conponents anal yze
resulting gaseous components.
The deterioration diagnosis device for

insulating/cooling silicone fluid used for an electrical
apparatus according to this embodiment includes: a

10 collection pipe 16a fitted to a lower portion of the tank 1
and used for collecting the silicone fluid 6 in the tank 1I1;
a gasecus component sampling chamber 17 connected to the
collection pipe 1l6a and used for heating and evaporating
the collected silicone fluid 6 and sampling the gaseous

15 components thereof; a gas pipe 18 connected to the gaseous
component sampling chamber 17 and used for introducing the
gaseous components heated and evaporated at the chamber 17;
a gas analyzer 19 connected to the gas pipe 18 and used for
analyzing the sampled and introduced gasecus components of

20 the silicone fluid 6; a deterioration determination unit 30
for determining the detericration status of the silicone
fluid on the basis of comparison between the analysis of
the gaseous components analyzed by the gas analyzer 19 and

a threshold deterioration level:; and a display 32 for

25 displaying the analysis of the gaseous components analyzed



- 12 by the gas analyzer 19 and/or the silicone fluid deterioration status
determ ned by the deterioration determnation unit 30. Al so, outside the
gaseous conponent sanpling chanber 17 5 there is provided a heater 20 for
heating the collected silicone fluid 6 and evaporating cyclic conpounds
contained therein. The heater 20 is set to heat the silicone fluid 6 in

t he gaseous conponent sanpling chanber 17 to approximately 100 to 220C and
preferably approximately 150 10 to 200C, in order to evaporate

| ow- nol ecul ar-wei ght and | ow boiling-cyel i-c conpounds produced by therm
degradation of the silicone fluid 6. Fig. 2 is a set of characteristic
curves iIIustrating relationships bet ween the heating tenperatures of the

15 silicon gqyj ﬁH%Qf] I f ycli ¢ conpounds
cont ai ned % t#ie | cone f#&l 3'98 I'n or erﬁﬂﬁ{ (?q(t}sie tezfc%lnit(%nts of polyners
of cyclic ’ ter for
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assessing t Icone“flurd, the 20 evaporation

behavi ors r and pent anmer contained in the silicone

fluid at elevate&'tenpera tures were observed. Fig. 2 illustrated the
observati ons bs %n@
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SenSi%iVit%ﬂuﬁnf is provided a heater 20 for heating the collected
silicone fluid 6 and evaporating cyclic compounds contained
therein. The heater 20 is set to heat the silicone fluid 6
in the gaseous component sampling chamber 17 to
approximately 100 to 220°C and preferably approximately 150

10 to 200°C, in order to evaporate low-molecular-weight and
low-boiling cyclic compounds produced by thermal
degradation of the silicone fluid 6.

Fig. 2 is a set of characteristic curves illustrating
relationships between the heating temperatures of the

15 sllicone fluid and the ionic strengths of polymers of
cyclic compounds contained in the silicone fluid. In order
to use the contents of polymers of cyclic compounds
contained in the silicone fluid as a barometer for
assessing the deterioration of the silicone fluid, the

20 evaporation behaviors of the trimer, tetramer and pentamer
contained in the silicone fluid at elevated temperatures
were observed. Fig. 2 illustrated the observations.

The observation was carried out by EGA-MS (Evolved Gas
Analysis - Mass Spectrometry).

25 In order to increase the measurement sensitivity, there



- 13 were used, as specinens, silicone fluids with the addition of the
trimer (D3), tetranmer (D4) and pentaner (D5) of dinmethyl silicone instead
of thermally degraded silicone fluids. The specinens were stabilized in He
in the analyzer 5 cell, and then continuously heated from50 to 300C at a
heating rate of 10 C mn for evaporation while the evaporated gasses being
I ntroduced into the mass spectroneter. lons having a MZ ratio (ratio of
the mass of an ion 10 (M to the charge on the ion (2)) of 207, 281 and 355
were chosen as a representative signaty of respective polyners D3, D4
and D5 of cyclic conpounds contained in the silicone fluid and their ionic
strengths and the total ion current were neasured. The silicone fluids were

heated fro Whet?, ) GhdbtindNG AN E1iPlad With StHEMd IR T ons

havi ng an ratio of 2 are respectively | cat e y the
alternate | e I S 4 | éHE%@g?”?ﬁ% [ in Fig. 2.
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the 5 cell, and then continuously heated from 50 to 300°C at a
heating rate of 10 °C/min for evaporation while the
evaporated gasses being introduced into the mass
spectrometer.
Ions having a M/Z ratio (ratio of the mass of an ion
10 (M) to the charge on the ion (Z)) of 207, 281 and 355 were
chosen as a representative signature of respective polymers
D3, D4 and D5 of cyclic compounds contained in the silicone
fluid and their ionic strengths and the total ion current
were measured. The silicone fluids were heated from 50 to
15 300°C in He, and the obtained ionic strengths for ions
having an M/Z ratio of 207, 281 and 355 are respectively
indicated by the alternate long and short dashed line,
s0lid@ line and dashed line in Fig. 2.
All of the polymers of the cyclic compounds start to
20 evaporate at approximately from 80 to 90°C, and completely
vaporize at around 220°C. Therefore, the heating
temperature can be set around 100 to 220°C.
Further, limiting the heating temperature range to

around 150 to 220°C can reduce the measurement time, and

25 thus provide an efficient measurement. Meanwhile, the



- 14 polyners of the cyclic conmpounds were detected again at tenperatures
hi gher than 230 to 250C. This is probably because such hi gher tenperatures
deconposed the silicone fluids and evaporated the resulting deconposed
products. 5 The gaseous conponent sanpling chanber 17 of the silicone fluid
containing transformer of Fig. 1 collects a predeterm ned quantity of the
silicone fluid 6, and then heats it with the heater 20 to evaporate

| ow nol ecul ar- wei ght and | owboiling cyclic conpounds produced by thermal
10 degradation of the silicone fluid & iyg a the vapor phase portion above
the liquid surface in the gaseous conponent sanpling chanber 17, thereby
obt ai ni ng the gaseous conponents. In order to collect a predeterm ned

quantity Of%éfigﬁﬂé ot 'ﬂlfé)irl.f‘?'éii& GompgYurfdd T fe @et?é@l?é@rﬁdﬂd Yafonst ant

anount of t I cone flu I's collected by opening a valve 2la for a

predet er m nggy rﬁﬂ: %ndd B3END 25’(?@: th@h?ﬂ@' 98t ppbphbgycol | ected

silicone f|UI neasure by melghlng neans. he gaseous conmponent

|s
sanpl i ng chaihgy ,{@?t ﬁ]% | ng&fg&yaﬂpé al £5¢ o the
vapor phase portlon ﬁ%ﬁ er #%ﬁLé%ﬁ% ar - wel ght cﬁ% ﬂE
conpounds and the
gaseous cyglfl C corrpoungftl‘’s\éﬁgﬂdr;[;'tea":l sé;(ﬁ?ﬂ?%rou%%é he gasﬁ pl pe %%A%g%fe gas
analyq@r 19, “hfﬁg @Q@égﬁgsc&ﬂgonent sampling chamber 17 of the

silicone fluid containing transformer of Fig. 1 collects a
predetermined quantity of the silicone fluid 6, and then
heats it with the heater 20 to evaporate low-molecular-
welght and low-bolling cyclic compounds produced by thermal

10 degradation of the silicone fluid 6 into the vapor phase
portion above the liquid surface in the gaseous component
sampling chamber 17, thereby obtaining the gaseous
components.

In order to collect a predetermined quantity of the

15 silicone fluid, for example, a substantially constant
amount of the silicone fluid is collected by opening a
valve 2la for a predetermined constant period of time and
then the weight of the collected silicone fluid is measured
by weighing means.

20 The gasecus component sampling chamber 17 heats the
silicone fluid 6 and evaporates, into the vapor phase
portion of the chamber 17, low-molecular-weight cyclic
compounds produced by thermal degradation of the silicone
fluid 6, and the gaseous cyclic compounds are sent through

25 the gas pipe 18 to the gas analyzer 19, which analyzes and



- 15 quantitatively determ nes only the | ow nol ecul ar-wei ght and

| ow- boi I i ng cyclic conpounds produced by the thermal degradation. That is,
t he gas anal yzer 19 only nmeasures the conbined quantity of the gaseous
cyclic compound polymers 5 (trimers, tetramers and pentaners) rather than
the total quantity of gaseous conponents generated by such heating and
evaporation. The cyclic conpounds are sent fromthe gaseous conponent
sanpling chanber 17 to the gas analyzer 19, for 10 exanple, by carrying
themon a flowng inert gas such as nitnggen, helium and argon.
Alternatively, in order to efficiently sanple the cyclic conpounds, an
absorbent, which is heatable with a heater, may be placed in the gaseous

conponent AR 1 thy ARAMRA e rfindd drlliys %%ﬁ%m&iﬂ&m%&seous

conponent s evaporated into the vapor phase portion in the 17 are

once absorb@ﬂﬂﬂbfﬂ%galbwﬂ@toonﬁi%ﬁ&sewd&c@wm fretat ed to rel ease

t he absor bed gaseous = conponents, which are then i'ntroduced into the gas

anal yzer Z%eig%alaaﬁ%f.yid&aafthgmOanangheeaha@%er%t Bﬁ'tig mBastakerhe of

the trinmer, tetraner an pent aner aré preassociated w the deterioration

| evel s of t ﬁ%dr?'g%ﬂéd | r%il"? g)ﬁqﬁ{b Haddind %ﬂﬂg &J(’gnr?dlﬁx& | Aot

t her eof , y ena eterioration diagnosis the 257basis of the
resul% of t{%iiﬁﬁ%é?“ﬂé@?ﬁhég% and pentamers) rather than the total

gquantity of gaseous components generated by such heating
and evaporation.

The cyclic compounds are sent from the gaseous
component sampling chamber 17 to the gas analyzer 19, for

10 example, by carrying them on a flowing inert gas such as
nitrogen, helium and argon.

Alternatively, in order to efficiently sample the
cyclic compounds, an absorbent, which is heatable with a
heater, may be placed in the gaseous component sampling

15 chamber 17. In this case, the cyclic compound gaseous
components evaporated into the vapor phase portion in the
chamber 17 are once absorbed in the absorbent, and then the
absorbent is heated to release the absorbed gaseous
components, which are then intrcduced into the gas analyzer

20 19 by carrying them on an inert gas.

Further, the contents of the trimer, tetramer and
pentamer are preassociated with the deterioration levels of
the silicone filuid such as the lowering of the flash point
thereof, thereby enabling a deterioration diagnosis on the

25 basis of the result of the gas analyzer 19,



- 16 For exanple, the silicone fluid is determ ned to have deteriorated
when t he val ue neasured by the gas anal yzer or the cal cul ated content of
the cyclic conmpound polynmers exceeds a predeterm ned value. 5 As shown in
Fig. 1, the deterioration diagnosis device of this enbodi nent includes: the
determnation unit 30; a threshold setting unit 33; the display 32; and a
dat abase 31. The determ nation unit 30 inputs, fromthe gas anal yzer 10
19, a nmeasured val ue (analyzed val ue or cal culated content of the cyclic
conmpound pol yners) of the gaseous cycl-i @6 conpounds evaporated froma
silicone fluid, and conpares it wth a silicone fluid deterioration
threshold content level for the cyclic conpound polyners inputted fromthe

15 threshol d seidd nGkdmpie 3SThe i tishsdtRITE Nes dddrmiied Std isre f 1 ui d
has deteriorated if the neasured value exceeds the threshold |evel. The

det er mi nat it dilidrat®d dhefl YNAY IR HddstRtRl vy e RiLTE18i4e3N or
di agnosis result on the display 32. In 20 addition, the neasured val ue

(anal yzed \3dl@Alcld 1@l At e iodnteHef dyed ieY JonpRRIP YH9miiy/ mer s) of

t he gaseous cyclic conpounds, which is analyzed at the gas anal yzer 19 and
i nputted t QihedetLHidRiddthiddd vueLan be displayed on the display 32

in order to also nonitor the quantity of 25 the gaseous cyclic conpounds
measursed by theygas AR ¥ Fig. 1, the deterioration diagnosis device
of this embodiment includes: the determination unit 30; a
threshold setting unit 33; the display 32; and a database
31.
The determination unit 30 inputs, from the gas analyzer
10 19, a measured value (analyzed value or calculated content
of the cyclic compound polymers) of the gaseous cyclic
compounds evaporated from a silicone fluid, and compares it
with a silicone fluid deterioration threshold content level
for the cyclic cempound polymers inputted from the
15 threshold setting unit 33, and then determines that the
silicon fluid has deteriorated if the measured value
exceeds the threshold level.
The determination unit 30 can display the silicone
fluid deterioration diagnosis result on the display 32. 1In
20 addition, the measured value (analyzed value or calculated
content of the cyclic compound polymers) of the gaseous
cyclic compounds, which is analyzed at the gas analyzer 19
and inputted to the determination unit 30, can be displayed

on the display 32 in order to also monitor the quantity of

25 the gaseous cyclic compounds measured by the gas analyzer



- 17 19 and/or the content of the polyners calculated fromthe

measurenment. The deterioration of silicone fluid proceeds with the

operating years of an electrical apparatus; therefore, in 5 order to
accurately nonitor such deterioration progress, the quantities of the
gaseous cyclic conpounds neasured by the gas analyzer 19 are inputted, via
the determnation wunit 30, to the database 31 to be stored therein together
with the correspondi ng operating years elapsed. This allows 10 accurate
nonitoring of a deterioration of a siliqgone fluid which proceeds with the
operating years of an electrical apparatus by retrieving stored historical
data fromthe database 31 to the determ nation unit 30 and displaying them

on the di spl@Yandrorl xnd&diieHte ¥ tHd ifgndrdlichliculif &l AR achd or the

deterioration wll now be described with réeference to Fig. 6. Fig. 6 is
charact eri §fdfsfrtimeist showing the result of an accelerated test for the
thermal deterioration of a silicone fluid, in which the abscissa, |eft-hand

and right 20 h ' : qﬂﬁﬁﬂjt' agi ng

test (250C, 10%3?%%&{%%%?%%%%%, the éfi%%%%iﬁﬁh%;r%of and

t he cont e”to@re@ﬁ'ﬁ]d (&ég}t’g)g}pq?n %m&gog&;%&&erﬁ&ef gt vely. As
romFig.” 6, the flas I

e
I s apparent point of a 25 silicone fluid ‘s 300C or
hi gherg bef Qf,&3diS& o Rc e ERF Gonitor such deterioration progress,

the quantities of the gaseous cyclic compounds measured by
the gas analyzer 19 are inputted, via the determination
unit 30, to the database 31 to be stored therein together
with the corresponding operating years elapsed. This allows

10 accurate monltoring of a deterioration of a silicone fluid
which proceeds with the operating years of an electrical
apparatus by retrieving stored historical data from the
database 31 to the determination unit 30 and displaying
them on the display 30.

15 The nature of silicone fluid to be diagnosed for the
detericration will now be described with reference to Fig.
6. Fig. 6 is characteristic curves showing the result of an
accelerated test for the thermal deterioration of a
silicone fluid, in which the abscissa, left-hand and right-

20 hand ordinates represent the elapsed time of a thermal
aging test (250°C, 100 hours) of the silicone fluid, the
flash point thereof and the content of cyclic compound
polymers contained therein, respectively.

As is apparent from Fig. 6, the flash point of a

25 silicone fluid is 300°C or higher before use, but decreases



- 18 as the deterioration of the silicone fluid proceeds with increasing
aging tine. It can also be seen that the content of cyclic conpound
polymers (trimers, tetramers and pentaners) contained in 5 the silicone
fluid is relatively small before use, but rapidly increases as the
deterioration of the silicone fluid proceeds with increasing aging time. A
flash point of a silicone fluid bel ow 200C may cause an electrica
apparatus to catch fire. In consideration of 10 this, a content of cyclic
conpound pol yners at 200C, for exanple asval ue of 3000, is chosen for a
silicone fluid deterioration threshold |evel for conparing with a neasured
content of such polyners, thereby enabling accurate and sinple judgenent of

silicone fljd qHletRitdFRIrdtionl DENaMk (8 1MdrieE FMuifd tﬂ:%déedgetﬁﬁﬂ ned to
have deteriorated, the electrical apparatus is stoppéd or is exam ned for

any abnorquéﬁédélddmgdrﬁarghﬁgenance or another sanple of the silicone
fluid is collected to nal yze the condition thereof in nore detail. 20 Fig.

3 schemati cal | yr{ | {43 td PSR JBEH {Ha b HKEE e ted Gl SREBYc 30
di splays a progress of a silicone fluid deterioration agnosed by the

det er m nat iy WCriddbdl Gethardits GHid ettt ot o Pl ots the

cont ent of ga eous cyc i ¢ compound polymers which is 25 evaporated froma

silicgne flyjd And AW RAPY L e 1WASively small before use, but

rapidly increases as the deterioration of the silicone
fluid proceeds with increasing aging time.

A flash point of a silicone fluid below 200°C may cause
an electrical apparatus to catch fire. In consideration of

10 this, a content of cyclic compound polymers at 200°C, for
example a value of 3000, is chosen for a silicone fluid
deterioration threshold level for comparing with a measured
content of such polymers, thereby enabling accurate and
simple judgement of silicone fluid deterioration.

15 When the silicone fluid is determined to have
deteriorated, the electrical apparatus is stopped or is
examined for any abnormality in routine maintenance, or
ancther sample of the silicone fluid is collected to
analyze the condition thereof in more detail.

20 Fig. 3 schematically illustrates a monitor screen of
the display 32 which displays a progress of a silicone_
fluid deterioration diagnosed by the determination unit 30.
In Fig. 3, the curve marked with triangles plots the
content of gaseous cyclic compound polymers which is

25 evaporated from a silicone fluid and measured by the gas



- 19 analyzer 19 against the operating time of an electrical apparatus,
and the dashed line indicates a suitably predeterm ned threshold content

| evel (3000) of the polynmers for determning a deterioration of the
silicone 5 fluid. Fig. 3 experinentally sinulates, in the therm
deterioration accelerated test, transformers A and B operated under
relatively high and | ow | oads respectively, in which the abscissa represents
aging tine in terms of 10 real operating years. The high and | ow | oad

sinmul ations were perforned at 270C and 1220C respectively, and the
respective contents of cyclic conpound polyners were neasured as a function
of tinme. 15 The respective measurenments were perforned up to an aging tinme

correspondi gy fyf, &At?elt ifRerald Updrd By tihe Yi0lah Sdbidfedesul ts were

marked with C|rcles an riangl es, respectlvely The alternate | ong and
short dasmg;%) aflm 1165 dAHREE 1 MRl Y d PR ta PO
| extra tions

I nt er pol at of the data points neasured for the
renehor iR e%ee- RS SIS IRD BIG, e g0 LD
Ihgvfah: ;25 ﬁhﬁé Serw C‘;&Hﬂ%ﬁnﬁ{l_f LAY ERSn BEFhD S LLESH ed to

5 fluid.

Fig. 3 experimentally simulates, in the thermal
deterioration accelerated test, transformers A and B
operated under relatively high and low loads respectively,
in which the abscissa represents aging time in terms of

10 real operating years.

The high and low load simulations were performed at
270°C and 220°C respectively, and the respective contents of
cyclic compound polymers were measured as a function of
time.

15 The respective measurements were performed up to an
aging time corresponding to an actual operating time of 10
years, and the results were marked with circles and
triangles, respectively. The alternate long and short
dashed and solid lines respectively represent smooth

20 interpolations/extrapolations of the data points measured
for the transformers A and B.

Points where these extrapolation lines cross the
threshold content level indicate service life limits of the

silicone fluids in the respective transformers. The

25 transformer B can be estimated tc have a remaining service



- 20 life of about seven years as indicated by L. In an actual transforner,
the silicone fluid contained therein is regularly neasured for the content
of cyclic conpound polyners, and the neasured data are stored to 5 obtain a
characteristic curve like that shown in Fig. 3, thereby nmaking it possible
to predict froman extrapolation of the neasured data when to replace the
silicone fluid. Further, when an electrical apparatus such as a transformner
is stopped, for exanple, for routine 10 mai ntenance, part or all of the
silicone fluid is changed depending on gZge deterioration |evel which is

di spl ayed on the nonitor screen of the display 32, thereby forestalling
possi ble failures of such an electrical apparatus. Al so, there can be

provi ded songe Wt Widd Wdirs Jas ORf{ ey Ay @, deterioration of a
silicone fluid en di agnosed,” for exanple by dlsplaylng a deterioration

status of the 'érﬁ%@tﬁéﬂ'ﬁr&&@ﬂ&ﬁﬁ@ﬁ byhd r&ﬁfé@ﬁé“f‘i@ﬂd%ﬁté@ne&” t he

noni t or screen o e display 32, thereby facilitating management . For
exanpl e, Qfr 1y s AP R 10! R eh 0o 1fr9nef'u'd
exceeds a preset va ue ‘t S|I|cone flurd is deternlned t o "have
deterloratega@ﬂﬂﬂhf 1 hﬁﬂi dﬁ%ﬁp éngy een of the
di splay 32 %Fé uency o checki ng eterloratlo fﬁ% silicone

5 obtain a characteristic curve like that shown in Fig. 3,

thereby making it possible to predict from an extrapolation

of the measured data when to replace the silicone fluid.
Further, when an electrical apparatus such as a

transformer is stopped, for example, for routine

10 maintenance, part or all of the silicone fluid is changed
depending on the deterioration level which is displayed on
the monitor screen of the display 32, thereby forestalling
possible fallures of such an electrical apparatus.

Also, there can be provided some measure of notifying

15 operators of a deterioration of a silicone fluid when
diagnosed, for example by displaying a deterlioration status
of the silicone fluid diagnosed by the determining unit 32
on the monitor screen of the display 32, thereby
facilitating management.

20 For example, when the content of cyclic compound
polymers of a silicone fluid exceeds a preset value, the
silicone fluid is determined to have deteriorated and the
result is then displayed on the monitor screen of the
display 32.

25 The frequency of checking deterioration of the silicone



- 21 fluidis in the range fromonce a week to once a nonth. Therefore,
the determnation unit 30 can be activated on a regular basis, thereby
perform ng the deterioration diagnosis every predeterm ned period of tine.
5 The determ nation unit 30 is also provided with a controller for
controlling the operations of: the gaseous conponent sanpling chanber 17,
the gas anal yzer 19; a punp (not shown) and the valve 2l1la for introducing
silicone fluid; and the heater 20 for heating the silicone fluid. 10 Wth
this configuration, the determ nation uniit -30 commands the controller to
start the punp every predeterm ned period of tinme in order to introduce the
silicone quid 6 inthe tank 1 into the gaseous conponent sanpling chamber

17 whi e ﬂ]zigﬂ% hd'88infe 33dnP oW ta RRRIK D WiReSid infditdh 15 fluid 6

introduced I n e chanber 17, and activate the gas analyzer 19. The

controller A0 e AAYTHRNE RN Hetemytd i vitida Hh irst

opens the valve 2la to collect the silicone fluid 6 in the tank 1 through

the col I ectin 120 N8 s16a HAUIRF et fiddnf E&neat %te&rﬂ)ﬁiﬁr&i zes the heater

20 after closing the valve 21a 1'n"order t l'icone fluid 6
col lected iy Jhf 325 RS gﬁﬂﬁﬂ§Hg SR &yme/. @and evaporate cyclic
conpound po yﬁgﬁg contalﬁg t erefﬁu'and f%gh contrjls t he gas anal yzer 19

to 25§ quantitaply &)y AN NFE S Gl AP A& YS! | Lo FRBR U a
controller for controlling the operations of: the gaseous
component sampling chamber 17; the gas analyzer 19; a pump
(not shown} and the valve 2la for introducing silicone
fluid; and the heater 20 for heating the silicone fluid.

10 With this configuration, the determination unit 30 commands
the controller to start the pump every predetermined perilod
of time in order to introduce the silicone fluid 6 in the
tank 1 intoc the gaseous component sampling chamber 17 while
energizing the heater 20 to start heating the silicone

15 fluid 6 introduced in the chamber 17, and activate the gas
analyzer 19.

The controller, according to a command from the
determination unit 30, first opens the valve 2la to collect
the silicone fluid 6 in the tank 1 through the collection

20 pipe 16a connected to the tank 1, and energizes the heater
20 after closing the valve 2la in order to heat the
silicone fluid 6 collected in the gaseous component
sampling chamber 17 and evaporate cyclic compound polymers
contained therein, and then controls the gas analyzer 19 to

25 quantitatively analyze the evaporated cyclic compounds.



- 22 It then controls the display 32 to display the content of the cyclic
conpound pol yners anal yzed by the gas analyzer 19 or the silicone fluid
deterioration status diagnosed by the determ nation unit 30 on the basis of
the 5 analyzed content. The determi nation unit 30 then commands the
controller to de-energize the heater 20 in the gaseous conponent sanpling
chanber 17 after each analysis of the cyclic conpounds at the gas anal yzer
19 and then purify residuals 10 remaining in the analyzer 19 and the ot her
parts. Since the residual silicone fluizh 6. contains a relatively m nor
anount of deconposition products, it can be returned to the tank 1.
Alternatively, it can be discarded because the anmount of the silicone fluid

6 required for pactndp SBACHSESCRie | GiEF1AY 1 ¥2 Yo SABAH14$ the Sontdat

Furthernore, a single set of a gas analyzer and a diagnosis device can
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The determination unit 30 then commands the controller
to de-energize the heater 20 in the gaseous component
sampling chamber 17 after each analysis of the cyclic
compounds at the gas analyzer 19 and then purify residuals

10 remaining in the analyzer 19 and the other parts. 8ince the
residual silicone fluid 6 contains a relatively minor
amcunt of decomposition products, it can be returned to the
tank 1. Alternatively, it can be discarded because the
amount of the silicone fluid 6 required for each

15 measurement is relatively small (e.g., 50 ml).

Furthermore, a single set of a gas analyzer and a
diagnosis device can moniter multiple electrical
apparatuses (such as a plurality of transformer).

Since the deterioration check frequency of the silicone

20 fluid 6 is in the range from once a week to once a month as
described above, multiple electrical apparatuses may be
monitored with a single deterioration diagnosis system of
silicene fluid used for an electrical apparatus which
includes one such analyzer and some sort of flow switch.

25 Thereby, respective silicone fluids 6 in multiple



- 23 electrical apparatuses can be collected to nonitor the respective
deterioration |levels thereof. The quantitative determ nation of the gaseous
conmponents of the silicone fluid is facilitated when the 5 anbunt of the
silicone fluid 6 collected for each diagnosis is large, while the silicone
fluid is easy to heat when it is small. The anmount of the silicone fluid 6
collected for each diagnosis is preferably 1 to 50 m, but it can be
reduced 10 to about 1 to 5 m while naintaining sufficient measurenent
accuracy. The residual silicone fluid 6a«mining in the gaseous conponent
sanpling chanber 17 after each deterioration diagnosis can be returned to
the tank 1 for reuse because they contain no | ow nol ecul ar-wei ght 15

conpounds vy Ly L QUer difiea Cﬁﬁﬁw%a{n bd EdN et o ALY oery ef erabl y

provided a return plpe and punp for returning the silicone fluid 6 to the
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5 amount of the silicone fluid é collected for each diagnosis

is large, while the silicone fluid is easy to heat when it
is small.
The amount of the silicone fluid 6 collected for each
diagnosis is preferably 1 to 50 ml, but it can be reduced
10 to about 1 t0o 5 ml while maintaining sufficient measurement
accuracy. The residual silicone fluid 6 remaining in the
gaseous component sampling chamber 17 after each
deterioration diagnosis can be returned to the tank 1 for
reuse because they contaln no low-molecular-weight
15 compounds which lower the flash point.
In this case, there are preferably provided a return
pipe and pump for returning the silicone fluid 6 to the
tank 1.
The pump can also be controlled by the above-mentioned
20 determination unit 30 having the controller. In addition,
the silicone fluid 6 used for each deterioration diagnosis
may be discarded and replenished as needed.
The silicone fluid containing transformer of the above
configuration, during its operation, heats the

25 insulating/cooling silicone fluid 6 contained in the tank 1



- 24 in order to evaporate, into the vapor phase portion above the |liquid
surface, the cyclic conpounds produced by thermal degradation of the
silicone fluid 6 and dissolved therein, and then analyze the resulting
gaseous conponents. 5 This enables an efficient and sinple on-site
guantitative determ nation of the cyclic conpounds produced by thernal
degradation of the silicone fluid 6, and therefore enables a sinplified
preventive nai ntenance of the silicone fluid containing transformer. 10 The
i nsul ating/cooling silicone fluid 6 contagned in the transformer is

circul ated between the tank 1 and cooler 8 via the circulation pipes 9a and
9b connected therebetween in order to supply the silicone fluid 6 cool ed

by the cool ff Sddr e dvdfibrie¥ &, ZntdGle FHbMSHade Yol dWSavbwd 4, and

the other parts disposed Inside the tank 1 and cool them therefore, the
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determination of the cyclic compounds produced by thermal
degradation of the silicone fluid 6, and therefore enables
a simplified preventive maintenance of the silicone fluid
containing transformer.

10 The insulating/coeling silicone fluid 6 contained in
the transformer 1is circulated between the tank 1 and cooler
8 via the circulation pipes 9a and 9b connected
therebetween in order to supply the silicone fluid 6 cocoled
by the cooler 8 to the iron core 2, inner and outer

15 windings 3 and 4, and the other parts disposed inside the
tank 1 and cool them; therefore, the kinematics viscesity
of the silicone fluid 6 is preferably low, specifically not
more than 5.5 mm?/s at 25°C.

In general, the silicone fluid 6 of a lower molecular

20 weight has a lower flash point as well as a lower viscosity.
Therefore, the silicone fluid 6 of a lower viscosity has a
lower flash point, and probably contains a larger amount of
thermally decomposed products having low molecular weights
and low boiling points.

25 In addition, when wishing to improve the fire



- 25 resistance of a transfornmer or wi shing to downsize an apparatus by

I ncreasing its operating tenperature, the silicone fluid 6 is preferably
flame retardant, and specifically has a flash point nore than 250C. 5 Thus,
the insulating/cooling silicone fluid 6 contained in a transforner

advant ageously has a flash point higher than 250C and a kinematic viscosity
not nore than 5.5 m/s at 25C. Furthernore, to the silicone fluid 6 of
this enbodinment 10 there may be added an additive such as an antistatic
agent comonly used in a mneral oil cqgga ning transformer. This

enbodi ment provide a deterioration diagnosis device and nmethod for

I nsul ating/cooling silicone fluid wused for an electrical apparatus, in

which the quadidtancd o d A4 EsHhey -eieidh Al tPudidiig syclic

conpounds produced by thernmal degradation of the silicone fluid can be
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5 Thus, the insulating/cooling silicone fluid 6 contained
in a transformer advantageously has a flash point higher
than 250°C and a kinematic viscosity not more than 5.5 mm?/s
at 25°C.

Furthermore, to the silicone fluid 6 of this embodiment

10 there may be added an additive such as an antistatic agent
commonly used in a mineral ¢l1l containing transformer.

This embodiment provide a deterioration diagnosis
device and method for insulating/cooling silicone fluid
used for an electrical apparatus, in which the quantity of

15 low-molecular-weight and low-beoiling cyclic compounds
produced by thermal degradation of the silicone fluid can
be efficiently and simply determined on site, thereby
enabling an accurate and simple diagnosis of such silicone
fluid.

20 [Embodiment 2]

Next, a configuration of a deterioration diagnosis
device for insulating/cooling silicone fluid used for a
silicone fluid containing transformer according to another

embodiment of the present invention will be described with

25 reference to Fig. 4. In the silicone fluid containing



- 26 transforner according to this enbodi ment shown in Fig. 4, a gaseous
conponent sanpling chanber 17 conmmuni cates, via the collection pipe 16a,
with the circulation pipe 9b provided at a |ower portion of the cool er 8.
Since the collection 5 pipe 16a for collecting silicone fluid 6 is connected
to the circulation pipe 9b instead of being directly connected to the tank
1, it can be nore readily fitted to the transforner. Since the
deterioration diagnosis device for 10 insulating/cooling silicone fluid used
for the silicone fluid containing trangfor-ner according to this enbodi nent
shown in Fig. 4 has a basically identical configuration to that of the
silicone fluid deterioration diagnosis device according to the Enbodi nent 1

shown in Fighanlssdritfer] BRIy 1) t8fid RnTivh ! HEWH Sinvidilg bey org tted.

Further, in the silicone fluid ™ containing transformer according to this

enbodi ment Ghohd tdiigbneht &MY (Hamb¥i! 17 | it Y | WAl ey

determ ning, on-site and during operation, cyclic conpounds produced by

thermal 20 dogladalddhifle i, Qﬁbﬂrﬁtﬂﬂé@/&iﬂdf&ﬂ%d B 9 Wrbhidea (he

same as that 1n the Embodinent 1 of Fig. 1, the description thereof wll

al so be Om'at%gag Tl gaiof‘dirsd ye %eded g Nt sineb Ehe: Lo1hBetion

above- descri enbodi nent al so provides the deterioration diagnosis device

25 ang; met hpgyd ofgd s ald MG G 1Siddiadidli¢l 145 bicted to
the circulation pipe 9b instead of being directly connected
to the tank 1, it can be more readily fitted to the
transformer.

Since the deterioration diagnosis device for
10 insulating/cooling silicone f£luid used for the silicone
fluid containing transformer according to this embodiment
shown in Fig. 4 has a basically identical configuration to
that of the silicone fluid deterioration diagnosis device
according to the Embodiment 1 shown in Fig. 1, the
15 description of the common elements will be omitted.
Further, in the silicone fluid containing transformer
according to this embodiment shown in Fig. 4, a method for
analyzing and quantitatively determining, on-site and
during operation, cyclic compounds produced by thermal
20 degradation of the insulating/cocling silicone fluid 6 is
the same as that in the Embodiment 1 of Fig. 1, the
description thereof will also be omitted herein.
Similarly to Embodiment 1 of Fig.l, the above-described
embodiment also provides the deterioration diagnosis device

25 and method for insulating/cooling silicone fluid used for



- 27 the electrical apparatus, in which the quantity of |ow

nol ecul ar-wei ght and | ow boi l i ng cyclic conpounds produced by thermal
degradation of the silicone fluid can be efficiently and sinply determ ned
on site, thereby enabling 5 an accurate and sinple diagnosis of such
silicone fluid. [Enbodinment 3] Fig. 5 illustrates a silicone fluid
deterioration diagnosis device for insulating/cooling silicone fluid used
for an electrical apparatus according to other enbodiment 10 of the present

i nvention. This enbodinent circulates 4y silicone fluid 6 through an

anal yzer. Additionally, this enbodinent collects the silicone fluid 6 from
the main body of a tank 1 and returns it to the circulation pipe 9b of the

cooler 8. Tiife RIB:AS zal}iﬂa&tﬁiﬁisi ndid khisdd iﬂ%‘%ﬂ&xﬁiﬁé} b6 iswprovided in
e

t he pi pe 16a. The val ves a and 21b, respectively provided in the pipes

21a and 21y B RERR dift Grid W oW-Bbd e iy | dyreinee édmiwlnﬁié e sicdde pi pes

connected to the gaseous conponent sanpling chanber 17, and are then cl osed

after 20 ras) duplrmdl | Frddat thif WRitHd G111 ddiRe GRIREca’ B@s been

sufficiently replaced by a new silicon fluid 6 collected for a next

_rreasurerrentefﬁlﬁémﬁaéd@rsimd\prmﬁﬂﬂé@%n et meﬁétg( dddpinhg | uid 6
In the chanber 17 is heated and evaporated with a heater 20 in order to
sanpl g the Zp Hasfoie EHP WG diagnosis of such silicone fluid.

[Embodiment 3]

Fig. 5 illustrates a silicone fluid deterioration
dliagnosis device for insulating/cooling silicone fluid used
for an electrical apparatus according to other embodiment

10 of the present invention. This embodiment circulates the
gilicone fluid 6 through an analyzer. Additionally, this
embodiment collects the silicone fluid 6 from the main body
of a tank 1 and returns it to the circulation pipe 9b of
the cooler 8. The pump 28 for circulating the silicone

15 fluid 6 is provided in the pipe 1lé6a.

The valves 2la and 21b, respectively provided in the
pipes 2la and 21b, are opened to circulate the silicone
fluid 6 through the pipes connected to the gaseous
component sampling chamber 17, and are then closed after

20 residual silicon fluid remaining in the chamber 17 has been
sufficiently replaced by a new silicon fluid 6 collected
for a next measurement, and thereafter the predetermined
amount of the silicon fluid 6 in the chamber 17 is heated
and evaporated with a heater 20 in order toc sample the

25 gaseous components.



- 28 Then, the gaseous conponents sanpled at the chanber 17 are analyzed
by the gas analyzer 19 to neasure the content of cyclic conpound pol yners
therein. The neasured value (analyzed value or cal cul ated content of the
cyclic 5 compound pol ynmers) of the gaseous conponents anal yzed at the gas
anal yzer 19 is then conpared with a silicone fluid deterioration threshold
content |evel of the polynmers inputted froma threshold setting unit 33,
and the silicon fluid is determned to have deteriorated if the nmeasured 10
val ue exceeds the threshold |level. The sidicone fluid deterioration status
di agnosed is then outputted fromthe determ nation unit 30 to be displayed
on a display 32. In addition, the neasured val ue (anal yzed value or 15

cal cul ated contgfin Of tHd) 6B AP SomPbnddiEs IAERALEG CYE| tie SRARGAACE7 Whi ch
I s anal yzed at the gas analyzer 19 and inputted to the determ nation unit

30, may be HiesRliish e by tdigdd ahaddyddy AHao i Y [Qntdift

quantities of the gaseous cyclic conpounds or the content of the cyclic 20

conpound Py /S 18! gl fPAPrids A GTENThe ThBaSide@ORA1LEI d 6
after each neasurenent can be  reéeturned to the tank 1 by opening the val ves

2la and 21%%%%?& V140N P t dd R SHESE %é%?éﬂ&ormound&
e silicone flui 2

Meanwhi | e, d 6 may be collected from the circulation

Pipe 9, bWorgod SAVMYAIGR e igaseous components analyzed at

the gas analyzer 19 is then compared with a silicone fluid

deterioration threshold content level of the polymers

inputted from a threshold setting unit 33, and the silicon

fluid is determined to have deteriorated if the measured
10 value exceeds the threshold level.

The silicone fluid deterioration status diagnosed is
then outputted from the determination unit 30 to be
displayed on a display 32.

In addition, the measured value {(analyzed value or

15 calculated content of the polymers) of the gaseous cyclic
compounds, which is analyzed at the gas analyzer 19 and
inputted to the determination unit 30, may be displayed on
the display 32 in order to also monitor the quantities of
the gaseous cyclic compounds or the content of the cyclic

20 compound polymers calculated from the measurement.

The silicone fluid 6 after each measurement can be
returned to the tank 1 by opening the valves 2la and 21b
because it has only lost the polymers of cyclic compounds.

Meanwhile, the silicone fluid 6 may be collected from

25 the circulation pipe 9b, but it more advantageously is



29 collected froma circulation pipe 9a or an upper portion of the tank 1
In order to reduce the heat applied for each analysis. In addition, the
silicone fluid 6 is advantageously 5 returned to the circul ation pipe 9a or
9b, because the flow speed of the silicone fluid 6 is higher in the
circulation pipe causing a natural circulation therethrough and thereby
sone punps for the circul ati on purpose can be spared. Furthernore, this
enbodi ment adds a function of 10 inform ng operators of results obtained at
the silicone fluid deterioration diagnosis device. The display 32 not only
di spl ays the neasured val ues (cal cul ate®%ontent of the cyclic conpound
pol yners) of the gaseous cyclic conpounds anal yzed by the gas anal yzer 19,
but al so 15 displays diagnosis results obtained at the determination wunit

30 whi ch coyrestall MmaareGiavilaticl pgife G |de art Ay bgr Aterer
contained in a silicone fluid with a threshold |Ievel thereof and detern nes

that the sitieahk fl Uil dfiferdaie alwicetid Hdut rapaalieTl faanteddh exceeds
the 20 threshold | evel, thereby allow ng operators to nonitor, on the
det er m nat igifaydils 30, neasured quantities of the gaseous cyclic conpounds
as well as diagnosis results obtained at the silicone fluid deterioration
di agnosis devipe.ad®di i Guperiys SOI1 teshe henkid 08 BYadiederage@ispp of the
5 returned to the circulation pipe 9a or 9b, because the flow
speed of the silicone fluid 6 is higher in the clirculation
pipe causing a natural circulation therethrough and thereby
some pumps for the circulation purpose can be spared.
Furthermore, this embodiment adds a function of
10 informing operators of results obtained at the silicone
fluid deterioration diagnosis device. The display 32 not
only displays the measured values (calculated content of
the cyclic compound polymers) of the gaseous cyclic
compounds analyzed by the gas analyzer 19, but also
15 displays diagnosis results obtained at the determination
unit 30 which compares a measured content of the cyclic
compound polymers contained in a silicone fluid with a
threshold level thereof and determines that the silicone
fluid has deteriorated if the measured content exceeds the
20 thresheld level, thereby allowing operators to monitor, on
the determination unit 30, measured quantities of the
gaseous cyclic compounds as well as diagnosis results
obtained at the silicone fluid deterioration diagnosis

device.

25 A supervisor can check for any deterioration of the



- 30 silicone fluid 6 and mai ntenance the apparatus according to the
present enbodi nent. For exanple, there may be provided an alarm device or
the like for issuing an alarmwhen an evaporated quantity of the cyclic
conmpound pol yners exceeds 5 a preset value, that is, the silicone fluid 6 is
determned to have deteriorated. The threshold | evel preset in the
threshold setting wunit 33 is chosen, for exanple, by considering

rel ati onshi ps between neasured quantities of the cyclic 10 conmpounds in
deteriorated silicone fluids and propertjees thereof such as el ectrical
conductivity and ignition point. Furthernore, while any comrercially
avai |l abl e val ve and al arm devi ce may be enpl oyed, preferably the val ves used

are opened gng; ddife ¥ 1RIR U hd d SsssthnetHd & tyPesccdmaid -tJhi s

enbodi ment achieves to provide a deterioration I'agnosi s device and met hod
for insul aty i/ d Mg érﬁﬂdcfi‘?l%tﬂ gk a&%ﬂ.p& %ﬁe%eafay b pPRAGREUS, N

which the quantity of |ow nmolecul ar-weight d | ow- boi ling cyclic 20

conpounds pf %ﬁ %‘;fd@i Y GRyredal €Yy %é&ﬁ;gzlaﬂ Prm fidf £an be

eff|C|entIy an ermned on site, thereby enabling an accurate and
Bawgfndg?%‘fﬁ cone 25 ﬁﬂlﬁ ?ifggcrﬁéal #Lnlgll}%&oé?ﬁhﬁ%agpiﬁ%ﬁ%s ecg%n%g]ped

wi th % a preset value, that is, the silicone fluid 6 is determined
to have deteriorated.

The threshold level preset in the threshold setting
unit 332 is chosen, for example, by considering
relationships between measured quantities of the cyclic
10 compounds in deteriorated silicone fluids and properties

thereof such as electrical conductivity and ignition point.

Furthermore, while any commercially available valve and
alarm device may be employed; preferably the valves used
are opened and the alarm used is issued when the power goes

15 off.

This embodiment achieves to provide a deterioration
diagnosis device and method for insulating/cooling silicone
filuid used for an electrical apparatus, in which the
quantity of low-molecular-weight and low-boiling cyclic

20 compounds produced by thermal degradation of the silicone
fluid can be efficlently and simply determined on site,
thereby enabling an accurate and simple diagnosis of such
silicone fluid.

Next, an exemplary operation pattern of a silicone

25 fluid containing electrical apparatus equipped with a



- 31 deterioration diagnosis device of silicone fluid shown in Figs. 1, 4
and 5 will be described. D agnosis by the deterioration diagnosis device of
silicone fluid can be perfornmed at a predeterm ned frequency such as once a
week 5 and once a nonth, or on a regular and frequent basis. An exanple of
regul arly schedul ed di agnosis using the deterioration diagnosis device of
silicone fluid will be described below The operation of the deterioration
di agnosi s device of silicone fluid can be broadly divided 10 into four

steps: preparation, measurenent, cleani g and standby. Table 1 OPERATI ON
FOR VALVE HEATER Tl ME DETERI ORATI ON DI AGNCSI S (V1, V2) (H PREPARATI ON
Change of Silicone Fluid OPEN OFF 10 min 15 in Pipes SAWMPLI NG & Heati ng of

a Const ant ddi@3a 24 thidnidi agieAI RN EABFIRL 19fcorid ifaa@ HHdwh in
Evaporati on of Cyclic Conpounds and Measurenent of the Quantity thereof

CLEANI NG Drpaigiagq ,0f4 Mers W &4 1GL @F ddeferlibdd.n DPhaghesRs biyuiteleout of System
or Return thereof into Tank

deterioration diagnosis device of silicone fluid can be
performed at a predetermined frequency such as once a week
5 and once a month, or on a regular and frequent basis.
An example of regularly scheduled diagnosis using the
deterloration diagnosis device of silicone fluid will be
described below. The operation of the deterioration

diagnosis device of silicone fluid can be broadly divided

10 into four steps: preparation, measurement, cleaning and
standby.
Table 1
OPERATION FOR VALVE HEATER TIME
DETERIORATION DIAGNOSIS {(Vvl, V2) (H)
PREPARATION | Change of Silicone Fluid OFEN OFF 10 min
in Pipes
15
SAMPLING & Heating of a Constant CLOSE ON 10 min

MEASUREMENT Amount of Silicone Fluid,
Evaporation of Cyclic
Compounds and Measurement
of the Quantity thereof

CLEANING Drainage of Measured CLOSE OFF 15 min
Silicone Fluid out of
System or Return thereof
into Tank

5 INACTIVE Not Operating CLOSE OFF Predeter-
0 (STANDBY ) mined Time

The time required for each step in Table 1 is
adjustable depending on the configuration of piping,
frequency of checking the silicone fluid, period of use

25 thereof, etc. In the case where the measurement is



20 I NACTI VE Not Operating CLOSE OFF Predeter- 20 i I I | mned Tine The
time required for each step in Table 1 is adjustable depending on the
configuration of piping, frequency of checking the silicone fluid, period
of use 25 thereof, etc. In the case where the neasurenent is - 32

performed at a predetermned tine interval, nmultiple electrical apparatuses
can be nonitored by connecting them via nultiple pipes to a single analyzer
and switching between flow paths. 5 The step of preparing for a neasurenent
of the silicone fluid 6, according to axamand fromthe determ nation unit
30, starts punps and opens valves, thereby circulating the silicone fluid 6
contained in the collection pipe connected to the tank 1 and the gaseous

conponent SARHdrMbE RATRED r%etjé}rﬁlwe@qiln@tlmfm Sifdaanpad luid 6. The
step of neasuring the S|I|cone fluid 6, according to a command fromthe

det er m nat i diflcall apdiiit ddis QUlve rdhiSrdd by %!dfﬁn%éﬁlqlfrtﬁ{é?ﬁzes the

heater 20 in order to heat a constant anount of theé silicone fluid 6 15

collected iy g4 e q_g_%gh(yfpa Ry qﬁ)grg SHPld HhLRAEeany ARdcreMaporate cyclic

conmpounds contalne n anal’yzes the evaporated gaséous cyclic

conpounds g§ q%o agéﬁyg 19; and thereafter diagnoses, at the
detern1nat|on uni t terioration status of the silicone fluid 6 on
the b%§'s The step of preparing for a measurement of the silicone

fluid 6, according to a command from the determination unit

30, starts pumps and opens valves, thereby circulating the

silicone fluid 6 contained in the collection pipe connected

to the tank 1 and the gaseous component sampling chamber 17
10 for collecting the silicone fluigd 6.

The step of measuring the silicone fluid 6, according
to a command@ from the determination unit 30, stops the
pumps, closes the valves and energizes the heater 20 in
order to heat a constant amount of the silicone fluid 6

15 collected in the gaseocus component sampling chamber 17 and
evaporate cyclic compounds contained therein; then analyzes
the evaporated gaseous cyclic compounds at the gas analyzer
19; and thereafter diagnoses, at the determination unit 30,
a deterioration status of the silicone fluid 6 on the basis

20 of the measured values of the gaseous cyclic compounds.

The cleaning step, according to a command from the
determination unit 30, de-energizes the heater 20, and
purifies and removes the residual silicone fluid and
components thereof remaining in the analyzer and the other

25 parts. Since the residual silicone fluid after each



20 of the neasured values of the gaseous cyclic conpounds. The cleaning
step, according to a comand fromthe determnation unit 30, de-energizes
the heater 20, and purifies and renoves the residual silicone fluid and
conponents thereof remaining in the analyzer and the other 25 parts. Since
the residual silicone fluid after each - 33 diagnosis has had the cyclic
conpound pol yners renoved therefromand therefore contains a relatively
m nor anount of deconposition products, it nay be returned to the tank 1.
Alternatively, the silicone fluid 6 nmay 3@ di scarded after 5 each

measur enent because the anmount thereof required for each neasurenent is
relatively small (1 to 50 m). An admnistrator is infornmed, by a command

fromthe dolapydidl irlt Wid 30 ol d Wmgthd! Polymiral i mfed he

silicone fluid 6 on the basis of information detéctéd at 10 each
measur enentyh e it %nld QR didtied CRtAINY 0 R18AHVO]) BRRA HndbtaritS

controllably stopped, thereby enabling an efficient abnormality detection

and prevent i C u Ng € t sl 1
d 5%@68?@3&%&%&\/ odudtd | COPendy Ubd £8PLRhBANYoCkRE! (}a?ﬂk

appar at us. e-descri bed operation pattern prOV| es a
deteriorati de ANG IR BaGifPTe nldds Herld i i cone
fluid used p?' an e ec]i%’rl c\qec%appar at us, q'll whi ch the c'iLuant Ity o r#t%]'l

I ow My ecul Qleneitiureiiht BERRILd %ecyaﬁrldlﬁltcw RIRAUGR £ ther mal

each measurement is relatively small (1 to 50 ml).

An administrator is informed, by a command from the
determination unit 30, of a possible deterioration of the
silicone fluid 6 on the basis of information detected at

10 each measurement, or the silicone fiuid containing
electrical apparatus is controllably stopped, thereby
enabling an efficient abnormality detection and preventive
maintenance of a silicone fluid containing electrical
apparatus.

15 Use of the above-described operation pattern provides a
deterioration diagnosis device and method for
insulating/cooling silicone fluid used for an electrical
apparatus, in which the quantity of low-molecular-weight
and low-boiling cyclic compounds produced by thermal

20 degradation of the silicone fluid can be efficiently and
simply determined on site, thereby enabling an accurate and

simple diagnosis of such silicone fluid.



20 degradation of the silicone fluid can be efficiently and sinply

determ ned on site, thereby enabling an accurate and sinple diagnosis of
such silicone fluid. - 34 - WHAT IS CLAIMED IS 1. A deterioration diagnosis
device for silicone fluid used for an electrical apparatus conprising: an
el ectrical apparatus; 5 a tank for containing the electrical apparatus
thereinside; silicone fluid reserved in the tank for insulating and/or
cooling the electrical apparatus; a collection pipe for collecting part of
the silicone 10 fluid into an exterior 3f the tank; a gaseous conponent
sanpling chanber for heating the silicone fluid collected through the
collection pipe in order to evaporate a cyclic conpound contai ned therein;

a gas anal g f1d ipaMeD atd vel y anal yzing the cyclic 15 conpound
evaporated at the gaseous conponent sanpling chanber; a determ nation unit

for di agnosing { he Ad@leRlerQiAtatadn Hidighosdls a1t iFeRneifliWdhed E 1Ak basi s
of the analysis of the cyclic conpound anal yzed at the gas anal yzer, and 20

?hdi spl ay f,#gedjiﬁﬁl ?ﬂ g d e 308 e pardtdh ednpitiLingompound anal yzed at
e gas analyzer and/or the deterioration status of the silicone fluid
di agnosed at thg, ejectrical apparatus:
5 a tank for containing the electrical apparatus
thereinside;

silicone fluid reserved in the tank for insulating
and/or cooling the electrical apparatus:

a collection pipe for collecting part of the silicone

10 fluid into an exterior of the tank;

a gaseous component sampling chamber for heating the
silicone fluid collected through the collection pipe in
order to evaporate a cyclic compound contained therein;

a gas analyzer for quantitatively analyzing the cyclic

15 compound evaporated at the gaseous component sampling
chamber;

a determination unit for diagnosing the deterioration
status of the silicone fluid on the basis of the analysis
of the cyclic compound analyzed at the gas analyzer, and

20 a display for displaying the analysis of the cyclic
compound analyzed at the gas analyzer and/or the
deterioration status of the silicone fluid diagnosed at the
determination unit.

2. The deterioration diagnosis device for silicone

25 fluid used for an electrical apparatus according to Claim 1,



determnation unit. 2. The deterioration diagnosis device for silicone 25
fluid used for an electrical apparatus according to Caiml, - 35 wherein
t he gaseous conponent sanpling chanber has a function of heating the
collected silicone fluid to a tenperature of 100C to 220C. 3. The
deterioration diagnosis device for silicone 5 fluid used for an el ectrical
apparatus according to Caiml, wherein the determnation unit diagnoses
the deterioration status of the silicone fluid on the basis of conparison
bet ween the anal ysis of the cyclic conpgsnd anal yzed at the gas anal yzer
and a deterioration threshold level. 10 4. The deterioration diagnosis
device for silicone fluid used for an electrical apparatus according to

Caiml, vherQiih e ‘qa%%rdsC% MR Wanipd i Manbedr Haxf ¢ ner. a

reactor, a voltage regul at or capaC|tor and aresistor. 5. The

det er | or at igjh BN HARMIGE Y RliekcAdy 15 it S8 o 3 el ectri ca

appar at us accor ing to fur conprising: a return pipe for
returning g HolFE1 'df qgnpcfkglgzoﬂgnalnlng in the gaseous conponent
sanpl i ng cha er tot t ank therethrough and 20 a punp provided in the

rotlrn' pi pe and 1 Ofylel ik ok io’ A5k aghigla8 bieoaes oy dihacoe tank. 6.

The deterioration glagn05|s %eV|ce for
5 fluid used for an electrical apparatus according to Claim 1,

wherein the determination unit diagnoses the deterioration
status of the silicone fluid on the basis of comparison
between the analysis of the cyclic compound analyzed at the
gas analyzer and a deterioration threshold level.

10 4. The deterioration diagnosis device for silicone
fluid used for an electrical apparatus according to Claim 1,
wherein the electrical apparatus is one of a transformer, a
reactor, a voltage regulator, a capacitor and a resistor.

5. The deterioration diagnosis device for silicone

15 fluid used for an electrical apparatus according to Claim 1,
further comprising:

a return pipe for returning a residual silicone fluid
remaining in the gaseous component sampling chamber to the
tank therethrough; and

20 a pump provided in the return pipe and for returning
the residual silicone fluid to the tank.

6. The deterioration diagnosis device for silicone
fluid used for an electrical apparatus according to Claim 5,
further comprising a contrellier for: starting and stopping

25 the pump: heating, while the pump is stopped, the gaseous



fluid used for an electrical apparatus according to Caim5, further
conprising a controller for: starting and stopping 25 the punp; heating,
while the punp is stopped, the gaseous - 36 conponent sanpling chanber in
order to evaporate the cyclic conmpound; and conmandi ng the gas anal yzer to
guantitatively analyze the cyclic conpound. 7. The deterioration diagnosis
device for silicone 5 fluid used for an electrical apparatus according to
Claim1, further conprising: a cooler for cooling the silicone fluid in the
tank; and a circulation pipe for comumggcati ng the tank and the 10 cool er
and circulating the silicone fluid therethrough; and the collection pipe
for collecting the silicone fluid is connected to the circulation pipe. 8.

The deteri Qiggdibrit %Qﬁibsll%gj%ﬂeﬁlﬁ)élorlrﬁ'dﬂéé}n%o fdvigbred Ry dtlic
el ectrical apparatus according to Caiml wherein the silicone fluid

has a flas h:d?tﬁid?}ndmtaﬂd)"&fmﬂd?ﬂﬂn?gs%@%é alﬂm%tf th/lqiﬁgﬁﬁltﬁaﬂ%l@r e

than 55 m?/s at 25C. 9. A deterioration di agnosi s nethod for silicone

fluid usedyfpry.an eeq;tl;dlq@g lﬁ{dus conprising the steps of: 20
col l ecting part of the silicone |Uld in a tank, which is reserved for

i nsul ating and/-pr %' 9a% 3 o2lafGlon GalagndINR Aes P FoR 89 1iddnihe tank

reserved in a tank
5 fluid used for an electrical apparatus according to Claim 1,

further comprising:
a cooler for cooling the silicone fluid in the tank;
and
a circulation pipe for communicating the tank and the
10 cooler and circulating the silicone fluid therethrough; and
the c¢ellection pipe for collecting the silicone fluid is
connected to the circulation pipe.
8. The deterioration diagnosis device for silicone
fluid used for an electrical apparatus according to Claim 1,
15 wherein the silicone fluid has a flash pcoint not lower than
250°C and a kinematic viscosity not more than 55 mm?/s at
25°C.
9. A deterioration diagnosis method for silicone fliuid
used for an electrical apparatus comprising the steps of:
20 collecting part of the silicone fluid in a tank, which
is reserved for insulating and/or cooling an electrical
apparatus contained in the tank reserved in a tank for
insulating and/or cooling an electrical apparatus contained
in the tank into a gaseous component sampling chamber

25 through a collection pipe;



I nsul ating and/ or cooling an el ectrical apparatus contained in the tank

I nto a gaseous conponent sanpling chanber 25 through a collection pipe; - 37
heating the collected silicone fluid in order to evaporate a cyclic
conmpound contained therein; quantitatively analyzing the evaporated cyclic
conpound; 5 determ ning the deterioration status of the silicone fluid on
the basis of the analysis of the cyclic conpound; and displaying the

anal ysis of the cyclic conpound and/or the deterioration status of the
silicone fluid. 10 10. The deteriorati.omdiagnosis nmethod for silicone

fluid used for an electrical apparatus according to Caim9, wherein the
collected silicone fluid is heated to a tenperature of 100C to 220C. 11.

The deterioratigl,dgg “B%%MM&%lﬁééﬁénﬁ&:ﬁifiﬂ”&rd@théor an

el ectrical apparatus accordlng to daim9, wherein the determnation step

di agnoses tehﬁa Al of & anarhlc dogbury éd}&ﬁdé&%xféﬂd on the basis of

conpari son ysi s of the cyclic conpound ‘and a deterioration

threshol d IeveI gﬁﬁg@htl Yelsd 19 Ald othdli &puast St detdpch {or silicone

fluid used for(a ectrica apparatus according to al'm9, wherein the
electrlcalégﬁﬁg&ﬂdp is one of a transformer, a

5 determining the deterioration status of the silicone
fluid on the basis of the analysis of the cyclic compound;
and

displaying the analysis of the cyclic compound and/or
the deterioration status of the silicone fluid.

10 10. The deterioration diagnosis method for silicone
fluid used for an electrical apparatus according to Claim 9,
wherein the collected silicone fluid is heated to a
temperature of 100°C to 220°C.

11. The deterioration dlagnosis method for silicone

15 fluid used for an electrical apparatus according to Claim 9,
wherein the determination step diagnoses the deterioration
status of the silicone fluid on the basis of comparison
between the analysis of the cyclic compound and a
deterioration threshold level.

20 12. The deterioration diagnosis method for silicone
fluid used for an electrical apparatus according to Claim 9,
wherein the electrical apparatus is one of a transformer, a
reactor, a voltage regulator, a capacitor and a resistor.

13. The deterioration diagnosis method for silicone

25 fluid used for an electrical apparatus according to Claim 9,



reactor, a voltage regulator, a capacitor and a resistor. 13. The
deterioration diagnosis nethod for silicone 25 fluid used for an electrical
apparatus according to Claim9, - 38 wherein the silicone fluid has a flash
poi nt not |ower than 250C and a kinematic viscosity not nore than 55 mm®/s
at 25C

- 38 -

wherein the silicone fluid has a flash point not lower than
250°C and a kinematic viscosity not more than 55 mm?/s at

25°C.



