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SU I1HAR Y

Tbc mni u t.un unc e 0 1' t rnn cI'cr-mcr- s in s er-v i.ce i u Olle
o f t.he mc s t i mpor-t.un t p rourees in tbe I'Le l d 0 1'
d i u Lr i bu ti c n o f e.Lcc t r i c i t y .

'l'ho phy c i c c - vhcm.ica L unur y c i s ur t.hc u i 1 pe rmi Lu
a eOUl} t.ruc i ng o f i.L n uglng bchuv i o ur, ncc c uua r-y
La uc u u r-c nu I'c opcru t i o n concr i Li en" 0 1' Llc cqu ip­
mcut i u uc r-v i ce , TII Lhi cpape r- i n f'or-mut i c n wi l l bc
gi V C /l r m moucur-cmont.c por-f'c rmcd o n 11(100 t.r-n n H­

r( ll"n1<'I' ~ ' dll l ' i rl/:; 1.1.- l a :l!. ;.?tl ,\Ca n : in Uv i Lr.cr I uud,
Oll t. hc 1".T i uLl ieil.y und o n Li mi t.o aJo pLcd ror Lhc c c
cout.r-o.l L» .

'1'1Ic (' lIromaLObl'ulJily 01' L k 111 :::'01 v ou gace c I';CllC­

ru t ed i n Luv t r un s ro rmcr c i n scr-v i c e , pc r-mi t.c t lrc
.tc t.cc t .ic u o r occu r-c d c t.r-c s ucu 01' I'u.i Lur-e ~ no t dc­

I.cctal ,l . ~ b y Lbc pn yui c o - c nc mi cu.l unc.l yui c . 'l'hi u
t.vclu riq uc h1.1:; i ILCl'I;'U:;L'U und i mpr-cved t.hc po oci >
Li Li. Li c u 0 1' uet cc t.i cn u f ubnormu.l i t i e s u L U prc­

Limi nur y ct agc duri ng ccr-vi cc opcr ut i on . ü r i t.c r.i u
:uJop LI..'l:1 1'01' dcc l c i c n ma}r. ill e; a nd pr uc t .ice.I c u oe a
n r-e prL':;L'IILcd .

On-n i t .c- jnon i lodllg 0 1' ga: ;~ ~ mighL bc udopt. cd mai n ­
1 ~' ror- l 1.1 r c;o ~ u r ~;L ,·a ll.:r:ic un i L:;. ue t c c t i on cyut.cmc
I'o J' Hyd r or; en an' u :;eu .iu n vi tac r.lunu , '1'1 11: c xpcr-i cn­
cc s bovn t llal Lhc pr-cci a i on of Lhc r-e uu.I t u e ivc :.;
1.1 Li mi Lcd Lc vc I 0 1' c o n r i ucnc c i n Llc lli ue no:>Lic ::.

rin 1.1l ly llI' U; (li igh I'c l'formancC' I,i q uitl Chrom uLo­
e rap hy) i:: a n~1J LCI~l in t hc di ~r;:1I0:; Li ~ t e c hn i quc
f o r LJlc llc t c r mi na t i o ll of f uran i e compou nd :; e.ivil lG
inl'o rnla Lilln Oll Lln.' uGe 1n e 0 1" papel" i n:;ulat. ion .
'l'hL' c,oa J u r Llli:; dc Lc l' llli nu Li on i 5-1.0 rorcea ~:L Lh .·
r L'ßlll i n illC; lire 0 1' t.hc in ~~ulu Lion . 'rl u :; t c c hn i qu e
Ila :; 1'\."L'n il ll l'od uccl1 i ll ~wj t.:cr ln.t l li . U1 ld LII\." r c ­
~ ;(llL:.; :;e c m Lo hc Jll"omi :;iIIG'

~; L' ywOl'd !~ : II1:mluLinr; o i l , lJGA . III'Le , a ge inc;.
.I i n g no :. Lic mct tlod :;, rnolliLor i llg . Lnl.ll:;l'or mcr .
L'oll l rol pc riodie i Ly . fu r ane .

l ,lN TRODUCT ION

'l'hc U1lul y:;i :. 0 1' Lh.: coo l i ne;/ i n" u l u Li ne oll . u :;
appli cd in Ll"tUl ~t'url1lert;. i 5 now wi tle l y üc cc:pLed ,

'540 1 BADEN

'l'he o i L unu.Lyui s c un g.ivc i n ro r mc.ti c n on Lhc con­
d i Li o n 0 1' t he o i I i t, sc I I' , 0 1' o n t I~ ex.i a t e nc e o f
I'uu.I t u in o tbcr pur-t s 0 1' t be oq ui pmc n t, ( v i ndi ng ,
e ure . e t.c ) .

'I'hc i.nauLut.i on co-or -dinc t i o n 0 1' an e I cc t r -ic u .L di s -
t ri bu t i on u yst.em r-equi r -c o Lnu t oc c b co mponent o f
Lhnt; uyo t.cm c an u.osu r-c u mini mum l e v e l i-c gardi ng t bc
wi l.hut und voj .tuge dur i ng t.hc t otal oer-vi c e u r e , I n
Lhut. c u uc , a n ccccpt.abkc I'u.iLur-c rut.e f r- cLi nbi Li Ly ]
will bo pr-o v.i d c d .

'l'IIL' ueei lll; unu o tncr- pu r-umc Ler-u 0 1' t hc o i I ( hw n. i ­
Ji Ly , pollution wit l! pcr t i c Le u , e t c} u r-e Lhc ao u r-c e
01' u c- cducti o n o f thc v i tho t .end vo.L t uge . 'J'he r-e ro re
t.uo i nu uLn t.i o n co -or-c.inc t .ic n r-cq ui r -e s Lhut cont. r o.l s
0 1' t he o i l ( oi l c ond i t iolJ, d i :;so l vcd ßU:; . c tc )
c bo u.l ü bc per-I'ormed vi th c c cr-t.ai n pcr-i od.i ci ty de­
p~ndinß on:

- Lhc t ype o r cqui pmen t ,
- Lhe t ype 0 1' o pe r-u t .ing cond i ti o n s

[o vc r-vo .ltugc , over-Ioedi ng , c t .cl ,
- lhc cnvi r o nmen t u l eondi l ion :;

( wnter zone pr o t e c Li o n. cte ) .

2 . PHY SICO -CHEMICAL ANAL YSI S OF THE Ol L

CDrlDlTl ON

'rh el' C a re muny t c5t s whic h ('W'I be pc r fo r mcd o n
Llr. o i l:

- eolourjuppcurauce .
- waL er eonteu t .
- b, ' c ak tlu wJI vol Lagc .
- uci tli ly .
- d i e l e ctric di :; :.i pat.ion f udo r / po wel' f a c t oJ' l& 6 .
- i n Lc r f a e i u.l ten:;.lon .

111 Gen eral, Lhc :.;e l e s Ls 1l.:.I.V C Lo loe mud e in a l abora ­
Lo r y with tc5t ine; procedur e " ucco r d i ng Lo l he
s LUllua n l :; . I n t tc 1 u:; t 15 ycar ::; 'ffiOl"C lIon 1' 000 oi l
a nuly"c :; huve been perf ormed in o ur e ompo.ni e :; Oll
po we r . di zLr i bu Li o n aud i n st r ume n t t r nn:. f o r mcr5. 'l'hc
Fic;uJ' C5 I-I, sho..... the mcusure d uuLu. 1'01' Lhc different
parame t.ers. 'l'he upp er nUJilbcr on t he s e rl gu l' cs
c;i vc :. l hc me a ruring r a nge aud Lhc lO'.l c r nUJilbc r rc ­
pr c :;e n t s t h~ qu uIlti t y 01' da t a i n thut range .
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Fig.1 OlL ANALYSIS
WATER CONTENT (pprn)

Fig.2 OlL ANALYSIS
ACIDITY (mg KOH Ig)
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Fig.3 OlL ANALYSIS
BDV 50 Hz (kV)

Fig.4 OlL ANALYSIS
POWER FACTOR (%)

I I cun be s c e n tlo.t 3-5% ur tnc ducu r-cpr-cuen t. c r -i>
t i c e.I vu.Iuc u vhi. c h nr-e outcide t he r ixeu Li mi t s ,
'I'he Pi gur-e u 5-6 shov tWQ cc r-r-e La t i o n s be tve en t bc
d a t.a . 'l' l-e mo s t ui gni r i c en t ob se r-vat i c n .i s LlJaL HO

co r-r-eLa t i on c x i. st 5 b e t.vccn the age i n g 0 1' t re oi L
und t.uc ureuk down vo I tage .
It is r ecommcndcd ta adept u periodicit.y cf 1J La 5
ycur-n 1'01' the s e t.eut c • 'I'ub • 1 d e r d ne e t re e xc e p-'
Lub Le Li mi L 5 1'01' d i s tri b u t i o n und po wer t.r-a nat'or>
mer 5 1'01' di a gno stic pu r-po s c u .
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3. CHROMATOGRAPH IC Ol l ANA lYSES

3 .1 THE DI S S OLVE D GAS ANAL YS ES ( DCA )

P o r ma n y y eu r u t h c c n u Ly s i a of t, he g u oe o u 5
d c c o mp o c i t i o n p ro d ue t 5 o f t hc i n s u l a t i n g
o i 1 ne s b e e n o f importan ce in thc monitorinp;
o f t.r-an st'or-mer s and ct. te r- oil- i n s ul a t e d eleetrical
cq ui.pmen t.. Lt, o r 're r-s t hc only possibility o f at;
l e a st a n i.ndi.r- e c t look i n t o t he normall "y ludden in­
tcri o r 01' a tran crcr mcr . Thi 5 t cchni. que i s be s cd on
t hc o b rcrvut.i on that d i f f e r e nt d e eompo siti on pro­
duets are ~plit off unde r load from thc i nsulating
oi l ( =l~drocarbon s ) . Typical prod ucts are : hyd r ogen .
met tune und other light hydrocarbon s, All t le m com­
ponent. s nr-c e u s eou::; and r-ema'i n normall y d.i a mkved

in t tc oi l. 'l'he ex t .r-cc t i on and thc analysi 5 of t be se
sc ec c i s utunda r-di z e d in tle lEe -standard 567 Ll l ,
vhi c h hu s jus t been published in its r evi sed v er-ni.on .
'I'hc cnscc i.uu .ion 01' t be di f fe r e n t ga se s cxtracted
rr-om t he oil to a n e.Icc t.r -ic cä f a ul t Ls regulated by
L le n:C-st a nda rd 5~9 [ 2J . 'I'hi s rrtandard is an essen­
tial help f or r-ec ogni z i ng inherent faults such a a
bo t; spot s, di fferent k i ndn o f di scbar-ge e, et.c .

Hovevc r-, t ncre i sone p r oblem v hi c h Le ud a oft e n to
d i s aen uion s i n t tc inter pretation of the r esul ts .
Lt i s a xno vn I'ec t that certain amounts 0 1' these

POWER FACTOR
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Fig.5 OlL ANALYSIS
CORRELATION

Fig.6 OlL ANALYSIS
CORRELATION
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Hydro ge ll H, ~OO 2)0
I·le Lhalle Cll ~ 1 00 200
Et.hane C21l(, 100 200
Et.hy l e nl.' C21l1, 150 30 0
Ac c Ly .Lcnc - (,'2112 15 n

J)

CurLJon mo noxi dc CO :-,00 1 000
C U !'l)O fl d i o xi u L' CO, 600u 11000

gas e 5 ur-e d i cuo.l veu i n t he o i I of euch t r un a r or-reer-,
'l 'ni s cpp l i c u 0.1:;0 t.o f aul t-free t .re n s rormer-c e nd
even to t' r-e nhl y i mpr-cgnat.e d one s v hi c h hn ve never
been i n o pe r-o t .io n [3] . Duri ng t.he f i r-nt, ~nrs o f
oper-nt .ion L1e level o f gas conc cn t.r-et.i cn s i s per -'
manentl:! ri~ing, un t il,after a cer tai n time , t lc
Jos s of t .ne ge s e o i 5 i n e q u i Li b r i um vi l.h t.hei r
prcduc t.i on , In u no r -maf , f au l t.-fre e po ver t .run o­
f o rme r t hi u ui tuu t.ion .i s reec bed a f t er ubout; 1
yeur-o o r sc r v i ce . 'I'he emou rrt s of decompo sit.ion
ga s e 5 i n ruu l t e rr- ce devices i 5 still n ma t t.er- of
d.i sc uus i o n , Pr-ne huu ne r- et, al. [4 ] pu blished ccve rnI
du tn c e mpi lu t.ion S o f so c a l l e d "mexic ue udrni s si Ll e "
d ecompo ui t.i on gn :; ccnc c n t rat.i c n o in dif f eren t ki ndu
o r t. r unc rc r mcr-s u nd after different t.i me o o f 0 PCI'U­
t i o nc . 'l'ho uc d u t.u u r e Luce d o n c xpcr.i c nc e o r cx-'
pe r t,s from 1 ~ count r -ic u , " v hi cn doe s no l mcun t.hu l
l ilC:Y n r-c o t't'i c i a I va .luc s for t hat, c o unt r -y ; " Ou r
cxper-i encc a or come t .hou sc nd c 01' d i a sol ved gc c
une.Lycc o g CHcrnlly confirm t, rc rec oremcndu t .ions
g i vcu b::,' llijr, clI Lu rg u nd lIut. :'.c l [ 3 ] ( 'l'aL ,~ ) .

'I'u b Le 3 exhi b i t.s the di ct. r -ibut i o n o f t be ga ueou s
decompo ni li on pr-od uct.o d e t.e c t e d in lhe oi ls o f 3
d i f fe rent munufa c turer :::; a ft e r more l han 2 0 ye nrs

'I'ab . j : Irccorapo c.i t i o n gus c o nc c nt rut .ic nc ( p pm b c v , ]
in vo Lt .cgc t .rc n s rorme r-c 01' d i rrerent, con­
u truct .ionu and f r om d i r rc r c nt mcnu r a c turc r-c
I n b r-uc ke t c : ranßc~ o f cb se rvcd conc .

380 k.VZZO k.VZZO k.V

", B (3-1 0) 4D (6· 100) 10 (4 - 120 )

C", 15 (lZ-I7) as 115- 40) 15 ()-I ZO)

[Z"6 10 (7 - IZ) 50 120· aO) 100 (1·520)

[Z"4 1 11 ) z ( I-l ) '" ( 1-40)

[1HZ < 1 ( - ) <I ( - ) <l ( -)

CO ZOO (140 - Z60) 100 (60 - 140) 400 50-900)

CO, 600 (450-]10) 1900 (\J00 - 2700 1 IZOO (350- 5100)

ace : .,. ZO yea r s .,. ZO yea r s .,. 20 yca rs

UD: , devi r es 3 eev tce s SB

se al i n!): IlZ-cus hi on
o ll -fi ll ed IIZ -f illed
ee re t bell ows ru bber be l lo ws

r=an\lf ilc t ure r ; F A C

o f scrv i c c . Ecpe c i u l Ly i n Lhc casc 0 1' t.hc 38 0 kV
vo t tugc t r un urormcrc i n 'l'eb . ;: v ni c n ur-c uLL 0 .1' t he
:':WIlC t ypc o r d e d gn u nd f r om the numc-mun u t 'cc tu r-er ,
CII.. couccn t r ut i c nc huv c bee il oncc rvod vu r -y i ng rr-cm
., lo l~.' O ppm un d muc h mo r-c i n t.h e c u ue 0 1' C2 11~ .

.... hc r-c u nUlLe I'r-om 1 t.o 520 !ta s be L'1I dc t.cc tcd .
Hove vc .r vc bcLi e vc Lhu t ,, 11 tue oc Jc v iccs nrc elec ­
t.ri cully :vund und will per f o I"lrl !;uLi:::;1'uc to l' il y ,

COllc ent. rll t. ioIl5 i n npm h., vo l ,
3 year~ >1 year~t ime ot' operu t.i ou

Tal " ;': III' !I( 'I ' I LIIlUd 1.:', u r dCt:Olll pO:..; i tloli (~a :..; COl H':C l1 ­

t I'U t. j O I I ~ i n l'uul L- fre e ( puwer ) t.ran~ j'o rmer~

l~: ; a J'unct.i on 0 1' operut i ng li me [ 3 ]

'l'hc:.JC " l i llli l ~; " ::; lLou l ti o nly be r e gartie d 0.5 uppr o xi­
mal. e va l uc ~;, '1'1Ic mo:.;t. r el ialJl e mc l hod f or a s i Cn i ­
r i can l r a u l t. a :..; :.; ignmcnl i~ t lle pe"iod ic cOIlt.r 01 o f
I.hc ga ~~ f o r mu l i o n in t.llc i nGul a t i nG o il :..;, 'l'lIe
o c c UI' u n":f: 01' c hall ßc ~ ill t.he gn:; 1'ormo.Li oll t.ha l
!neUlili . 1'().'L'Xt1mll1c. a :';Ud tiCII i nc r c us e o f OIlt' 0)" mo r e
cOßlpounti~. i :.; i n lJIot>l t:uscs a :.;u r e ind i calion o f a
f a u lt.. Oll l he other hand t.he d i f ferenl t y pe :; or
LI·un:.;l'on nl,.· l· d e~;i {f, 1I mu :.;t. u llio toe l a.lten i u t.o al:couliL.
~: : ;pcc iaj l y lo' hc ll t he o i l 0 1' alJ o n - l ua d Lapchungcr
t:u uununi ca LL':' .., i 1. 11 t.he trall :oformer oil , 111 thi ~ c a:.;c
0 1' cou,':";t' Jj ~;chaq~e 5 u r high L'lle r r.Y J efl ::.ity an.'
~i lllll l ull"\.I, I' i ~l i u..:\. J i rfc rclIcc :,; are ul :.;o oL~crvuLlc

bC t.......:'L' lI e lor.eo unJ o pc n Lr~ u.l hi.Ilß lru.ll ~ formc r ~ .

In 0 PClI \. 1" 111l:,; fo l·me f" ~ n permanent inte rchanec o f t.lIe
ga~L' ~ l' c l wL't.'lI t. llc o i l amI t.he atmosphcrc t.clI.Cli
placc , 'l'h.i :J l L'o.ti:; i n a l'ault-frce t r a o:; fonn c r a f ter
a c c rt.a i ll time t.o a n c q ui l i br i mD bclwecn f o rmn t.i o n
a lld 10:;:: o r t.lle c;ase:::;, JII u c 10sed Lra ns f o rmc r.
Ilo wc ve r, u Ll d c c o mpo si l i o n ga~e:::; vit h the clI.ceptioll
0 1' hy tl ..og'~ Il , v hi c lr c n ll ea~i ly diffuse t.hroue;h lo ht:
ru h her ~cul i flr. . will nc cumulu l c i n t.he course o f
l i me , 'l'lli:..; ha ~ l o hc con :::;iticreli when in t erpre t .i nc;
t.hc I'C :::; I r1 l :~ , Un t.he o l he r hand u e lo~:ctl :Jy ~ t.em

mnk e :~ t he d i uCIIOlii ~ o f u nc wl y n.ri~inG f nul l Lc­
cau ~;e 0 1' lbc hi e h busi t: l c ve l s very dil' l' icu l l,
Fort. u nu t.cl y in o u r al'eu of work only ve r y f ew Jc­
vi ce ~ o f t. lu!l lype ure i n operat ion .

NuL Lht' l c ~; :: I.:olnl'l il.:u l.c u i :J t.llc :.;i l.ual.i on 1'0 1' Llu.:
i lls t.rullll.' nt. t. rull~: ['u rßle r s , 1n r e c c n t. yenrs in u
~e ril?:'; o r more t.hnll 300 di~solved ea~ unalyse :; from
in :.:.l ,·u mc nL t.rlH l !:l'ormcrs 0 1' di ffere nt type :::; , d C5ir;n o
a mi mUll ll rnt:I, lI r' c r ~: wc lJa ve not bee il a blc l o di:.; c ov c r
a cClm: j ~ t.C ll l. uehnviour. So me o f our ou:::;crvation :::;
arc i l1u ~ lral eti in l be 'l'ub lc:..; 3 unJ )1 .

C , A

", 60 (ZO- 140) 40 (HOl '" (40-3Z0)

CIl4
5 (3-7) 5 ( 1-10) , I"")

C
ZH6

15 (3-20) , (HI , 11 -31

CZIl4 1 11) 1 (0 · ') 5 I H O}

Cz"Z <I ( - ) < I I - } 3 (0 - 14 )

CO 160 ( 130- 160) 100 ( 10- 300 ) '00 (90-5 40)

CO, '" ( 130- 500 ) ,"0 (90-Z 40) BOO (~DO- 150 0 )

dge : 10- ZO yea rs 10- Z0 yedr s ) ZO yeil rS

110 : 7 dev lc e s 15 devices IZ dev ices

Seil1in!!: oll - fi l1 ed o il- f i lled o i l- f i lled
llII!tal be llo,",s meldl-t>ellow s meta 1 be Il ows

° C C

", 10 (3 - 11) " ( 15-1 9) I (Z· IO)

eH, B (3 -2 0) , IZ-3) 50 (3-1 50 )

CZHfi 5 (Z-II ) I 111 400 ( ' -9 00 ,

C
Z
H4

, ( I-fi l I 111 '" ( 1- 40)

CZI!Z < 1 ( - ) < I - < I ( -)

CO ZOll (60-440 I 100 nO - lsol 500 ( 140- 700)

CO, 600(300-IZOO) 70 ( 50-BO) 1500 (5 00- 5000 )

dge : .,. ZO years 10 yea rs ) ZO yeilrs

flo : 16 device s 3 dev ices 33 devl ce s

se a li nq; o il -fil1ed o i l - f l1 l ed 11 -f ill ed
rubber-be I lows meld l -be ll ow r~bber be Ilows

'ral>. 11 : Decompo s i t i on ea~ t:o nccnl l' at. ioll:J in t:omLi­
nc J ßlen:.our.ing lrn n :;f o n IlCIO::; (C'l' + v'r ) 220 k V
f r om di f feren t mauu f a c lu r c l' :::; (A . O,C.Il ,l:: )
u nd 0 1' di f f e re nt. dC:ÜßlI , In bracke t.:. :
rauee s 0 1' o b :.>c r ve d cOlLcellt rat ionl::.

More o r l~~:; :nrni lu l' i 5 thc s i t.ullt. ion ol.lscrveo.l i n
11 :::;e rie r. of 06 combined 2 2 0 kV -m~llsurinß t rum:­
r ormers( c 'r + V'l'} in 'l'ab lc 11 , 'fll c :.;e t.ran :::;for mer5 u r e
from 5 lIi I' l'erent lllun u 1'uc Lu r cr s nud 0 1' d i f ferCIlt.
lies i I!;n :; reßurLii nß t he ~C'ul il\e. UnLi e! 'st.nlldnbl e are
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in some c a s c s t bc high hydro g en con t.en t s i n thc de ­
ViC C5 vhi c h a r-c sca.Led b y met a L beLl.ovs c ompu r e d t o
tloDe se a l cd b y rubber bel l ows . Tt is not possible
La e xp.La i n , uov evcr , t he Lar-go vnr-i at i onn 0 1' t.he
e t.hu ne concen t.rut .i.on c in. L Ic cd Lo 0 1' t.Iie s e dcv i c c s .
wben np p.Lyi.ng t.hc n :c-guidc 59 9 [ 21 one vouLd ur-gu e
u t he r ma l fau lt in the t-aug e 1 5 U a'C - 3 0 0 "c. He da
110 t ue Li c ve t hut. t hi u 1 5 t rue . In o ui- op i nion t hc ue
.in a t.r-ument. t run s ro r -mer o ur-c al so in 11 s ut.i. a rcc t.o r-y
coud i t .io n. 'l'hi u ut u u c me n t. , v h i c h ut r'i rut uppcar s

unus ua l, La con Li rm cd in tlc 1'e 5u1 1.5 g.iv cn in 'I'a b . 5

ppm runqc

"z J - 9

Cll4
50 37- 56

CZHfi ZJO 150- 31\ 0

[2 11'1 12 ]n- l Z

C
211Z

CO 150 110- 180

COZ
620 460-72 0

'ruh . :i : Dccompo ni t.i on ga:.; conccn t.r-nt i.onc i n comhi »

n cd mcu cu r-i ng t .r-cn uror-mer s (er + vr) 22 0 kV
sealcd b y Nz - fi lle d rubber bel l o y s . . Bc twc en
2 0 u nd 3 0 y ear-r: o ld , n ever heen in ser viee
r·lt..l.llu1'a c t u re r C a" i n 'r a u . )1. 'l'lw::ie Jata a r e
no t i nc luded i n 'I'ub. )1 .

In thc.t tab l c thc DG1\- re ~; ult ::i are l i s t c d f r om 11 dc­
vi r.:: c s 0 1' t he same age and de:,;ign und f' r om the same
l1J:.l.nu f a cturcr. 'l' hey huve n ever bt: en in operation .
'l'h ere i s no sieni f icant di f f e renec to t. he c o r r e ::;­
pondi ng t ypes o f 'r a ble h. Yhieh in t he contrast t o
t hese 11 oujects have becn i n se r vice 1'01' more t han
2 0 y ear :; .

'J'b:~ sc obse r vat ions ment i oned abovc muk e t hc di u­
gno~;i:::; ver)' difficult. '1'0 c on s ider c ll t hese pe­
c u l iuri Li e s i n a ßcne r al gu i dcline mölke s the plan­
lied r evi ~ü on 0 1' t llQ l EG- standard 599 [ 2] complex .
On tbc olhe r ha nd t he se e xamples demon:::;trate t ha t
a n individual jud gmen t o f the DGA r e sult s i s s t ill
nec c::; ::-ary n uu cnnnot be replaced by an a u toma t ie
IIlc ellanism.

3 .2 TUE IIPLC ANALYSES OF THE INSULA'rING OlL

1t i :::; knowll t lm.t no t o nl y d c e ompo si. ti on product s
d eri v i u g from t he i n !ll lat i llg o i l a r e o b s e r v e d
hu t u l:>o p roduc 1.s "'l u ch a r e tbe r e sul ts 01' tlc
d e gradati on 0 1' the solid insulati on, i . e. tlc
cellulo~e . During natural ngei n g of t he cell ulo s e
rnai nl y e a rbon dixi d e ( COz) is p r oduccd and i n
l ower a lflount 5 o..lso curbon monoxide ( CO) . 1\ C02!CO­
rat io in tue rang e 7 indiea t c:::; n ormal paper ageing.
An anornalou5 paper d egr a dat i o n prod uce s s igni fi ­
canll)" l oy e r Cü dCO- rutios . On t h e othe r hand the

o x i d e s o f car bo n arc 0.1 :::;0 produc e d by a general
oxidation c f thc iu sula ting oil , ",hen in di rect
eontac t. with ai r. 'l' lJat me a n s timt they ure n ot a
d e finitiv e i ndi cat i o n 01' t he decomposition o f paper
wi 1.11 t. be applieati ou o f thc llP LC i n unalyzing t he
l nsu l a t i ng cil, however , i t is pos~üble t o d c t.cct
inu i catl on-s 0 1' an a uoma lou s pa per dcgradat.ion [ S]
I"u ru ni r.:: ..:omp ou nds s uc h us:

- ) - hyd roy. :,.me thyl- 2- f u r fura l
2-f u r f u ryl a l coho l

- 2 - f u r f u r u l
- 2 - acc t yl f uru u

5- met lwl - 2 - [ u r f u r ul
ure f onned hy a noma lous agei ng of c c l l ulose . I f
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tbc se compou ndu urc d e t.ec t.cd in t.be o i I 01' u t.r-an 2"""

rorme r- o r- un ö t her- o.i L'-pcper- i.n suLut.e d e Lc c ur i cc.l
d evicß it i o5 a s i gniri cant indicuti on f or a no malous
puper d e dra d u ti on . A new IEC -docume n t [6] gi ves in­
e t.ruct .i on c ror t. ha.t k i nd 0 1' o il c na.Ly ui s. A et ut. ue
r-epo r t 0 1' t lie vork d on c in tue CIG RE HG 1 5-01 'l'ask
Force 03 , whi c h .i s dee.Li n g v i t.h t hi s p r-ob.Lcm, i s
g i v cn by dc Pablo e t a 1. [7 J d uri ng tlri s con I'cr- e n c e .
I n our- c cmpc n i c o t bi c t.cc un i q u c i s cppj i e d i n t hc
mon i t.or i ur; o r c .Lec t. r -ic equi pmc n t. c i t.her- v bcn Lhe r-e
ur- e i nd.i c u t .i.ons I'r- om t.uc DGA e r uncmu.Loua pu pcr- d c ­

Gradat i o n uecausc 0 1' i.nuauuk DJ11011 nt~ 0 1' r ut .ioo 0 1'
Lhc curt.ou o x .i d c u 0 1' vncu u h i g h Lcmp cra t.u rc i c

i nd i c u t c d , t.o bo uu r c t. hu t, 110 pn pcr- i nuiIu t i o n i~;

involved .

ü i nc c 1.' <." u t u rtcd DU '· uc Li v i :.i c :..; i n tni c ri eld nbo u t
oi x ycar-u ago covcr-a L humlr-od lü'Lc-unu.l yo c c o r t.uc
o i Lu o f d i I'f'e r- c nL c Lec t ri cu.L e q u i pmcn t; huv c b c e n

medc in ou r Luuor-a t.o i-y. I n cont ruat t o L lc DGA
vbcrc c.t vcys ccr t a i n ba:::;eouC, o i L dccompo ui t.i on p ro­
duc t u u u t hc r-c uu Lt, of thc natura l a gei n g u r-e de ­
t.cc t.u b Le , t.h e Hr' Lc - un e I y s e c c x ui bi t, o nly in t.he
mout c xc cpt i o nc l cacc u a pc ai Li vc re s u Lt. . 'l'la u i n
i n I' ac t Oll e 0 1' t he mo nt d.i ut i nct ö.i r r cr- cnc ou c om­

pur-cu ·..i Lh Lhc DCA : o u l y in tlro c c cas c s v hen a real
papc r d c t.e r i o r-a t i o n t.cu o cc urcd will o nc be a bl e La
d e t ec t fu rani e compcund s in tnc oi l. Mu.i n.Ly .... 12'

r aun d i n :.uc ll co.~c :::; Lbe c omjlo ull d 2 - f u )' l'u r a l buL
o nl )' i ll v e r)' l ow cOIH;cn Lr u t i o n :..; , LlJat me ulJ s in tbe
10 1.' ppm r an ß e. Same 0 1' t l1e ot he r compo und:..; wlu c h
a r e menL i on ed ubove ha·,' e been p resc nt. a s t rac cs
on l :.' . So only iu f OUl" c a~e ~ hu ve 2 - f u r r ur a l a nd
tra c e s o f 5-h ,)dro x:'i!lIe tll y.l- 2 - f urfural a nti. 5- mcth yl­
2- f u f ur a l ue c u f oun d . I n auout 60 IlPLC-unalys c s o f
i ns t.r ument t r unsfor mcr oil~ we have no t bee il a ble
t o dc tect any f ur i!.nir.:: c ompounds at t h c d c t c eLi on
l i mit o f 0 ,1 ppm (i.e . ll1ß/kg) , even in cases whc r e
the DCA yi eld ed hiGh conccn t r a t i on s a nd/o r u nu:.iuul
COzICO-rntio ~ c .g . 1 to 3.

4 . FREQUEN CY OF THE Ol l TE ST S

I n e o-o pcration lo'itlJ o t he r s ....is ~ c lec t r i cul poYer
u t ili tic :3 und d u r i ng thc pa::it 30 years thc 1"0110 '0.'­
infJ fr cquenc y o l" o i l c heck::> Im So bcen tc:> t cu an d

e~tuuli shed . Es s en t.i ull y Du r c.xper iences are in
in a ccordanc e wi th the reconunendation s g i ven i n t he
TEC- s t andard 11 22 [8].

11 .1 PüI-lER TRANSF ORJ.l.ER S

~!I9_~~

A complete ex ami n a t ion 0 1' t he oil ( p by sico-c he micu J
p r op e rti e :> , DGA) is ma de a rt e l' energi zing a n d t.h en
at four- to f i vc- )enr intcrvul::; .

U SJ.ull y these tran sfo r me rs are c he cked o n a rand om
basis , about cvery t cn years (phy ~ico-c hemical

prop e rt i es , DCA)

Cener al

I f any of the o i l t.csts , r eßurdle sG o f tre equ i p­
men t voltngc. yi cld s ~spiciou :; r esults , t hc ti lne

peri od betwce n furt lJcr t e s t s i s reduced . On the
ot her hand , e ven :::;u eh t r a nsfo r me r s .nth l o ....c r vo l ­
tugcs ttl1l.Il 17 0 k V h ut Yhi ch a r e s i Luat ed in a
s t r a tegi c a l l y im portun t p lace or functi on ure a lso
exumined at shorter i nter v a l ls , as r eq u i r e d.
Additionally it is o ur prac tice to e x umi n e the oil
o f l a r gc power tra.ns fo r mer s e:::;peeially thosc i n the
nuclear p ower s t at ion s every year. Tlu :; i s d one u
:::;u f f i cient l ength 0 1' t i me b e f ore the annual r e-
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fueling break, so t.hnt nny necessnry acti ons cnn
tbcn be carried out. .

1;. 2 I ß STRID-ID IT TRAIlSFORr4ERS

Decause af tbc large number of instrument t r an s­
f ormers in se r vice i t. ~ould be very expensi ve ta
c heck n.l1 devi ces by rout i ne oi.J, exa:ni nntions. In a
~e11-proven proc edure we se1ect from euc h production
series 3 t.a 6 i ndi vi dual devices vhich are checked
r-egu .Iur Ly , ta r epr-eoe nt the vho.Le se r .ie u , f'hi s
works weIl fo r all inst rument tra nsformers >17 0 kV.
Suc h a r ou ti ne exami nation include s

- tbe pbysico- c he mic ul pr oper-ti.e s ,
- tbe DGA, und recently also
- the lIPLC - cnuj.yai s .

'f hi 5 exami nat.i on i 5 gener nl l y per ro rmcd eve ry 10
y.eurs. 11' nny su spi c i ous obaer-vet.icn s a r-e made , t ~

tlmc per-i od bet.ceen t.be t e s t s . is r-ed uc ed , Gur ex­
per-I cnc c wi t h thi 5 proc edur e ha.s ue en pc ai t i ve.

Our ing the last t wenty yca r s only 3 fnilurc s beye
cccur ed , whereby one of t hem wa s c au ~d by n di r cc t
light ni ng s tr-i k c .

5. flOtHTORlilG OF TRANSFORI·IERS IN PRACTICE

coe f f i ci e nts given in I EC 561 [1] gave vn.lues of
about 1 00 %. Particularl y the con t i ne ou s incrense
of COz in all 3 single phase t ransformers (?ig . 8)
i ndicat ed an over srturutdcn vhi ch would unquestion­
ably l e sd ta a Bucholz-ularm . The 3 oils 'Were
ex ami ned by HPLC-analyse s to be sure that this
unusual i ncrease in COz - contents is not t he result
of a n nnomalous paper de gradati on . For t unalely no
fUranic compoun ds could be de t e ct ed 'Whic h cxcl uded
an anomaleus paper d egrad a t i on . As a co nsequence
of theze observations . oi l degassing 'Was carri ed
out dur ing t he next plnnned outage.

In spi t e of all the s e di f f iculti e s t hi s 100 0 ",VA
transformer gr oup i5 Gtill in op er at ion tharuts t a
the vnrious oi l examino.ti ons .

On the ethe r hand 11 instrument trunsf ormers have
been taken out of service d uring t he pa s t 20 ye nrs
ns n rcsult of oi l ex~nation 5: 6 be ca us e of
alarming re~ults of the DCA und another 5 beca use
o f er iti cal dissi pation ruct.or s . As a r esult ef
our ac t i on ye have been a ble t a limi t t he number
of f aul t s t o on l y 3 during t he s ame period o f t i me ,
whereb y one YQ.S caused by II di rec t lightoing strike.

Among tl~se e nse s where t he monitoring o f t r ansfa r ­
mers by exumina t ian of the insula t ing oil was nble
t a p revent a f aul t during service t he exnmple o f
the fal lowi ng 1000 ~NA trunsfor mer grou p in n nu­
c ~ enr power plant i.u very imp ressive . 'l'he s t r ong
r -r se o f t.ne et hylene content in the oil 01' one po l e
(pnao e H) of tha t t.runurormer- after thc I'Lr-ub year
o f oer-vl c e i ndico.tcd 0. hot spot [F'i g , 7 ). 'l'he fault
neu bee n found in Dome met nl pa r t S vhi c h ver-c

heo.ted uy eddy c ur-r-e nt a. After el iminati on of t hi u
fault the tc-un s former oper nt.ed ror- 6 ;)ellrs vi t tout
pr obl em. Then n anlden c c nt ent ege.i.n .ind i c u bed a hot
spo t . 'l' lie simul taneou n i nc r-ee se of t re uc et; )dene
content i ndicat ed t li s t i lne e much hi g ber- t empera­
t ure faul t . Sever nl at t empt s t o loca t e the ha t spot
I'r-o ra out d dc Ju.i Led . Therefore t he t.r-cnc rc rmcr- va 5
op ened during t he regular re f'uclin g out a ge o f thc
powe r plant and a nea r l y molten groun di ng c onnecti on
was detceted. This fnult wo\Ü.d hnv e l ea d vith cer ­
tRinty to a fnilure wi thin a short per i od of time .
The paor contac t coul d ea si l y be elimi nated und t te
trnnsf ormer wen t back i nt o service /lfter t te r egular
out a ge wi t hout any probl em.

A few yenrs I nt er the 5nme t r a n sforlller gr oup ngai n
causcd problem ~. 'l'hc content 01' carbon di oxi d e ro se
ta vnlue5 whi ch wcr e ullu sunlly high . 'l'llc c ul culnt ion
01' t he total ga s snturlltion.u :ing t.hc sol u bi 1i t y

U ... . . •.l

CO
2

-CONT ENT (ppm) as fun ct i on of t i meFig . 8

An n further activi ty in transformer monitoring n
f c w nelect ed de vi ces ~ave been eq uipped vith a
Tefl on probe f or on- s1 t e mea surements of the h~o­

gen content vith n comercinlly nvailnble de vice .
The di cudvur rtagc of t his i nstrwnent is t hnt one
ean only detect t he h~rogcn content di ssolvcd in
t he o i1. Ot her dccomposition pr-oduct.s , bovever- ur-e
not i ndicated. The agreement of the hyd roge n •
c onte nts measured with thi s detector comparcd vith
thos e det ermined ·b y t he c Laa ni cn.L I EC-mctltod Ls
l i mi t ed. Thi s is mainly 8 result of thc loy hydro­
ge n c ont ents in the t rans for mer s t e ste d . The t r ue
vnlue s are in the range bctween 1 0 and 20 ppm.
Suc h 1 0,,", hydr oge n cont er rts n r-e at t he limit of the
mensuri og ac curacy. -

It. i s planed . howevel:, t o continue t hese ac tivities
nnd t o furt her improve the r e sul ts .

Both . physico- c hemical and c hroma t ogr aphi e an nlyses
(DGA nnd IIPLC) of in uula ti ng oil s are nn e t:le ntia1
help in the moni t ori ng of trnn~former5 and othe r
oil-insulnted clec tri c nl equi pmen t.

In r e lation ta the large number of devices which
ur-e supc r vi sed by our c oe pcrde s t.hi s mny be r e­
ga r ded ns a ~ucce ~ s .
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Thc succe sses c f t he technique s nppli ed confi rm
the inves ted e ffort s ensur i ng r elinble elec trcnl
supp l ies . An improvement of t hc on-si te and
on-line moni tori ng devices, howcvcr, youl d be
desi r a bl c for t hc future.
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RESUME
La muio tenance de s transformnt eurs eo servic e est
un de s problemes importnnt s dans l e domnine de la
production d ' e lectricite .

LI Oon u.ly ~ pbyui co -chimique de l ' hu.iLe permet de
suivre l ' evolut i on ;iei l lissement de l 'huile, gage
du bon f onct i onnement de L' eppare.i L. On prfisent er-a
une stati s t i que des resultats dc mesu re accumu lees
en Sui s sc depuis 20 nns sur 4000 nppareils ni nsi
que La periodici tc et les limi t e s adcpt.Se s pour
ces contröles .

L'uppli cat ion de I' analyse par chromat ographie
go zcuse des gaz disGOu s , farmee s dan s l e trnn sfor ­
mnteur en scrvice, a permis de de c el er de s con­
trnintes que les met hodes men tionnees precedemment
oe met t ent pas eo evidcnce . Cette methode a acc r u
et affine l e s possibilites de det ection de defauts
a leur naissnnee ou eo co urs d ' expl oi t a t i on . On
presentcr a iei leG criteres adoptes pour I n prise
dc decisions ains i que des cxemples t i res de In
pra t ique .

La survei l l a nce eo co nti nu a pris de l'importnnc e
pour ce qui cencerne l es grasses unites ou cer­
tnines nutres uni tes d ' i mportance st r ategique .
De s apparei ls de de t ec ti on permettnnt de dose r Hz
so nt uti li ses en Suisse. L' experi ence montre que
l a pr eci si on des resul tats ne pe r met pas de
donn er un diagnostiqu e sür .

Fina.J.ement , nous pr esente ron a 10. nouve.Ll.e a ppl i ­
cOotion de I n chrom atographie l i qui de pour daser le
vi cdLl.i s ueme nt du pap.i e r . Ln finalitc etnn t pre­
voir l a rin dc la vi e de l 'isolat ion , pnr t nnt de
celle du t r a nsfor mateur . Cette t ec hni que e st de ja
ut i lisee en Sui s s e et Le s r e su l t at s semblent
prornet t eurs .


