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ABSTRACT 
The partial discharge (I'D) aeasureinei~ts on powcr transfortncrs arc studied with IZ view to- 
ward discrimination and claasificatioii of diffcrcirt discliargc sonrccs. For this purposc digital 
analysis is applied to power transformers and renctois going through acceptance testing. Fur- 
thermore, based OH these measurements, PU databases havc been developed to support thc 
discharge evaluation during iiiduced voltage tests of transformers. Using this technique, a 
clear distinction is possible betwecn iransforiiwrs showing diffcrcnt discharge behavior. 

1 INTRODUCTION 
T is known that bawd on 1 h induced voltage test of a power trans- I former, important conclusions are made regarding iiisulatiai condi- 

tions of tlic tcst object. I t  is also known that such HV apparatus is not 
discharge free. On the contrary, a ccrtain lcvcl of discharges 4 f l O  pC is 
allowed, and most interprcta tion of tlip measuring results depends OH 

the subjective opinion uf tcst ciigiticcrs. Uasically during aii induccd 
kcst two typcs of discharges may OCCIII': discharges rclatcd to the s c t ~ p  
(floating HV electrodes or connections, ungrounded parts, etc.) and I P U  
related to intcrnal souiws in thc iiiwhtion of a test object. 

Due to the fact that tcstiiig power transformers with rated powcc of 
2200 MVA requests quite large tcst arcas with tcst facilities to 1 IdV 
even very careid laboratory handling cannot exclude the first iype of 
discharges, Searching for discharge Soiirccs and their location within 
the setup beforc starting induced voltage test in swh laboratories may 
bc time-conainiing. Moreover during enhanccd voltagc lcvcl some dis- 
charges maycbc incitcd first at the higher voltage Icvd  It is thcrcfnrc of 
importance to compare the PD pattern buforc, during and after this pe- 
riod (see Figure l). With the advent of digital prnccssing (see Figure 2), 
thc task of data acquisition and evaluation now can be pcrfnrmed effi- 
cicntly [l-41. In particular the time behavior of IPU patterns, as well PD 
pattern discriminatioii and classification with regard to the location of 
thc intcrnal and cxteriial discharge sourcescan bc supportpd. The main 
goal of this study was to inwstigatc thc possibilities of digital process- 
ing to support PD pattern recognition during induced voltage tests 01 
large power Lransformcrs, 

un enhanced vtlltxge level 
d .roo] ,, 

177t f i  

7200 cycles 

t 1- l h  

Figure 1, The time curve nf tcst stiltage during induced vnltagc tcst. 

2 PD PATTERNS OF TEST 
SETUP 

Several realistic problems were created artificially in the sctup and 
thc patterns wcrc studied using a digital V D  aiialy7cr (TFAS-D) [2]. 
HCIT two cxamplcs will be discussed in detail, dnd  coiiiparcd to other 
problems. In Figure 3 two PD patterns are shown. One obtained froin an 
aluminiiin rod exteiidiiig from a HV sphere on an aittotransforiiicr and 
the other one obtained of discharges occurring 011 a ketal ring from 
a cotton strap extending froiii a HV sphcrc. It iollows Irom this Fig- 
ure that both sources are characteriiud by siiiiilar sliaye of PI)  pattcrns 
unless there are eiiorinoiis diffeereuce in thc PD amplitude, which arc 
located at differcut pliasc positions of the powcr froqncncy. To discrim- 
inate befweeii these two setup faults and other similar yroblcins which 
arc yuitc rcalistic for largc. laburatorits, fractal aiialysis can bc applied 
{3]. hi Pigtirc 4 an cvaniplc is shown of this analysis. It fnllorvs from 
this Pigurc that such a discrimination tool providcs distinction between 
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diffcrcnt groups of dcfccts 

'I, defect 3 w .  defect 4, 
2. defects 1 and 5 US. dcfcct 4, 
3. defect 1 and 5 us. defect 3, 
4. dc. 

Figure 2. Offdlinc Pu analysis of powcr trausbrmncrs: (Icft) photograph 
of 370 MVA m t o  trm.forn~cr iiiidcr tcst, (right) schematic diagram ut 
coiircutioml PO measuring system coniposed of a multi-chaiunel ['U an- 
alyzer and coiipling dei:ices each connected to HV bushing nieasuring 
screens of the test object. 

Figure 3. Example of lIn((li, (I) PD pattcrii as obscrvcd (top) at 100 kV 
te5t roltagc ai1 an ahmiuuin rod cxicndiug tiom thc f l V  sphere uf a 
370 MVA Au tu-ltansformer, (bottom) at 600 kV on a metal ring form a 
cotton strati which w a s  left in the sphere and extellding from i t  on the top 
of a 35 MVA rcartor, 

Figure 4. Result II[ fractal atralysis as applied to six different artilicially 
madc in a sctup discharge soiirccs. 1: mctal ring with a cotton strap cx- 
tending from the ~ ~ s p l r e r e ,  2: floating object near the test sample, 3: float- 
iiig shielding electrode, 4 no shielding electrodes on the test object, and 5 :  
a i l  aluminum rod extending from the II\! sphere. 

The fact that 110 distinction is pussiblc bctrvceii defect I (metal ring 
extending form the HV sphere) and defect 5 (metal rod extending from 
HV sphcrc) can bc explain by the fact that unless different soiircrs in 
both c a m  thc samp type of defect \vas mentioned: sharp point on tlic 
HV electrode, 

3 REGULAR PD PATTERNS IN 
LARGE POWER 

TRANSFORMERS 
It is known from transformer tests that during an induced test R cer- 

tain PD lcvcl is y c r m i t t d  In particular thc PD patteriis which may 
occur during this test are analyzed as a function ot'tinie and the behav- 
ior of thc magnitude is nbscrvcd cnrcfully with regard to their origin 
(sec Figure 5). In addition, diffcrcnt PU distributim can also be pro- 
ccsscd to dcscribc fhc PD patfcms. In thc following a fcw typical 1'U 
pattcriis arc shown, which wcrc observed on objects without any insu- 
lation problems (see Figures 6 108). A single PU pttcrn,  as rcprcscntcd 
by different statistical distributions, can be processed by special tools to 
cxtract the characteristic propcrtics [2 ] .  To discriiniiiatc bctwccii scrics 
oi such fiiigcrprints statistical processing can be applicd. 

.#I ..................................................................... 

Figure 5. Typical example of I'D qiimtities q,,ic,.:e:(i) and Ar,I(t) as ob- 
scrvcd at 1.7U,, during 40 inin induced test of i l 4 7  MVA 3-phase trans- 
forincr. 

Yollsge 
214 kV 

Figure 6. TJFpical example of phasc-resolvcd distribuliuns as obscrvcd 
during 2 min induced test of ii 47 MVA 3-pliase transformer. 

In Pigurc 9 an example of comparison to other samples of p o w *  
transformers is shnwn. Most of thc samples with 90% rccoguition were 
characterized by the fact that no problems or irrcgularitics were ub- 
scrvcd during induced voltage level {exception has to be madc in the 
c a w  of 55 MVA reactor and 203 MVA transformer, scc next Soction). 11 
follows from this classification diagram that thc dischargcs obwrved iu 
this particular 47 MVA 3-phase transformers arc similar'with probabil- 
ity of > W Y J  to other test objects which were in good condition. This 
result is rcasoiiablc, since at1 these transformers were accepted aftcr 
induced voitagc test. 
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Figure 7. ljrpical cxamplc of I'D iiiteiisity distribution U ( q )  2s ub- 
served during 2 min lust of objects in good co~tditinn; 47 hlVA 3 yhasc 
!ranshiner. 

1 P 5  
11w 

Figure 8. 'I'yyical example oi H,*(($, q)  I'D pnttcrn a5 obscrvcd fur a 
transformer in good condition; a 370 MVA autotransformcr. 'I'his pattern 
was also ubwrrwd during the eithaiiccd voltage lcvcl tcst as wcll as aftcl' 
111 voltage testnt 1.771,,. 

Snlcdsd Fleld 

Desnlpt  ianr: 
776 MVA X-lrhase tranafroror 

100 MVA 3-phase rorrctur 
47 MVA 3-phaso t ransforw 

370 MUA ado-trarlaformer no. I 
378 MYA autu-lrmlsformnr no.2 

1200 MUn Irarlsformsr 
55 MVA rendar no. 2 
55 MVA ruaclur tin. I 
203 MYA tronsformor 

POWER TRAMSFORMLRS V. 1.0 

Figure 9. Recognition by a comyiilcr-aidcd data bank 'I'ower Trails- 
formers v1,O'of ~~iipatteriis as obscrvcd lor n 47 M\JA 3-phase transformer 
in a good shape. Typical is the ovcrlap in  thc rccognitioii with other test 
samples also showing rcgulnr PD patterns. 

4 IRREGULAR PD PATTERNS IN 
LARGE POWER 

TRANSFORM E RS 
Io tho following, two examples will be discusscd whcrc additional 

discharges wcrcobserved (1) a h  enhanccd voltagc level of discharges 
in the coiinectors of a 370 autotransformcr, (2) internal dischargcs 011 a 
darnaged screeii iiisidli a 55 MVA rcwtw. It follnws from Figuw 10 that 
in contrast to IQire 8 the PD pattern has becn cbaugcd pormamit ly  
dnc to iucrcascd voltage strcss. In Figlire 11 an  intcrcsting cxamplc is 
shown, whew thc presence (cases 3 and 4) and tlic absciiw (cases 1, 
2 aiid 5 )  of a particular defect are visible by fractal analysis plotting. 
In particular the fractal analysis shows that the iiiccphn of sctiip dis- 
clinrgcs as wcl l  as the effect of removing thc d i s c h a r p  source (see 
Figure 12) can be obscrvcd in the bcllavior of fractal paramctrrs. As 
shown in this cxamplc, thc additional information as obtahcd from 
fractal analysis can support the decision process during IPU tcstiiig ciid 

evaluation of measuring results. 

A I  

Figure 10. H)i(d, 4)  ['[)pnttcrn asobscrvedbefore(n),during (b)and 
after (c) enhanced rd t agc  lewl of a 370 MVA autotr,uiisformcr. 

PYIM.8, 
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Figure 11. Result nf iractal analysis as applied to six PD tcsis of a 
370 MVA autotransformcr. 1 and 2: rcgiilar PD pattern bctorc cnl~aiiced 
voltage Icvel, 3 irregular PU pattcrn diiriiig d a n c e d  volhgc lwcl (igni- 
tion of dischargcs in thcsetup), 4: rD tcst after cnhaiiccd voltage level ([lis- 
charges in the setlip), 5 and 6: PD tcst nftcr rciniiving of discharge source. 

In Figiirc 13 the PD iritctisity is shown from an  induced test of a 
55 MVA reactor containing intcimal dischargcs 011 il damaged screen, In 
Figtiw 14 thc pliasc-rcsolvcd 3D distribution is shnwn. As compared 
to 1'1) pattcrns from Section 3 i t  is evident that discharges, caused by 
spcrific faults likc n damaged screen, are cliaracterizcd by specific pat- 

Dih&l,lO., 

n,--l a 
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Figure 12. H,t ($ ,  q )  PD pattern nf a 37U MVA autotransformer ob- 
served after enhanced voltage level, and a h  icmoviug the I'D source in 
tlw setup which was ignitcd during enhanced voltage lcvcl, see Figures 10 
and 11, 

19S58 

14744 

Hlol - .- 
(numbor) '"" 

4915 

. 
Figura 13. I'D iiitciisily distribution 11(q) as ubscrved within 2 inin 

for 2 5 5  MVA rcactur cuntaining dischargcs on a daniaged screcw insidc 
the test objecks. 

toms. To dcscribe these diffcrcnccs visual comparisoii of PU patterns or 
iiuincric classification tools can be used (see Figure 25). Experience has 
been obtaincd during application of the following discrimination twh- 
niques: fractal analysis which is applied to cvaliiate the 3 dimeiisioiinl 
piiasc rcsolvcd PD patterns; and trcc structure which is bascd on group 
average analysis. 

Figure 14. Ifn($. q )  IV pittcrn as ubscrved after enlianccd vultagc 
level of a 55 ML'A rcactm containing I ' D  on a dainagcd scrccii inside the 
tcst object, 

To evaluate a largc! number of fingerprints obtained for several diffcr- 
ent PD sources or different types of transformcrs, or to investigatc tht. 
clustering of the measuring results in urdcr to discriminate betwwn 
different discharges the 2nd nicthod (trce structure) is snitable. 

To iiivcstigatc the differences bctwccn different PD nicasurciiicnts nr 
discharge soiirces as obtaincd for the same typc of transformer, the first 

Salectsd FlaW: 
POWER TRAMSFORMERE v. 1.0 

Llescriptlan&: 0 
203 MVA Ivanrlwmsr I 
55 MVA reactor no. 2 

55 MVA reactor no. 1 
7?5 MYA 3-phase tmnsfromer 

100 MVA O-phasa readm I l l  

1200 MVn transformer 1 1 1  
47 MVA 3-phnae tcsndormcr I l l  

L I I  
I l l  

370 MVA nutblransfaraaer no. I 
370 MVA auto-transformnr ns.2 

I l l  
1 1 1  

Figure 15. llccupilitioii by a computer-idcd data bank 'l'orvcr Trans- 
formers v.1.0' of i'u patterns as observpd for a 55 MVA rcactor containing 
1'1) on a dainagcd scrcen insidc thc tcst object. In contrast to Yigurc 10 
no resemblance was oliservcd to other tests objccts showing regdar PD 
patterns, 

method (fractal aualysis) SCCMS to be promising. 

5 PD DATABASE FOR 
DIAGNOSIS SUPPORT 

Wheiia mcasurcment is made on a power transformer, it can bc coin- 
pared to thc I'u measurements obtained from such objucts in the past 
(see P i g w  16) which have been collected in a databasc. The previous 
Scctions have investigated the possibilities of digital processing to sup- 
port ['U pattern recognition duriiig induced voltage tests of large power 
transformers [4]. Tn thu foliowing, the importance of developing a PU 
database to support IT cvaluntion is discussed oii the basis of 80 I'U 

nieasurements made on powcr transformers and reactors in thc pcriod 
of four years. Thcscmcasurements were analyxcd using statistical tools 
as discusscd in [ 2 , 5 ] .  

Figure 16. Measuring data cxample of A 3 h induced voltagc test of 
A power transfurmcr, The marks are between 5 and 35 nun aud represent 
thc fimc scqumce of PI) measuriog data which wure uscd in this piirticular 
case for further 1~11 data base processing. 

For rcasms of clarity, the eiitirc PD datnbnsc has been divided into 
two separate parts. Thc first part has been made on the basis of inca- 
suremeiits madc on reactors, whereas the secund part conccriis auto- 
transformers and three-phase transfarmers only. The main goal of this 
PD database was to answer the question about gcncral trciicis in PD pat- 
terns in tlic case nfregular or irregular PI )  pattcrns which occur during 
induced vnltage test of power transformers and rcactors, 

A data bank is well desigiicd for classification purposes if it produces 
il high siinilarity fw uiic dcfcct and a low one for all the otho.s. If 110 
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classification c m  be made, it shnuld produce a low similarity tor all 
dcfccts, Due to the fact that the user of a digital I'D detector type TE571 
alsu can creak his own data bank, it was inipnrtaiit to know how a 
well-dcsigncd data bank can be made. 

For this purpose, several discriinination techniques can be used [51. 
The maiugoal ofall thcsc methods i s  the recognition of clusters without 
a priori knowlcdgc. This incans that no labels indicating the membcr- 
ship of a n  individual mmurcmcnt to ii particular cluster are present 
be forehand. 

To aiinlyzc thc mcasurcmcnts discussed in this report group aver- 
age aiialysis tcchiiiquc was uscd [2 ] .  Using this mctlod discrimination 
between possible clusters can be madc. 111 thc case ut' sevcral mua- 
suromcnts cadi rcprcscikd by n fiugcrprint this method examines the 
distances bciwccn all fingerprints. 'Ihc results of the analysis is a tree 
structure, which illushates the relationships bctwcon individual fin- 
gcrprints, SCC Figurc 18. 'The percentage scale in the lower part uf this 
graphic shows the dissimilarity between fingerprints that were fuscd 
togc ther. 

FiaurE 

Figure 17. i'u pittern as nbscrvcd for a transformcl shuwing (top) r c p  
lar PU cvnluation rcgiilar. (middlc) irregular ['I) twaluation irregular, (bot- 
tonil unknown PI) cvdnation mknown, 

6 EVALUATION CRITERIA FOR 
PD MEASUREMENTS 

Whcii discharg-c data as mcaaucd during 1 11 voltage application, 
using a iiiultichaiincl systcm, is cvahiatcd, the following two important 

. .. I 

99 

- 

I. lksult of clustcr annlysis asapylicd to I'D patteri~mcasurcd 
1 

on 40 difftwnt puwcr rcactors, 

points have to be " 4 r i . d .  

6.1 THE TIME SPAN OF A 
MEASUREMENT 

Coiiiyaring dl iiicasuring data no uniform measuring time was used. 
A IT measurement used in this evaluation may rcproscnt measuring 
data iiicnsured only for a certain period in t h e  on a certain channel uf 
the tcst rhjcct. l l ic duration of this tiiiic pcriod may bc diffilrcnt hor 
uach test objcct. As a rcsiilt this divcrsity in the acquisition timc may 
influcncc tlic interprctatioii of particular 1'11 patterns. 

For cxamplc when during an induccd voltage test only il few I T  
pulscs occur this can ]cad to ;1 difkrent coiiclusioii by analyzing thc 
PD patter11 from oiily one minute period and by analyzing 1'0 patterns 
from the 1 h test period. 

6.2 THE MEASURING CHANNEL 

As mentioned above, for one test object, measwenletits can be taken 
on a nuntber of channels. It is knnwn thnt in such a largc test object 
as a power transfmier cross-talk effects niay occur bcttvccu different 
chaniiels and that also multiple discharge phcnumcna in tire test object 
aye pnssible. 
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Table 1. Four possible coinbinations of the two 
ation. 

criteria and thcir cvnlu- 

AS a rcsult separate evaluatiou of IW signals of a respective h n n n c i s  
would be necessary. In this study no distinction was inadc bctwccn 
tcst objects with one and marc measuring channels. Bach PD pattern 
showing incasured data was evaluatcd with equal importancc. 

6.3 DlSCRlMtNATlON CRITERIA 

Ss lscled Fleld: 
!RE9 Reactor Database V1.0 

+ 

60 

+ 
+ 
+ 
+ 

Descrrpl 
MVA veador no.4 
55 MVA reactor 
55 MVA roactor 

MVA reactor no. 1 
100 MVA reactor 
110 MVA roaclor 

+ reaclor 
1 I0 MVA reactor 
I10 MVA reactor 
110 MVA reactor 
11 0 MVA reactor 
61 MVA reactor 
40 W A  rsactor 

+ 61 MVR reador 
61 MVA reaclor 

Ilons: 
3ph 
a 7  
no.6 
3ph 

no.3 
na.8 
no.3 
M.7 
m.6 
ML5 
m4 
no.2 
no. 1 
no.4 
no.3 

Dascrlptions; - 118 MVA reactor no.3 - 165 MVA reactor nu.1 
100 MVA reactor no.3 

- 55 MVA rsaclor M+ 10 - 165 HVA rooctor n o 2  - 110 MVA reactor n h l  
75 W A  ranclor 110.1 
40 MVA reactor n a l  
55 WA reactor nn.5 

I I Q  MVA raaclor nu2 
rooclor n k l  

+ 100 MVA r e a d w  n0.1 3ph - 55 MVA reactor no. 2 
- 55 MVA resetw no. 1 

mi MVA rooctor 110.1 3ph 

Figure 19. Exanlples ofrecognition to Hicreactor rlatabasc (top) 111 case 
of an acceptable I’D patterin, (bottom) in case nf a PD dcfcct causing dis- 
charge (t), (-1, () reyrescnts P test object in the databasc characterizerl by 
a (regular), (irregular) (unknown) p a t h i ,  

No R priori knowledgc WBS available about thc used IiEQ l’D test- 
data, of which the databasc i s  built, Therefore thc data has been eval- 
uated using the foollowing two criteria: discharge magnitude, and dis- 
charge intensity. 

In Figure 17(a) typical examples of 3-dimensional phase rcsolvcd PD 
pattcrns arc shown In particular the differences j i i  PU magnitude as 
well as in thc PD intensity are shown here. Based 011 this experience, 
the above mentioned criteria h a w  been defined. For thc first a level 
of 1 nC has bccn used, for the second criterion 110 quantitative level 
could bc dcfincd. As discussed in prcvious Sections, thc patterns of 
power traiisformers have to bc evaluated on the b a a  of cxpcrience. In 

attern Analysis During Tests of Large Power Trarisfomie~ 

Table 2. List of powcr reactors (MVAilnd number) used for clustcranal- 
ysis in I’igurc 18, 

I 

’, - 1 1 0  :1 

: 1 1111 4 
- t 110 5 

, t t 1 0  (i 
a t I111 7 

:< 
c 110 8 
d - 110 $1 

c no .I 
f - 5 5  1 

g I ~75 2 
h t 100 1 

thc following, four examples will be given, showing thc foul. possible 
combinations, as listed in Table 3 I 

In the cxamplc shown in bbie  2 and Figure 18 two main groups 
can be obscrucd. It follows that similar fingerprints will bc conni.cted 
at rclatiwly low dissimilarity levels, while differing fingerprints will 
bc connected at relatively high dissimilarity levels. By cutting such A 
tree structurc at ;I ccrtain level, tiiu data can hc divided into different 
clusters. 

based oii such clusters, reference data for a particular PD problcm 
can defined in thc PI)  database 121. The I’D databasc made for powcr 
reactors showsaclear separation between twoclusters. The first cliister 
(-1 contains measurcrncnts marked as ’bad’ or ’unknown’. 

Thc second cluster (t) contains measurements cvaliiated as ‘good’ 
or ’unknown’. Both clirstcrs also contain ‘uiikiiown‘ measurements. 
This category represents mcnsurcments which are characterized by Low 
intensity discharges rl nC. 

To draw anyconclusioii about these measurements mow background 
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+ 
i 47 

Seladed Ffsld 
IRCQ Transformcr Databrrso v 1 .e 

Ooscrlpt Ions 
775 MVA transformor m. 1 
MYA tranlrformer no.1 3ph 
376 MVA ailla-trans no. 3 
310 MVA auto-trans ne. 2 
370 MVA auto-lrans no. 1 
775 MVA auto-trans IIU. 1 - transformer no.6 
458 MYA aula-tram 00.2 
47 MVA transfnrmet na.7 

t 47 MVA Iransfarmer 0n.g 
transformor no. 1 - autn-iranshrmsr no.2 
Iransformar m.4 

117 MUA aula-trans m.4 
47 MVA autn-trans n0.3 

Selected Fiold: 
IREQ Transfarnor Datobafo v1.0 

Omc r lut Ions: - 1440 MVA transformer n a l  - sulrrlransformnr n a 2  - 370 MWn aulo-trans n a 7  - iransfwmer 110.5 - 33 MVA transformer n a l  - 47 MUA transformer no.3 
3778 MVA auto-trans no. 1 
- 550 MUA aulo-trans no.2 

15 MVA transformer nm.1 
370 MVA auto-trans no. 2 
370 MVA auto-trans no. 3 
370 MYR aulo-trans na4 - 370 MVA nulo-trans 110.5 

tramfarmer nix 1 
+ 370 MVA auto-lrana na6 

Figure 20. Examples of recognition to the transfnrmcr reactor database 
(top) in caw of ni ncccptablc PD pallcm. (bottom) in case of an iinacccpt- 
able P D  p a t h i .  (I.), ( - - ) ,  () rcprcscnts a lcst object in the datnhasc char- 
actcrizcd by il (rcgdnr], (irrcgiilar) (unknown) pittern. (+), [-), () repre- 
sunts a tcst object in tlw database charactwined by a (regular), (irrcgulnr) 
(unknown) pattcrn. 

inforniation would be necessary. Anyway due lo the fact that ’irrcgiilar’ 
and ’regular‘ measiirements are clearly separated the prcscncc of ’mi- 
known’ data in both clusters is  interesting and shall be iiivcstigatcd in 
n w c  dctail. In siinilar way [’U mcasurciiicnts 011 powcr traiisformcrs 
hnvc been cvaluatcd. Using clustering by means of tree analysis sim- 
ilar distinction has bccn observed bctwecn the first group (t) and the 
second (-). 

7 USE OF THE PD DATABASE 
Whcn a mcasurcmcnt has bccn madc on a tcst object, it can be com- 

pared to the dafabasc, using tlic ccntour scorc mcthod, availablc on the 
TE-571 rn analyxcr. 111 thc following four cxamplcs me given showing 
a n  application uf both databascs during classification of an iinknnwn 
measurement. As obscrvcd in prcvious Scctioiis, thc rccognition of an 
acceptable IW pattcrn by a databasc (Figurc 19) givcs a miiltipie recog- 
nition for many c a m .  In most of these cases a low discharge niagnitude 
as well as a Iow discharge intensity was observed (t), No recognition uf 

unacceptable I’D problcms is foulid. Whcn a typical defect is classified, 
recognition of only a few prnbleins is found (Figurc 20), must of which 
arc unacceptable PU pattcriis. 

8 CONCLUStONS 
HE digital classification of PD patterns duringiriduccd voltage test T of powcr transformers can be useful for the following purposes: 

1, idcntificatioii of dischargcs in tlw test sctup, 
2. analysis of cliangcs in 1’1) bchavior bcforc, during and a h  tlic pcriud 

of enhanced voltage level, 
3. comparison of PD pattms nfdiffcrcnt transformers to identily the dif- 

ferent discharge soiirccs 
4. to develop further d 1’1) database for power transformcrs thc fo l lowing 

has to be considtmd that  a databasu should contain two typcs of infur- 
mation: PD patterns characteristic fnr this type of transformers, and IT 

patterns rcprescntinp ccrtaiu unpcrniittcd discharge sources. 

Usingdigital processing of pu patterns distinction bctwccn different 
discharging test objects like power transformors and reactors is possi- 
ble. Using this techniquc a discharge based decisinn supporting tuol 
can be devclopcd for iiiduccd voltage tests of power transformers and 
reactors. 

ACKNOWLEDGMENT 
The authors would like to thank A8B Varennes in Caiiadn for sup- 

porting the experinwntal work. 

REFERENCES 
[I] C. j [, Vnillilncoiirt, R. hlcimier, C, Jasmin, M. J. Lcicbvrc, C. Vaillancourt, ”New Ircq 

Multi.Clianncl I’D hlcasirremcnt Spstcni”, Int. Symp. on Dig. Tcch. i t i  I1V Measwc- 
nicnts, Toronto, Canatla, 1991, 

121 F. Giilski, ”Digilal Analysis of l’D”, lEEE Trans. 01) U anrl F,I, Vol. 2, pp. 822437, 
1995 

[3] e. Gulski, 11. 1’. Burger, A. Zirlnnb, R. kooks, ”Classificitiun uf Defects in HV 
Cumponi.nls by Fractal Aiinlysis nf PD Mcassrcnicnts”, 1196 KEF, Aniiwl llcporf 
- Confcrcncc on F;I and Diclcctric l’liennmcna, Snn rmlrcisco, USA, October 20-2.3, 
1996, pp, 4X4.4X8. 

141 A. Krivda, KGulski, I,. Satish, W. S. Zaengl, “Thc Use nf hctal lkatatce for Recog- 
iiilion nf 3-U Uischargc l’attcms”, IEEE Trims. on D and El, Vol. 2, pp. 889-872, 
1995. 

151 A, Krivda, “Automaled Recognitinn of PD”, IBEX ‘linns. on U and E,[, Vol. 2, p p  
796-821.1995, 

This paper is b m d  011 n preswtation givm at  tlic 1997 Volin Llulluqiriuni on 
I?~rtid Uisth~rgc Measiirern en ts, Como, Itid5 1997. 

M n ” j ~ t  was rcceivcd ott 24 April 1998, in fiml h n n  30 Octobrr I W I .  


