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1. lntroduction 

HV equipment is usually tested for discharges using conventional discharge 
detection (bandwidths up to hundreds of kHz). Due to the increasing 
automatization of P D  measurements in recent years, the use of digital evaluation 
has become very popular. lt' s known that the digital recording of measuring 
information permits a more systematic analysis of the discharge process [ 1]. 
Practical implications of new fingerpint technique as used in a commercialized 
method (TEAS) will be presented here and will be discussed in the scope of the 
following goals [2]. 
The main goal of the automatization is to create additional information about the 
source of the discharge. As a result, the electrical engineer will be aided in his 
decision about conditions of an insulating construction. ln particular, the 

manufacturer of HV constructions is interested in controlling the quality of his 
product, the testing institution is interested to certify the product and finally the 

user of HV construction is interested to know the residual life of his equipment. 

Fiure 1 The structure 
of a PD data bank . 
First a categ ory of the 
data bank is selected 
which c orresp onds with 
the ob jectives of the 
user (arr ow A), then a 
nuober of measurements 
which belang t o  this 
categ ory will be 
c ombined int o pr oblems 
(arr ow B) . 
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Thus, there is a need to develop techniques to analyze the discharges and to 
produce a PD data bank for such purposes as the development, the 
manufacturing or the monitaring of HV constructions, see figure 1. 
When the information of a discharge pattern can be quantified, resulting in e. g. 
a Fingerprint of the measurement, it can be used for comparison with unknown 
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situations [3]. ln this way, most of specific design- or manufacturing-problems 
which may Iead to discharge can be classified. As a result, a more efficient 
identification of discharge sources is possible, see section 4 and 5. 
According to recent results, using continuous monitoring, also the degradation 
of the insulation at the discharge site may be assessed in this way [ 4], see 

section 6. 
As a result of this systematic application the discrimination of discharges in full 
scale HV constructions becomes more realistic. 

2. Finger Print Processing 

lt' s known, for a long time recognition was performed by eye, studying PD pat­
terns at the ellipse at an oscilloscope screen. Here the patterns are studied 
which occur in the 50Hz(60Hz) sine wave. Each discharge pulse at the ellipse 
reflects the physical process at the discharge site. ln the past a strong 
relationship has been found between the shape of these patterns and the type 
of defect causing them. 
Using digital processing the PD pulses are grouped with respect to their intensity 
and their phase-angle, see figures 2 and 3. 
lt is known that each discharge source with its geometry, location in insulation, 
dielectric properties and applied field is characterized by a specific sequence of 
discharges. Analysis of phase-position quantities and of the discharge and 
energy histograms is thus a good means of discriminating between different 
discharge sources. Generally two questions are important here: 

Figure 2 An example of 
discharge and energy 
distributi ons, which 
are pr ocessed t o  obtain 
the Finger Print of a 
PD measurement. 

H(q) 

[number] 

H(p) 

[number] 
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How to analyze and to quantify the information as contained in the envelopes of 

above mentioned distributions ? and 
How to use these data to discriminate between different defects ? 

To provide the analysis of all these distributions and above all to quantify their 
characteristic shapes statistical operators were introduced in the past [5]. 

1. The asymmetry of Hqn(PL Hn(P} and Hqmax(P} as the quotient of the mean Ievei in the ( +} and 

in the (-). 
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2. The phase factor of Hqn(>) to study the difference in inception valtage in the ( +) and the (-). 

3. The cross-corre/ation factor of Hqn(>), Hn(>) and Hqmax(>) to evaluate the difference in shape 

between the ( +) and the {-). 
4. The number of peaks of Hqn ± (>), Hn ± (>) and Hqmax ± (>) to distinguish between a distribution 

with one single top and a distribution with several tops . 

Figure 3 An example 
p h a s e - p o s i t i 
quantities, which 
pr ocessed t o  obtain 
Finger Print of a 
measurement. 
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5. The skewness of Hqn ± (>), Hn ± pm(>), Hqmax ± (>), as an indicator for the asymmetry of a 

distribution with respect to a normal distribution. 

6. The kurtosis of Hqn ± (>), Hn ± (>), Hqmax ± (>) as an indicator for the deviation from the normal 

distribution. 

After a P D  measurement has been finished, the above mentioned statistical 

operators are processed. Totally 29 statistical operators are processed to 
describe the properties of a PD measurement, see figure 4. 
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Using such a Fingerprint of a particular measurement a comparison with 
fingerprints of normalized PD sources like cavity discharges, surface discharges, 

corona discharges etc. is possible. For this purpose, using mathematical pattern 
recognition methods the percentage can be obtained which reflects the recogni­
tion of a particular measurement as a defined discharge type in the reference 

data [3]. 
ln particular, for the number of statistica/ operators of reference data a col­
lection of fingerpint occurs. The mathematical centre C of these fingerpint is 
determined and the position of an unknown discharge as represented by a set of 
statistical operators X can be compared with this centre. The recognition score 
is now defined as the percentile rank of the data (known fingerprint) which are 
further away from the centre C of the known discharge population than the 
measured value of an unknown discharge X. This percentage is not the same 
as the probability that X is indeed identical to the standard defect, but it gives 
the best possible reflection of it. The score of the unknown defect is 80/o if 
eighty percent of the fingerpint of the reference data are further away from 
centre C than X itself. 

3. Partial Discharge Data Bank 

When several fingerprints are available, it is possible to develop a collection con­
taining specific data: the PD data bank, see figure5. ln this way an unknown 
discharge measurement as represented by its fingerprint can be compared to a 
collection of known situations. 
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A data bank is judged to be weil designed if it produces a high similarity for the 
correct defect and low or nil for all the others. lf no recognition is possible, the 
result should be low or of nil similarity for all defects. 
Of course, the result of such a recognition process strongly depends on the 
following factors: the test conditions at which the reference data are obtained, 
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the number of measurements used to represent a defect and the way the data 
bank is organized. 
From a practical point of view it is attractive to organize such a data bank using 
a structure with three Ieveis of storage: 

device Ievel: here each device represents one of different groups of PD sources, 
for instance 'ARTIFICIAL DEFECTS', 'EPOXY INSULATED CURRENT 
TRANSFORM ER', 'PAPER/Oll BUSHING, 'GIS', etc. 

problen Ievel: each of above mentioned devices is characterized by means of 
specific problems, for instance the device 'ARTIFICIAL DEFECTS' contains cav­

ity discharges, surface discharges, corona discharges etc . .  An other device for 
instance 'GIS' may contain problems which may occur in the case of GIS con­
struction only. 

Fingerprint Ievel: each of the above mentioned problems is characterized by 
series of typical measurements. 

This structure provides universal application of such a PD data bank. ln the 
following two possible solution are discussed. 

4. PD Source Recognition Using 'ARTIFICIAL DEFECTS' 

The device called 'ARTIFICIAL DEFECTS' contains 17 prob/ems: these problems 
are simple two-electrode models, representing 1 7 possible defects in the 
insulation [1 ,5]. ln the following PD sources, their model description as weil as 
the test conditions are listed which were used for analysis of discharges in HV 
components. 
1. Single corona discharges at the HV electrode in air; diameter af high valtage paint: 1 OOum; 

distance ta LV electrade: 30mm; test valtage: 2. 2 kVeff. 

2. Single corona discharges at the LV electrode in air; diameter af the law valtage paint: 100 um; 

distance ta HV electrade: 30 mm; test valtage: 2. 3 kVeff. 

3. Sudace PD between extenal LV electrode and PE surface; LV cylinder-ta-PE plane system; 

dielectric: palyethylene; LV electrade diameter: 20mm; average field strength: 2. 8 kV/mm. 

4. Sudace PD between external HV electrode and PE surface; HV cylinder ta-PE-plane system; 

dielectric: palyethylene; HV electrade diameter: 20 mm; average field strength: 3. 4 kV /mm. 

5. Multiple corona discharges at the HV electrode in air; diameter af high valtage paints: 50 um -

200 um; distance ta LV electrade: 25 mm; test valtage: 16 kVeff. 

6. Multiple corona discharges at the LV electrode in air; diameter af law valtage paints: 50 um - 200 

um; distance ta HV electrade: 15 mm; test valtage: 5. 6 kVeff. 

7. Sudace discharges between two dielectric surface; test valtage = 29kVeff; 

8. Contact noise; lmperfect metal-ta metal jaint in the HV electrode; test valtage: 2. 2 kVeff. 

9. Floating object; Badly earthed metallic campanent near HV circuit; ungrounded metallic plate at 

500 mm distance fram HV terminal af a discharge free test abject; test valtage 28 kVeff. 

10. PD on external dielectic; Twa tauehing insulated canductars; surfaces PD between twa 

tauehing 6/ 1 0 kV PE cables; test valtage 1 3 kVeff. 

1 1. LV electrode-bounded cavity; dielectric: palyethylene; Flat cavity between PE/metal; 1 6mm x 

0.4mm; test valtage: 11 kVeff; average field strength: 2. 43 kV/mm. 

1 2. Dielectric-bounded flat cavity; dielectric: palyethylene; Flat cavity in PE; 16mm x 0.4mm; test 

valtage: 1 1  kVeff; average field strength: 2. 35 kV/mm. 

13. Dielectric-bounded cavities; dielectric: palyethylene; Flat cavities in PE; 5 cavities af 4mm x 

. 4mm; test valtage 1 2 kVeff; average field strength: 2. 7 kV /mm. 
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14. LV e!ectrode-bounded cavities; dielectric: polyethylene; Flat cavities between PE/metal; 5 

cavities of 4mm x . 4mm; test voltage: 12 kVeff; average field strength: 2.9 kV/mm. 

1 5. Fissure PD between PE-foils; Fissure between two PE layers HV electrode: . 05mm aluminum 

foil; PD due to high tangential field- strength in the fissure at the end of HV electrode; PD occur 

between two 0. 1 mm PE foils; test valtage = 12 kVeff 

16. Background noise 

1 7. No Partial Discharges 

� [pŏE 
51 

Figure 6 The 3D pl ot as observed 
on 23 kV ep oxy insulat or. The 
origin of PD reveals air p ockets 
araund ceramic c ore. 

11 [pCD 

Figure 7 The 3D pl ot as 
observed on lOnF/220 kV 
mixed insulati on capacit or. 
The origin of PD reveals t o  
a bad s older j oint between 
capacit or packages inside 
the capacit or. 

Each of these defects is represented by 282 fingerpints as obtained on different 
samples and stored in the device 'ARTIFICIAL DEFECTS', each as a separate 
problem. ln the following this collection of known fingerpints will be used to 
recognize unknown discharges in two HV constructions. ln figures 6 and 7 
examples of 3 dimensional relationship between discharge magnitude, PD 
intensity and the phase angle Hn(p,q) distribution are presented. As shown in 
these figures different insulation defects in industrial objects are characterized 
by typical differences in the Iandscape of such 3 dimensional figures. lt confirms 
the opinion that these Hn(p,q) distributions as mentioned here might be very 
useful to analyse the discharge processes in actual HV equipment. 

Figure 8 Ph ot ograph of 
the cr oss secti on of 
t h e 2 3 k V e p oxy �����1�·����l:�1��;·. 
i n sulat or sh owing 
l ocati on of the air 
p ockets. 

D 
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4. 1 Cavity Discharges in Epoxy Resin lnsulator 

ln a 23 kV insulator the origin of discharges was related to air pockets araund 
the ceramic core of the insulator which remained after casting, see figure 8. ln 
figure 9 the phase-position quantities Hqmax(p), Hqn(p) and Hn(p) as obtained 
du ring 2 minutes at 23 kV are shown. Furthermore in figures 10 and 11 the 
Fingerpint and the result of recognition are shown. 

H, ... .)) 
[pC] 

H, .. ()) 
[pC] 

H, ()) 
[number] 

Valtage 

23 [kV] 

----------------� 
Finger Print: Hq.ɧ͓X1) Sʌewn:r: + 

S:ewoe$: ­
Kurt():is • 
Kurtosi: -P:•:s • 24h�' -

Asymmetry cc 
Hqn(') SoewneJs + 

S:ewr.:� -
Kurt.:i: • (uy:o-ir ­Pl!a;Ð + >eo;s -

Asymn!try 

-1.5 -1.8 -8.5 8 8.5 1.8 1.5 :.8 

Figure 9 The phase p ositi on 
distributi ons as observed on 
23 kV ep oxy insulat or. 

cc 'h.r.e Uo(JJ SȒe͐nesr • 
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Kurtvsif -t•.;.ks • r.e . r.. ­Asy'ˀet˿y cc l(q) S<ewness 

KurtosiJ IUpC ȻG:Wn.�:J 

Figure 10 The fingerprint as 
pr ocessed for the neasuring 
data in figure 9. 

The comparison to the 'ARTIFICIAL DEFECTS' recognizes clearly _ internal dis­
eh arges (93%) cavities dielectric bounded; the resemblance to other defects is 
low. 

Figure 11 Resul t of 
statistical rec ogniti on 
of measuring data fr on 
figures 9 and 10 using 
TEAS 570 PD data bank 

Artificial Defects . 

Selected Device: 
ARTIFICIAL DEFECTS (A) V.2.0 

Problems: 
CAVITIES; dielectric-bounded 

CAVITIES; LV electrode-bounded 
SURFACE PD; dieledre surface 

CAVITY; fissure, HV electrode 
Iů PD 

PD between TOUCHING INSULATORS 
ņŁŇŚőrouIŊ noise 
FLOATING PART 

CONTACT �JOISE; riV electrode 
CORĞĘŐ�; multiple, LV eledrode 
CORONA; multiple, HV electrode 

n SURF,�CE PD; HV electrode 
SURFACE PD; LV electrode 

CORONA; single, LV electrode 
CAVITY; LV electrode-bounded 

%0 25 50 75 100 

4.2 Contact Noise Discharge in Mixed lnsulation Capacitor 
A 1 OnF/200 kV capacitor showed discharges which are due to a bad solder joint 
between capacitor packages inside the capacitor, see figure 12. 
This object was tested during 2 minutes at 160 kV test voltage. ln figures 13, 
14 and 1 5 the phase position quantities Hqmax(p), Hqn(p) and Hn(p) as weil as 
the Fingerprint and the result of comparison to 'ARTIFICIAL DEFECTS' are 
shown. lt follows from figure 15 that the contact noise ( 1 00%) was clearly 
recognized and the floating part ( 1 O/o) to a lesser extend. Also there is no 
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resemblance to other defects. 

Figure 12 Ph ot ograph of capacit or packages 
sh owing a s older j oint. 
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Figure 13 The phase p ositi on 
distributi ons as observed on 
10nF capacit or. 
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Figure 15 Resul t of 
statistical rec ogniti on 
of measuring data fr om 
figures 13 and 14 using 
TEAS 570 PD data bank 

Artificial Defects 

ș.urto$i� -őL36 __ __ _�1 _ _:H._' ';' __ -, .. .-_I ___ J 
Figure 14 The fingerprint as 
pr ocessed f or the measuring 
data in figure 13. 
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SURFACE PD; LV electrode 0- I I I 

CORONA; single, LV electrode 0,- I I I 
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SURFACE PD; dieledre surface 0,- I I I 
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CAVITY; LV electrode-bounded 0- D D I 
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5. PD Source Recognition Using 'INDUSTRIAL PROBLEMS' 

ln the previous section the usefulness of the Fingerpint method is shown by the 
analysis of two industrial defects and their recognition using the device 

'ARTIFIC/AL DEFECTS'. 
Of course, the similarity between an artificial defect (two-electrode models) and 
its industrial counterpart may be very small in praxis. 
Therefore it is equally important to develop a second type of PD data bank 

which shall contain HV constructions and industrial problems. 
lt' s known that with regard to a particular HV construction a number of 
discharge causes can occur, which are specific for this component. 
With the Fingerprints of these discharges a catalog of possible problems can be 
made. Such a collection is of importance when in the future similar situations 
occur. 
ln the following practical examples are presented of a device called '350/400k V 

Transformers '. 

This device was developed after the analysis of discharges in different: 350 kV 
and 400 kV transformer test sets. Moreover, the defects as mentioned in this 
section could actually be found and could be repaired. ln particular five different 
discharge sources were studied and their Fingerpints were used to define the 
industrial problems, see figure 16. 

1. Bushing discharges (350 kV transformer), 

2. Col discharges (350 kV transformer), 

3. Foreign part discharges (400 kV transformer), 

4. Surface corona discharges (400 kV transformer), 

5. Oi/ discharges (400 kV transformer), 

ln figure 17 and 18 examples of 3 dimensional distribution Hn(>,q) as observed 
for two industrial problems are shown. Similar to results in figure 6 and 7 the 
same conclusions can be drawn from these diagrams: very atractive for the eye. 

Fiure 16 Cr oss secti on 
of a transf ormer test 
set sh owing industrial 
defects. 

PD IN Tòí COIL 

RT PD 

First of all these five groups, each represented by at least 30 Fingerprints were 
mutually compared in order to see whether and in what measure they could be 
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distinguished from each other. 

Fiure 17 The 3D pl ot as 
observed on bushing discharges 
in a 350 kV test transformer. 

111 ɈpC) n 

Fiure 18 The 3D pl ot as 
observed on c oil discharges 
in 350 kV test transformer. 

This was done by calculating the classification if one of the five fingerpints is 
compared with either itself (self-recognition) or with the other four. This proved 
to be quite successful: self-recognition was 98% to 1 OO/o, whereas the clas 
sification fell below 40% when the other defects were entered. 
This proves that sufficient distinction between these five 'industrial problems' 
exists. 

5. 1 Bushing Discharges in 350 kV Test Transformer 

The 350 kV transformer test set showed discharges caused by a bad connection 
of the bushing inside the transformer tank. 
Four tests of 2 minutes were carried out at 350 kV test voltage. The collection 
of 1 20 fingerprints was used to define the 'industrial problem': Bushing 

discharges (350 k V  Transformer). ln figures 19, 20 and 21 examples of the 
phase-position quantities, their fingerpint and the results of the recognition are 
shown. lt follows from the classification that this type of defect: 'Bushing 
discharges' is clearly recognized: 100%. The resemblance to other defects as 
measured in both types of the transformer is low. 

H, ... ()) 
[pC) 

H, . ;)) 
[pC] 

H . ()) 
[number) 

Valtage 

3ĈL [kV) 

.. 

··· .... 
Fiure 19 The phase p ositi on 
distributi ons as observed on 
bushing discharges in 350 kV 
test transformer. 
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Fiure 20 The fingerprint as 
pr ocessed for the measuring 
data in figure 1 9 .  
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Fiure 21 Result of 
statistical rec ogniti on 
of measuring data fr om 
figures 1 9  and 20 using 
TEAS 570 PD data bank 

Artificial Defects . 

Selected Device: 

350/400 kV TEST TRANSFORMERS 

Problems: 

BUSIIING DISCHARGE; (350kl) 
COI L DISCHARGE; (350kV) 
OlL DISCHARGE; (400kl) 

SURFACE DISCHARGE; {400kl) 
FOREIGN PART DISCHARGE;(400kV) 

5.2 Coil Discharges in 350 kV Test Transformer 

Interna! discharges were found inside a coil of a 350 kV transformer test set. 
Nine tests of 5 minutes were performed at 200 kV test voltage. 
The collection of 270 fingerpints were used to define the 'industrial problem': 
Goi/ discharges (350 kV Transformer). ln figures 22, 23 and 24 examples of the 
phase-position quantities, their fingerpint and the result of the recognition are 
shown. 
lt follows from the classification diagram that this type of defect: 'Coil 
discharges' is 100% recognized. There is no resemblance to other defects. 
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Fiure 22 The phase p ositi on 
distributi ons as observed on 
c oil discharges in 350 kV 
test transf ormer. 
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Fiure 24 Resul t of 
statistical rec ogniti on 
of measuring data fr om 
figures 22 and 23 using 
TEAS 570 PD data bank 

Artificial Defects . 

Fiure 23 The fingerprint as 
pr ocessed f or the measuring 
data in figure 22. 

Selected Device: 
350/400 kV TEST TRANSFORMERS 

Problems: 

COI L DISCHARGE; (350kl) 
OlL DISCHARGE; (4.00kl) 

SURFACE DlSCHARGE; (400kl) 
FOREIGN PART DISCHARGE;(400kV) 

BUSHING DISCHARGE; (350kl) 

6. lnsulation Degradation Monitaring Using 'AGING STAGES' 

ln previous sections the use of PD data bank technique to recognize different 
discharging faults was shown. Equally important to such recognition is also the 
determination of degradation of discharging dielectric. Therefore using this 
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method in lang term test internal discharges in epoxy insulation of a 30/50 kV 
current transformer will be analyzed. A 30/50 kV current transformer with 
epoxy insulation was continuously aged for 1361 hours at 52 kV. Discharges 
occurred from the very beginning, possibly located in multiple cracks in the 
epoxy near the conductor [4], see figure 25. 
-------------------� 
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During aging time of 1361 hours in regular intervals discharge detection was 
carried out where one such PD measurement was preformed for 10 minutes. To 
represent in proper way the development of the discharge process altogether 54 
measurements were carried out during 1361 hours test. ln figure 26 the time 
behaviour of the maximum discharge magnitude is shown. 
lt can be seen from this figure that after 300 hours aging significant decrease in 
the discharge magnitude has been observed, and after this change no 
remarkable variation are registered. 
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Fiure 27 Phase-p osit i on Fiure 28 Phase-p ositi on 
distributi ons as observed distributi ons as observed 
after 10 minutes aging of after 2 18 hrs aging of 30/50 
30/50 kV ep oxy resin current kV ep oxy resin current 
transformer. transformer. 
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Fiure 29 Phase-p ositi on Fiure 3 0  Phase-p ositi on 

distributi ons as observed distributi ons as observed 

after 445 hrs aging of 30/50 after 925 hrs aging of 30/50 

kV ep oxy resin current kV ep oxy resin current 

transf ormer. transf ormer. 

Parallel to each measurement of the discharge magnitude also phase-resolved 
detection and analysis was preformed. ln figures 27-30 typical phase-position 
distributions as observed at different moments during the test are shown: 10 
minutes, 218 hours, 445 hours and 925 hours. lt follows from these figures that 
not only the decrease in the discharge magnitude occurs but also characteristic 
changes in the shape of all three phase-position quantities are visible. All these 
distributions as observed at different points in the aging time are processed 
using statistical operators. 
These 54 Fingerpints were further analyzed in order to see whether and in what 
measure they could be distinguished from each other. As a result four 
consecutive categories or groups called further in the text stages were created 
and tested. 
The first group appears between 0 and 100 hours, the second between 100 
hours and 330 hours, the third between 330 hours and 5 30 hours and the 
fourth from 530 hours till the end of the test. Based on this clustering all 
Fingerprints were combined into consecutive groups called stage 1, stage 2, 
stage 3 and stage 4. Based on these groups new data bank 'AGING STAGES OF 
50 kV CT' was developed. Similar to 17 problems of the data bank 'ART IFIC IAL 
DEFECTS' this new data bank contains 4 prob!ems: stage 1, stage 2, stage 3 

and stage 4. 
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Statistical evaluation of mutual comparison of all fingerpints was made in order 
to see whether and in what measure they could be distinguished from each 
other. ln table 1 results of this classification are shown. ln particular individual 
fingerprints were compared with its own group and with the other three. To 
evaluate results of classifications, the following outputs were used. 

1. C-ttECu tEC-1sIuI-s: the fingerpint is correctly classified. The following rules were applied: 

the classification must be larger than 30% and the difference between the first and second 

classification must be at least 30%. 

2. SEĕI-C-ttECu tEC-1sIuI-s: the fingerpint is assigned to several categories including the 

correct one. The difference between the first and second classification is less than 30% and the first 

classification larger than 30%. 

3. s- tEC-1sIuI-s: the fingerpint is not assigned to any of the known categories. We propose 

that the first classification should be less than 30%. 

4. IsC-ttECu tEC-1sIuI-s: the fingerpint is incorrectly classified. 

STAGES CORRECT SEMI-CORRECT NO INCORRECT 

RECOGNITION RECOGNITION RECOGNITION RECOGNITION 

1 66% 34% - -

2 100% - - -

3 91% - 9% -

4 78% - 22% -
. . 

Table 1 Results of classdtcattons of four agtng stages for a 30/50 k V 

current transformer. 

This proves that sufficient distinction between the four stages exists. ln none of 
these cases mis-classification occurred, that is: in neither case the wrang stage 
of discharge was indicated. 
ln figures 31-34 results of recognition using this new data bank are shown. The 
fingerprints as processed for 10 minutes, 218 hours, 445 hours and 925 hours 
aging are compared to the data bank 'AGING STAGES OF 50 kV CT'. lt follows, 
that the individual results which were obtained during the course of 1361 hours 
test can clearly be classified to one of the consecutive stages. 

6elected êeȕice: 

Figure 3 1  
data bank 
kV C T  
observed 
aging. 
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Rec ogniti on by PD 
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Selected DeviceB 
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Figure 3 2  Rec ogniti on by PD 
data bank AGING STAGES OF 50 
kV C T  of fingerprint as 
observed after 2 18 hrs aging. 
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Selected Device: 
"Kw3A" AGING STAGwS 4F CT5 
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Figure 3 3  Rec ogniti on by PD 
data bank AGING S TAGES OF 50 
kV C T  of fingerprint as 
observed after 445 hrs aging. 

Se IeŎted Dev iceB 
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Figure 3 4  Rec ogniti on by PD 
data bank AGING STAGES OF 50 
kV C T  of fingerprint as 
observed after 925 hrs aging . 

lt follows from these observations that conventional detection of PD is weil able 
to indicate different stages of insulation aging. Of course these stages need not 

necessarily be identical to the three stages as mentioned in [ 4], but they show 
that aging stages occur in actual HV equipment and can be recognized as such, 
see figure 35. 

Figure 3 5  The time 
behavi our of the 
n ax i m u n  d i s c harge 
nagnitude as sh own in 
figure 26 extended by 
stages which were 
deternined during 13 61 
hrs aging at 52 kV of 
ep oxy res in current 
transf ormer. 
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7. Conclusions 

This systematic attempt to apply the Fingerprint technique to develop a PD data 

bank of full scale HV constructions is encouraging. The results obtained are 
summarized as follows. 

1. lt has been shown that the use of conventional detection combined with 
statistical analysing techniques as incorporated in TEAS opens the possibility to 
recognize different discharge sources and to monitor the changes in the 
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insulation. 

2. The conventional discharge detection (including a statistical analyzer TEAS 
570) is weil suited for recognizing the stages of deterioration of dielectrics by 
discharges. Without any question, systematic tests till breakdown are requested 
and are und er way. Moreover, the ability to test more than one discharge source 
in the same HV apparatus has to be studied. 

3. The proposed device/problem structure for the storage of Fingerpints in a PD 
data bank is Straightforward and can very efficiently be used. 

4. Using physical models of discharges their ' presence in complete HV 
constructions can be proven. ln this way the applicability of results as obtained 
from physical models of discharges for the evaluation of the full scala HV 
constructions is possible. 

5. Using the Fingerpint technique the properties of several 'industrial defects' 
of full scale HV constructions can be classified and this information can be 
useful to recognized defects and to take the measures to make repairs. 

6. Using the presented method the final goal to recognize defects in actual 
industrial objects becomes more realistic. Needless to say, this task requires 
many years of practical experience of engineers in the test departments of the 
manufacturers, the testing institutions and the users. 
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