darzy Skubis

PHE STATE OF SCIENTIFIC DRSCRIPTION AND APFLICATIOR
OF THE ACCOUSTIC METHOD OP DETRCTION, MEASUREMENT
AND LOCATION OF PARTIAL DISCHARGES

Fhe Mo:métion of occurrence of pertial discherges is of great im-
portance for the sstimation of the state of the insulation aystem, In
metrology of partisl discharges three methods are significant nowadays.
These are: slsctric, chromatographic and accoustic emiesion method, The
electric method msy be applied only in labormtories and in certain tes-
ting stations considering the mtarterlnae. Howeve“, it ia not sultable
st all for measuriag PD oceuring in functioning objects [24 25,27,48].
The ehmtognphlc pethod is applied to estimeste PD occurring in these
cnnditions. The idcnti.f:l.eution of FD basing oneself on concentratiens
and guantity relations of ‘gases diseclved in oil or received from Buch-
nolts relay is, however, inaccurate and in certain case mey lead to
wrong conclusions [36,45], The AE method is the only one which makes
ths direct measursaent of PD ocwr.tng in insulation possibla et the no:l."-
mal runettenmg of objocts. This method ukes detection, megsuremsant as
well ae location of the region o:f PD possible. The nathod may be alao
applied In teat fields in. the course of 'rol‘lzago test of inutallationa
and high veltage appa:ratne.

The idea of spplying AE ooncomitant with part;h.l ﬁisckurgen to their
dstectioh and measurement bas besn preésented in mid fifties [1] . Howe-
ver, it baps not been reslised till mid sixties considering the lack of
suitable spparatus. Pirst results of technical application of AE method
have been pudblished in the latter part of mixties [4,5,13,19,21]. In
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peventies, American, Japaness and other syadicates .‘mfnmd about the
applicetion of AE method [9,10,15,20,59]. At present studies on applica-
tion of 4the AE method are cerried out in the Soviet Union, German Demo-
cratic Republic, Romania, Hungary, France and Italy. Information about:
improving neaaui:eneht sysiems and interpretation methods mre being pub-
lished as well [3,13,14,37,52,64).

The assistant professor Szuta suggested the application of this ne=
+thed in 1974 in our scuntry, Studles and laboratory iovestigations fol-
lowsd thia propossl [2,17,33]. The investigations were carried out in
Energopomiar in Gliwice and in the Technical University ia Opole., The
discernment of physical actions of AE concomitant with FPD end the scien-
tific description of -mnable megpurement systens wers the resulte of
the studies [30,31,34,35,39). In the esrly cighties. the technical appli-
cation of AE method hms begun. Since 1982 the method has been initisted
in diagnostic of unit tranaformer insulation in all more important power
rlants in our country [22.42‘,46]. In 1982 and 1983 the AE method has been

prlied in Eltas factory in 16dé to locete partial dischargee in transfor-
mers exposed to voltege tasts [57 58]. In 1982 the application of AS me-
thod to measursment of PD in capacitors {61] bas been suggested “and in
the following years the reau.lts obtained in this area have besn presantad
[11,43,62,63], In years 1982-1984 the resulte of application of the me-
thod in high voltage'uea.su:ctng trans‘!on‘nrlcu well ae in lead - in ineu-
lators of the capacitor type in the course of their voltage testis have
been presented {26,38,40]. Up +i11 now aboit 30 papers dealing with the
AE method have been published in -our country and about 25 works initia-
ting the method in power industry plants have been carrisd into effect.

2. General Characterigetion of the Accoustic miuimletﬁod

The AE method consigte in mesauring pulpes of presgure generatsd by
FD. Thepe pulses propagate in all construction materials of the investi-
gated object, While propegating the pulses are dampened I:_'r the medium
they penetrate., While passing from one medium into mth&. for inetance,
from oil into peper or frop oil into eteal the pu”ses undergo reflection
and refractiop. In result s different aignal fror the gensrated one getn
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at the measuring transducer. Plegcelectric iransducers of various types
ere most stitable for receiving accoustic signals [28.41 ,44] The aignal
received by the transducer is omplified, filtered snd interpreted, The

syeten prosented in Pig.) may Qe grplind to mteive the Ligesls,
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Figels A block diagram of e measuring wyatéem of AE genersted by PD
1 « A transducer, 2 - An aaplifier, 3 = A middlepass filter, 4 -
A threshold discriminstor, 5 = A pulae computer, 6§ =~ A printer,
7 = An oecllloscope

There are four basic ::ealimtiona of the néasuring system according to
Pig.1: IPFPT syateni. eypten based on the gtanderd panel, Unipap syatea and
Dema 10 gyatenm,

Various electromegnetic apd eccoustic interferences are concomitant
with AE meagurements. It i1s possible to eliminate them by the exact scre-
ening of tue apparatus as well as by the choice of the suitable measure-
pent band. The most strenuous interference 'in the electric method genera—
ted oy the external corons discharges le insignificant in AE method con-
pidering wery intenpe damping of AE regulting from these diacharges by
the eir. The mayimum emplitude of the accoustie signal is the most often
applisd paramstér which characterizes the intensity of PD in AE method.
There are eleo other pasrsmeter to be applied, euchas the gum and velo-
city of pulees, the velocity and density of events of typical stochastie
functions [6,7,32,49,54],

.2. The Range of Technical Application of the AE Method

The AE method mey be applied to mepsuremente of PD cccuring in insuls
tion of various high voliege installetious laboratory investigations pre¢
ceded thke tecanicel epplication of AE method. The resulte of these inves
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the state of the insulation syeten {16} . Zhe range of applivetin of AE
method has been presapbed in FTig.2.
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Fig.2, The vange of the technical applisation of the AE method by the
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The measurement transducer was nituatad'Q-t the sida or the top and
botton voltage on three differant levels of a fub succeasively in phaees
A,B,C as well ag betweon phases A=B, B-C, ,‘"l megsurement grid in the no-
des of which there was a transducer was made in this way. From fl!ab. 1 1%
is evident that in the insulation of the investigated transformer PD
oecur from the side of thettmvoltaae mtm top and middle part of the
phase A, The analysis of the shape of registered signals shows that PD
¢cceur most probably at the boundary of oil and ibsulation paper. The re-
gults of detection amd location of FD in the unit trensformer presented
in Tab.1, have been verified, The transformer was taken to be repaired
to the repeir shop, Dissasembling of 1t asaertained the defect of insula-
tior in the determined before area. L'hnndreé tmnsfomera of vatious tv-
pes are coptrcilsi yeayly by the AE method,

J25.% presents the charactéristics of 1onization measured by the AL
method in pove: -~ pacitors. .

Pig.,4 -ssents ‘h: rasults of measurementa of AE generated by PD

oceurring xn ransforner lead-in insulator witn a sieered field,
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Fig.3. Bxemplary charecteristics of
lonization of capacitors me=
goured by the AE method (ca-
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0f 9 pP and the voltags of
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Partial Discharﬁen

the AR method complements in & aignificent way measurement methods
applied up till now. It gives infornation about the existence, mezgnitu-
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de and the place of occurence of PD in nommally functioning objects.Thia
information ie unattaicable if PD are measured in s different way. Lt
concerns particularly the explicit ascertalnment directly on the measu~
red‘bbject whether partisl dlscharges occur or scae other phenomenon is
the cause of degradetion of insulation. The range of AE method applica~-
tion ig very broad., There is a pomsibility of application of the AE me-
thod to messure PD in homogeneous insilation materials [23] apd in insu-
lation aystems with SP. [29].

The basic advantage of the AE method is that it may be applied in ve-
ry difficult metrclogical conditions in which it was impossible to mea-
gure PD. The AE method fills the gap which existed in metrology of FD
in high voltage installations. This is the basic asdvantage of method sin-
ce consliering the senaitivity the eleciric method im nore adventageous,
In relation t6 eleetric mathod of measuring PL and their chromatographic
egtimation the AE method pospemses the following advantages:

- maices the detsction and memsurement of PD posaible directly on the
functioning object,

- makes the location of PD in the ineulation of the object posaible
in simple way, '

- the meagurement apparatus is simple and totally attainsble frem FPo-
lish preoducers. ' |

It should be smphasiged that the AE method does not replace meagure-
ment methods used up till pow and only gives a new parsmeter characteri-
zing the examined insulation. The parameter should be treated equally
with other varametera of PD applied up ti1l now,

6, The Directions of Iigrov;gg the Methed

The present state of elaboration of the AE method made its broad
application in diagnostie o. insulations of various high voltege instal-
lations pogsaidle, However, it is necegsary to continue or take up new
studies, particularly: ’

a) further analysis of various parameters charscterizing the .~ cfene-
rated by ¥D. It would be advisable to elaborate such e measurement cha=-
racterizing PD which wc;uld simul taneously contain information about the
energy and amplitude of PD,
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b) determining of a full zorrelztion betweer anplitudes of AZ pulses
and parameterﬁ-uasd for PD eptimetion up till now: betw@eﬁ epparent char-
ge and relations of gases liberated from oil by the methog of chromato—
grephic analysia [55,5“6]_.‘13 would ve mdviseble to determine such a de-
peadence for chopen groups and types of installations. ’

¢} gathering in formation connected with applicatien of tne method to
location of FD in variocus installations,

d) continuation of gtudies on determining the relaiionship between the
applied messurement of AE generated by FD =nd the time of insulation life.
The investigations ghould be carried out directly in works producing ine
sulation materials as well ag in those which produce high voltage apparh-
tus,

e) improvemsnt of measurezent systems. It would be =dvisable to make
8 gystem with a microprocessor realizing the signal processing currently
during measurements,

£} the extension of the range of appilcation o; ihe zethod to homoge-
neous insuletion meterisls, such as resin, foils snd polyethylene,
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