E, Németh

TEE POSSIBILITY OF TNVESTIGATION OP THE DEPERIORATION
0F ZLECTRICAL THSULATIONS BY NON - DSSTROUCTIVE METHODS

The mopt significant electricel characteristics of an insulation s
its dielectric strength., Due to the deteriorating processes (e.g. sgeing,
moistening etc.) the jlectric gtrength of an insulation, thus ita relia- ‘
pility, too, decreases during its operation. From the point of view of
the practice it would be of a great imporiance to follow the changes of
the dielec¢tric- strength, Unfertunately, thie cannot be carried out by
direct messuresents, as this would spoil the insulation. Thus the dete-
rioration~process of the insulation hae to be followed with other, non
destructive testing wethods and the conclusions concerning the change of
its electric atrength — and of its reliability, as well - have to be
drawn from these inveaiigations.

Nop-destructive tests can bs carrisd out by measuring the dielectric
characteristics of insulations, The electrio field in dielectrics effects
two fundmmenial dielectric processesg, ihe ébnduntion and the polarization.
The procese of conduction can be characterised unambiguously by a sicgle
quantity, by the specific conductivity of the material, while to chara-
cterime the other process, the polarization, the use of the polarization
apeétrum of the materisl is required, what describes the distribution of
the intensity of the elementary processes against the time-constant[2].

The detericration causes chemical-physical changes in the structure
of the meterial., As all of the elactfical properties of the material are
in strict relations with the microstructure of the dielectirics, by thege
micro-changes due to the deterioration not only the dielectric strength
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cf the insulation will be in.fluemd, but the comductive and polarisation
processes, af well, This connection bstween the - atructuﬂ and the proper-
ties of ths material makes it poaa:l.ble, to follow “the progress of the de-
terioration by non=destructive- diclectr:i.c memourements, thus to conclude
ipdirectly to the change of the relisbility of the insulation, too [t].

A graat .deal of informetion cen be gained about tihe deteriomtion Pro=
ceapes by investigating the various tm-mstmt—mges of the polarize-
tion spektrum, In Fig.1. the specific pohrine;bilit‘r' of of the dielectric
is plotted sgeinst the time constant T The pnlarizartibn ppectrum of a
dielectric extends fram ceca. 10 128 up to 10 8 Yime constants. Bach of
the procespes is related to 2 well-defined type of charge oarriers {ions
or molekule-groups). If the density of a certain charge carriers changes
due to the deteriorating processes, the intensity of the elementary pola=
rization processes, related to these particles will change, tooc. That is,
the chenge of the polarization epeotrum; remp. the chénge of ite parts
will show the progress of the deterioration unambiguously. .

The var:ious time-consgtent-ranges of the palnriﬁatim spectru:l can be
exagined by different seasuring sethods [4} Infrared Bpectroscopy is
eopecially suitable for inveatigating “the range of the shortast $ime-con—
stante (i.e. T < 10-105), the range of cea. 10T a(’T < 10 s cpo he exBe
mined by memsuring dielestric lose st radio-, sound~ br industry frequen-
cies. The value of the dielectric ions peasured at a certsin frequency ia
detemined by the intengities of polarization proceunen of & narrower,
epprox, of a 2 -~ 3 decade range of the spectrum, thus it -is possi‘ble, by
chenging syetemahcal]: ‘the measuringirrequan to scan s wider part of

the spectxun atep by step[4].

R % o
Pig,1, The polariszation spectrum —
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DC methods are sultable for examining vime conetant ranges of T > 107 s.
Theae methods are based on measuring the current or voltage-response of
the insulation to a valtage step, The current response of the insulation,
€.g. charging current, decreasing in time, consista of three components,

+

I(e) = I.(8) + L (8) + I

whhrsi I (t) = the capscitive compoaent trapeporting the free charge,
required to build up the electric field,

I (1) - polarizetion component appears bacause of the devalo-
ping of polarization processes, its value is proportio-
aal t0 the intensity of the procesees,

Ik - tenductive component comen up in consequsnce of the fi-

nite insulating resietance of the dielectric,

las% of the informeption about procesees arising in the insulation can
se gained from the I polarization component. It can be proved, ihat the
I {t } value measured et t, moment is determined only by elementary pols-
rization proceaaea of an cea. three decade range of the spectrum arcund
the Tk = t, time constante. This relation enables to determine the dis-
tyibution of intensities of the polarization procegees from the Ip(t)
curve in B wider section of the spectrum [3,%].

Bx IC metho&a based on mezsuring the voltege-respomse of the insula-
tion either the discharge voliage (after s longer excitailon, B0 called
"cherging™ period} or the return voltage (after a longer charging and a
snorter discharging period) can be messursd on the electrodes of the in-
sulation. it can be proved thet the initlsl slope of the return voltage
curve is directly proporticonal to the intensity of the polarization proe
cesses, and so is the slope of the discharge voltage to the conductivity
of the insulation [1,2]. Thus from ithe wiew-point of information-contents
the discharge voltege }s‘equivalent to the conductive current, waile tpe
return voltage to the polarizationcurrent compunent ¢f the ingsulaticn.

The time-constant-range of a width of Boout three decades, effecting
the return voltage, is determined by the chargimg and discharging periods
ohly. By measuring return voltages with systematically changed charging
and discharging times, it is possible - similarly to measuring loss fac-
tor in functionof the frequency t¢ scan a wider time-constant-range of
the spectrum step by step [5.6].
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The testing methode enlisted affer the posaibility of investigating
tne conductive and polarizetion processes in the insulation, reap. by
perforning the messurements in regular intervele the changes of the pro-
cegpes due to the deterioration of the insulation, the progresa of the
detericration can be followed.

48 exaapie for practical application of the testing methods, some re-
gults obteined by using the method of return voliage for testing ingulae-
tions of power itrazsformers are prepented: insulations of the following
four transformers of 120 kV were tested:

¥0.7. traneformer after one-year operation, practically in & new con-
dition,

¥0.f. transformer after 15 years of operation, with renewed insuls—
tion,

H0.%. tTransformer after & years of operation, with a medium-state in-
suletion,

No.4. transformer after 17 yvesrs of operation, in a very bad condi-
tion.

Tre return voltages were measured with U = 2 kV charging voltage. The
charging end discharging periode were changed e¢, that the time-ccoetant-
range of approx. 1Or2s < T <:!033 of the polarization spectrum wae exa-

zined,
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Pig.2, Polarization coefficiesnts obtained on transformer ingulstione
of different conditions

Fig.2. shows the py =S . T, polarizetion coefficients plotted againet
time conetant, celculated from the S initial slopea and the Tk central
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time-constants of the meagured return voltages., The polarizetion coeffl-
cientﬁ are proportional to the intenseities of the elementary polarization

procesaes [5]

It can be saﬁn, that the deternoration of imprageated paper insulation
eppears in the intengifying of polarizatior processes, esp. in the range
of 10™1,..10 8, unembiguously. In this range of polarization the deterio-
ration procass‘affected an ipecreaze of slmost two scale of the intensity
of polsrization procesnes,

The measuremeniswers carri.ed out by the Insulation Control Service of
the Hungarian Electricity WOrks (MWT}, The measuring instrunent was pre-
pared by the Regearch Institute of Eleciroindustry (VKI), The suthor
thenks for the pesrmission to publish the messuring results.
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