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HE APPLICATION OF TEE THEREO-SPIMULATED
DEPOLARISATION TSD MEFEOD POR THE cVALUATION
OF THE PARTIAL DISCHARGE ACTING A7 PHE POLYESTER FOIL

1, Iheoretical basis

The polyester foll effected with the alternating field and partial
discharges reveals the polsrisation of alow - relaxation type. Alike
the themoeiac;:n;ts“fongti?n [1] there are 2 actions which are forming
the foil, The former ia connscted with the dielectric absorption, un-
derstood se the ion movement and the dipols orientation in the polari-
sing electric field, Thims action leads to tha Lheterocharge creation. On
the other hand, the latter ection leeding to Wie homocharge creation ta-
kes place betwesn the electrode and the foil. throughout the partial dis-
chargs duraticn. The electrons and ions settle on the foil aurface:next,
they. penstrate into the polyester interior, .

¥e assune no recomtination betwesn the hmnhargcrand the hetercchar-
ge. Besides, we spsune that thu ‘nomocharge deterioration is of the rela-
xation type, while the hoaocharge disappearance 1s connected with. the
dielectrie conduetion, 7 |
~ Now, it is possible to prove, that the effective charge surface den-
gity (or -the polarisation state) of thé foil changes versus time with
the following fon;:la 1. ‘

FORS L [ex'p (- ) - exp (- & ] .6, - Gy ex (= 5B (1)
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wherei B - the foll resistarce,
¢ - the foil corductanes,
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C = the T0il sapacitenes, |

T - the heterocharge relamtion time,

6, — the initial surfece deasity of the charge,

5’° = the initial effective surfaoe dtga:\.ty of the charpe

- (ie.thnmufﬂuh-tu'mmthshmonharge}
(t =0 ummmwrmuunvmammnumm
field and tm pnrt:ul discharge action),
¥hen RC = G 2 the,formula (1)mmronm1.ngrom
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The formula (2) presenting the effective surfece density of the foil
electric charge as a result of the alternating field snd the partial dis-
charges stresses is rather complicated. Some important ‘tactom are the
hcterucharp relaxation time valus T and the foi) conductance G,
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the hetemeha:ge type of the polarisation atate changea prsmih.

Bmm, Tor the short releaxation times, the mized polariuucn atdte
can take place: initially of the heterocharge typs, next, of the homo-
charge one, The polarieation State changes versus time are dependent an
the initial polerisstion state of the hetero fype G, asd mm the ini-
tial polarisation state of the homo type G, aswell sz on T and G,
The value of T and ¢ result from the kind of the dielectric foil while
the value of ¢ 1z commected with the intensity and the time of the
partiel discharge duration, Next, ¢, issues from the value sad the: di-
rection of the electric field in the moment when the electric field dis=
sppears, ' ' ' o

Described with the Pormula (2) the effective charge surface denaity
on the foil time is given inp Mg.! aod Mg,2 It begins in the moment whan
the alternating field end partial discharge actions have besn finished,
The initisl velue of the heterocharge g, is lerger than TGt the char—
ges ars of opposite sign (Pig,1) or of the seme sign (Fig.2).
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Fig.l. The effective purface density of foil charge vs. time {the foil has
bean effected with electric field and partial discharges)
g = the haterccharge decay, b - the homocharge decay

g

Pig.2. The effective surface density of foll charge ve time (the foil haa
been effacted with electric field an partial discharges: the ini-
tigl polarisation is negative and of heterocharge type}.
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So, the 2‘011 polarisation state as. & result of the elnctric field and
partial dischargu action: :depends on the discharge intenaiﬂ, on the du=
ration time, on the value and the dmction of the elsctric field in the
final moment of action as well as on the T, 9, £ parameters of the foil,

This slow relaration type of the polarisation state hes an important
role in &;ggnnsﬁi,g_nwp_f_ the polyester foil insulsting gyetens, This state,

ing ve. time and determined with the past of the foil may lead to
elsctric field distribution chgngea.Gonsequenﬂx, thaye is the hezard of

the ineulation fault, especially when the vdliage will be switched on
once again.

2, The experiments

J. The meppurement goheme

T X-Y
ZWN === K E
R-T

Pig.3. ¥omrurmment system scheme
I¥N - high voitage power oupply
X = measurement chamber
BT - tempersture control ayetem
E - electrumetar
X-Y - regioter, 1 ng = rHm
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‘2. The meapurement chamber

Pig. 4. Meagurement chamber
1 = picrometer, 2 - digcharge and measurement electirode, 3 - exa-
nined foil, 4 - teflon box, 5 - heater, 6 = eiectromagnetic ghield

The pample is mounted in the teflon box this way that after heating by
several degrees it is strained and adheres to the heating electrode. 1t
1! aitaated b!tmn'the earthed plate electrode of 4 [cm]diameter (contac-
t‘ed with 1t by means of the wet oil) and the- hi.gh voltage electrode (the
Ansulation is the air layer of 0,3 {s. ' : :

The electrodes are supplied with alternating voltage of 50[Hz]. There
is s current limitation device to preserve the sample during the dischar-
ges in the air, The voltage is switching off with a ewitch or a control
potentiometer in the course of 10 [sec].

Next, the saaple is removed from the electrods aysf.en. How, it is sue-
bjected to =0 called free stabilisation (pamely, without any effect on
its olectric state, for exsmple by short - cireuiting). Then it ie placed
‘between alectrodes in the same way as during the first stage of the expe-
riment, The previously earthed slectrode becomes a heating one while the
high voltage elecirodes becomes the hesmu:enent_ one, Now, the thermal de-
polarieation tekes place, Its course described witH depolarisation current
and temperature is registered with the recorder X - 7.

%. The measurement results

The foil polarisetion state has rcen analysed on the basis of thermo -
stimulated current messurementc. "5il hag been effected with the alter-
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neting field and partial discharges u.mler the following condition:
— the effective voltage betwesn the electrodes: U = 1[k],
- the duratien time of the alternating current and partial discharges:
v=30[sed], |
the foll temparature during the partial discharges: T = 25[¢],
- the distance bhetwesn the olectrodes: d_ = 0,3 [ma],
the foil thickness: d, = 10 [pm],
the stabj.nntm time (tmn the alternating field deeex t:L].l tha
depolarisstion beginning) 0 - 8lhoury, -
&2 = step switching off of the "rol?.ngn,
B - linear decreasing of the voltage from 1[k¥| to O[kV] during the po=
riod of 10 [ses]. '

3.1, T™he foll polarisation state for the sudden switening off of the
voltage, just after decay of alterasting field and partial discharges is
presented in Wig,5, ‘

Bach thermegrem regards the seperste sasple hutallhsvehae.npolan-
ned under the same conditiona,

The thermogram dissimilarity resuits Irom the ¢1ﬁemmtion of the
electric field vuluse and directions at the moment of switohing off of the
volisnge,

3.2, The foil polarisation state for the sudden swiiching off of ths

voltage, 30 futx] .after deeay of slternating field and partial discharges
is pnunﬁd in Pig, 6,

Each thermogram regards the sepmrate sasple but all have been polari.
sed under ths same condiiions. The courses of thamogreme asnd the current

valuse are oaswhat close to negative ourrents than the former thermo-
Zramsy, )

-

3¢3s The foil pﬁhriutﬂ.nn state for the sudden switching off of the
veltage 180 mig, afisr ﬁemr of alternating field and pqrtial dipchar-
gen in premted h: Fe.7.

The courses a.nd the values of the thermograms are laas dhparsad than
tha former one's,
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Fig.5. The thermograms of foil samples effected with alternating field
and partial Aischarges, They have been obtained juat after the
eudden emitching off of the voltage, U = 1[k¥V]} t = 30 [gec].
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Pig.6, The thermogrems of 4 foil ssaples effscted with alternating field
and partial discharges, They have been obtained 30 n.'i.n after the
sudden swithing off of the slectric field

Fropm this notiocs it appears thet after 3 hours of the stabilipation
the effact of the heterocharge on the polarisestion state is minimum,
So, the heterocharge relaxation time of the polyester Toll is smnller

than 3 hourg (for applied parsmeters of slternating field and partial
iischargen).
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r:l.g.’f. The thermograma of fou aupi.u utfacted with 2lectric field and
partial discharges, Phey bave been obtained 160[ain] after the
. sadden s'.ttchi.ng off of the vo].taso U= 1[xV], t = 30[sec],

3.4, The foil pounufm state for the linear décresing of the vol-
tage just after decay ot altamting field and partiel diichargos is prew
sented in Pig, B, ' . -

Bach thermogram regam the npmto mple but all huva been pulnr:l.-
sed under the seme oondiuma. The courses and the nlusa of the theérmo-
Erams are insensibly dispermed, It is ‘self = evident ‘that the polarisa--
tion state is detemined only with the homocharge (crestedjon’ the foil by
_'partinl dinchgrges). There iz 'no thnno;m of the opposite propcrtias -
{contrary to the thermograns - for the ledtn switehing off of the 'reltag!’
see Pig.5 a.rul Pig.6). S0, the linear decressing of the voltage excludes
the polarisation of the heterocharge types
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Fig,B8, Ths thermograms of foil samples effected with alterpating field
and partial discharge. They bave besn obtained jusi after the
linear voltage decreasing U= 1[V], t = 30[sec] '

3.5. The foil polarisstion state for the linear decreasing of the vol-

tage 180 min, after decay of alternating field and pertial disgharges ie
presented in Fig.9.

. %ne theymogrems are cloee to thoss of the sulden ewitching off of the
voliage, This leads t¢ conclusion ihat the decay of the heterccharge ta=
Xes place bafore 3 hours. After this time, the polarisstion state is de-
termined with the homocharge, created in the foil by partial discharges.
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Fig,9, The themmograme of foil samples effected with alternating field
and partisl discharges. They have been cbtained 180 min after the
linear voltage decreasing U = 1[kV} t = 30 [sec].

%« Discussion of the rﬂmltn‘
m

The experiments show that the foil polarisation during few minutes
after sudden decay of alternating fisld and partisl discharges is deter-
mined with the voltage value at the "switching off® mcment, The extreme
polarisation values are possible: from O to the peak wvalue, The thermo=
grams may diffsr each othor‘ sae the coums result from (2) inPig 1,
and Fig,2. '

On the other hand, during the l.‘l.nenr decreaning 'of the mltaga,the po-
larisation at_nte is determined éxclusively with the intensity and dura~
tion of partial discharges., Moreover, the experiments show that the re-
laxmtion time of the dielectric (foil) polarised with elternating field
and partial dia.c.bargea is detet&nined by 2 mctions of the charge decreaw-
sing (heterocharge amd homocharge 1¥pe). So, 1f the investlgations are
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linited only to the thermogrems just after the ewitching off of electrie
£ield and partial discharges, they may lead to false results,

Por example, in Fig. 5 there are 2 distinct peaks for tne thermogram
o« 4 snd the clear bends of the incressing depolarisstion curvent for
,ha. thernograms No. 1 and Z,
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