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50 Hz Alternatif Gerilimde Duzgin Olmayan Alanda
%1 SF6 Igeren Kuru Havanin Delinme Dayanimi

0. KALENDERU, K. MARDIKYAN
iTU Elektrik-Elektronik Fakiiltesi
Elektrik Mihendisligi Bolimu
80626 - ISTANBUL

ABSTRACT

AC breakdown strength of dry air and a mixture of dry
airtSFJ containing 1% of SFg were studied. For this
purpose 50 Hz AC breakdown voltages in non-uniform
fields up to a relative pressure of 400 kPa were
measured. Test results snow that the addition of 1% of
SF6 to air increases the breakdowvvn voltage up to 300
kPa in a non-uniform field. Experiments show that the
mixture of dry airt1%SF, with an AC breakdovvn
strength approximately the same as SF,.

GIRIS

Hava hemen hemen tim vyalitimlarnn kaginilmaz gaz
ortagidir. Kolay ve ¢ok bulunan ve de ucuz bir gaz
olan havanin delinme dayanimi pek cok yalitkan gaza
gore dusuktur. Her gaz gibi havanin da duzgin
olmayan alandaki delinme dayanimi, elektrot
geometrisi, gerilim "turt, gerilim dalga sekli, gaz
basinci ve sicakhgr gibi pekcok etkene baglidir.
Gazlann delinme dayanimina etki eden etkenlerle ilgili
calismalar bu baglligi ortaya koymaktadir [1-3].
Calismalarin agirlik noktasini teknolojik ve ekonomik
bakimdan uygun cozumler tretmek olusturmaktadir.
Bu arayglar icinde gazlann ikii ve daha coklu

kansimlanni kullanmak ta ele alinan g¢oéziimlerdendir -

[4-8]. Boylelikle teknik dzellikleri cok iyi fakat pahal bir
gaz yerine ayni Ozelliklere yaklasan, ucuz bir gaz
ortaya koymak cekici bir secenek olacaktir. Bu
bakimdan 6rnegin havanin delinme dayanimini
ylkseltici ¢ozumler ekonomik ve teknolojik olarak
havanin cazibesini arttiracaktir.

Kikurt hekzaflortr (SF;), uzun yillardan beri 6zellikle
ark sondirict  ortam olarak yiksek gerilim
aygitlarinda yaygin olarak kullanilan, Gstin fakat
pahali yalitkan gazlardan biridir. Dizgin alanda saf
SFe'nn  delinme dayanimi  ayni  kosullardaki
havaninkinin yaklasik G¢ katidir. SF'nin tek bagina ve
diger gazlarla kangimlarinin yalitim davraniglarinin
incelenmesi yuksek gerilim teknigi bakimindan son
yillarin giincel konularindandir.

Bu arastirmalardan bir bolimi gazlara az miktarda
SF, katmann o gazin Ozelliklerinde yaptgi
degisikliklerin incelenmesi tUzerinedir. Bu konudaki son
arastirmalar He, N,, CO ve CO, gibi gazlara az
miktarda SF6 gazi katmanin delinme dayanimini

Ozellikle duzgin olmayan alanda belirgin sekilde
arttirdigini géstermistir. Bu etki dizglin alanda daha
az olarak gorulmustir [9-12].

Bu cgalismanin da amaci havaya %1 oraninda SF;
gazi katmanin havanin delinme dayanimini ne sekilde
degistirdigini incelemektir. Bu amacla, 50 Hz frekansl
alternatif gerilimde, diizgiin olmayan alanda 400 kPa
gaz basincina kadar hava ve hava + %1 SF, gaz
kanisiminin ~ delinme  gerilimleri  dlctilmis  ve
degerlendirilmistir.

DENEY DUZENI VE DENEYIN YAPILISI

Deneylerde, 1 mm vyarigaph yarikiresel uclu cubuk
elektrot ile 50 mm vyaricapli kiire elektrottan olusan bir
cubuk - kiire elektrot sistemi kullanilmigtir (Sekil 1).
Elektrot sisteminin elektrot acikhgi 30 mm'ye
ayarlanmis ve deneyler bu sabit elektrot acikliginda
yapiimistir. Bu boyutlan ve elektrot acikigi ile caligilan
elektrot sistemi, yeterince duzgin olmayan alan
karakteri gésterecek bir diizen olusturmaktadir.

U,
r=1 mm/KF

:30 mm
d

¢ 100 mm

Sekil 1. Cubuk-kire elektrot sistemi.

Elektrotlar 883 mm uzunlugunda, 550 mm capinda,
yiksek basinca dayanikl bir deney kabi igine
yerlestiriimistir.  Cubuk  elektrot  yiksek gerilim
kaynagina baglanmis, kire elektrot ta topraklanmigtir.

Deneylerde, deney kabi icindeki gaz basinci 50
kPa'dan 400 kPa'ya kadar 50 kPa'llk basin¢ artimlan
ile degistirilmistir. Deney kabina deney yapilacak gaz
doldurulmadan oOnce iki saat kadar vakumlanmis ve
daha sonra deney vyapilacak basinca kadar gaz
doldurulmustur. Deneylerde kuru hava ve ticari saflikta
SFg kullaniimigtir.
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50 Hz frekansl alternatif gerilimler 300 kV'luk kaskad
yuksek gerilim deney transformatdrinden elde
edilmigtir. Delinme gerilimleri, bir kapasitif gerilim
bolicii ve degerleri KVN2 cinsinden gosteren bir
yuksek gerilim voltmetresi yardimiyla 6lctimustir. Her
basing kademesinde, delinme gerilimi degeri, 20
delinme gerilimi 6lgmesinin ortalama degerinden ve
Standard sapmasindan yararlanarak belirlenmistir.

3. DENEY SONUCLARI

Bu calismada, 30 mm elektrot aciklkti gubuk-kiire
elektrot sisteminde. 50 Hz alternatif gerilimle, hava ve
hava + %1 SF, gaz kansiminin 50 - 400 kPa basing
araliinda delinme gerilimleri Olciimustir. Deney
sonuclar Sekil 2'de gosterilmistir.

Delinme gerilimi (KV)
150

125
100

75

50

25

'y} PR [N U N U DY R S
50 100 150 200 250 300 350 400
Basing (kPa)

Sekil 2. Hava ve hava + %1 SF, gaz karisiminin
delinme gerilimlerinin  gaz basinct ile
degisimi. 1: Hava; 2: Hava + %1 SF,

Deneyler havanin delinme geriliminin 200 kPa'ya
kadar dog@rusal olarak arttigini, 200 kPa'dan sonra ise
arisin - cok vyavasladigi ve doymaya girdigini
gostermistir. Hava + %1 SF,/nin delinme gerilimi ise
basincla 300 kPa'ya kadar yaklasik lineer olarak artip
maksimum degerine ulasmistir. Bu basingtan sonra
karisimin delinme gerilimi azalma egilimi gostermistir.
Genel olarak havaya %1 oraninda SF, katmak
havanin delinme gerilimi egrisini calisilan basing
araliginda ayni oranda (ortalama 15 kat) yukarn
Otelemistir. Hava + %1 SF,/nin maksimum delinme
dayanimina ulastigi 300 kPa'da karisimin delinme
dayanimi havaninkinin yaklagik 16 katina cikmigtir
(Sekil 2).

Ayni  elektrot sisteminde 250-400 kPa basinc
araliginda saf SF, nin delinme gerilimleri 6lgulmds,

sonuclar hava + %1 SF,/nin delinme gerilimi degerle-
rine yakin elde edilmisgtir.

SF6 yiiksek foton sogurma 6zelligi gosterir. Bu 6zellik
ve bu Ozelligin basincla ve karisim orani degisimi,
ikincil mekanizmalan etkileyerek karisimin  etkin
iyonizasyon katsayisinda oOnemli degisiklikler ortaya
cikarir.

Sekillerden gorilecegi gibi havaya %1 oraninda SF6
katmak havanin delinme geriliminde 2,5 bara kadar
olan basinglarda belirgin bir artisa neden olmustur.
Daha yuksek basinclarda delinme geriliminde disme
gortlmektedir. Bu dusme karisimin etkin iyonizasyon
katsayisinin azotunkinden daha yiksek olmasinin bir
sonucu olarak gorulebilir. Halbuki herhangi bir
kansimin  etkin  iyonizasyon katsayisi  gercekte
azotunkinden dusuktdr.

SONUC

Deney sonuclan dizgin olmayan alanda kuru havaya
%1 oraninda SF, gazi katmanin delinme dayanimini
Onemli oranda yukselttigini gostermistir. Bu durum
muhtemelen havadaki oksijenin varligr ile ilgilidir.
Sonuc olarak kuru havaya %1 oraninda SF, gaz
katarak ylksek gerilim aygitlarinda  kullaniminin
ekonomik ve endustriyel uygulamalar icin g6z 6nine
alinabilir bir c6zim oldugu séylenebilir.
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METAL OKSIT PARAFUDRLARIN MODELLENMESI

Levent KILIC

Aydogan OZDEMIR

I.T.U.Elektrik-Elektronik Fakiiltesi
Elektrik Mihendisligi Bolimi
80626 Maslak/ISTANBUL

ABSTRACT

Overvoltages are unavoidable obstacles of electric
power systems. The most effective oven/oltage
protection in power distribution systems (medium
voltage networks) is the use of surge arresters in the
vicinity of the electrical equipment.

The protective characteristics of surge arresters must
be improved to achieve a desired protection.
Development of gappless metal oxide arresters had
provided several features.

Surge response of metal oxide arresters are
completely determined by highly nonlinear resistances
of metal oxide blocks. Therefore, overvoltage
protection requires an adequate modeling of those
nonlinear resistances.

This paper presents several models and determination

of model parameters for metal-oxide arresters.
Determined parameters are later used in a transformer
protection example and the results of EMTP
simulations are compared.

1. GIRIS

Elektrik tesislerinde kullanilan donanimlar anma
gerilimlerine  uygun bir yalitim dizeyine godre
tasarlanirlar. Bu yalitim duzeyinin Gzerindeki asir
gerilimlere karsi ise, uygun koruma aygitlanyla
korunurlar.

GUnlmazin asin gerilimlere karsi en iyi koruma aygiti
olan Metal Oksit (MO) Parafudrlar, yalitkan bir kilif
icine vyerlestiriimis bir dizi dogrusal olmayan (non
lineer) MO direnc bloklarindan olusur. Yiksek calisma
verimi, kirlenmeye karsi duyarsizhgr ve cok dik cephel
asiri gerilimlere karsi gecikmesiz koruma
saglayabilmesi gibi Ustlnlikleri olan bu parafudrlarn
tim calisma 6zelliklerini MO direnc bloklan belirler.

Elekirik  enerji  sistemlerinin  ¢6ziimlemesi  icin
gelistirilen yazilimlarin, ongorilen benzetim islevlerini
dogru bir sekilde yerine getirebilmeleri icin, 6ncelikle
sistem bilesenlerinin fiziksel davraniglar ile uyumlu
modellerin  kullanilmasi  gerekir. MO parafudrlar,
Ozegrilerinin - dogrusal olmayisi ve dahasi asin

gerilimlerin sekline bagh olusu (dinamikligi) nedeniyle,
modellenmesi kolay olmayan bilesenlerdir.

Bu calismada MO parafudrlarin 6zegrileri ve gesitli
modelleri  tanitildiktan  sonra, bir orta gerilim
parafudruna iliskin deneysel verilerden cesitli model
parametrelerinin belirlenmesi gosterilmistir.
Parametreleri saptanan iki farkli dinamik parafudr
modeli bir transformatdér koruma o6rnedi Uzerinde,
EMTP vyazihmi  kullanilarak, denenmistir.  Heriki
modele gére bulunan asin gerilimler ve aralarindaki
farklar ve bu farklarin koruma uzakhdH ile degisimi
irdelenmisgtir.

2. METAL OKSIiT PARAFUDR OZEGRILERI VE
MODELLERI

MO direnclerin akim-gerilim 6zegrileri dogrusalliktan
oldukca uzaktir. Cesitli tir ve genliklerde akimlar
kullanilarak elde edilen tipik bir MO diren¢c 6zegrisi,
SiC direncle kiyaslamall olarak Sekil 1' de
gOsterilmistir [1]. Parafudrun davranisi farkli zaman
(frekans) dilimlerinde bazi degisiklikler gdsterir.

tv[p.ul lx=10 kA

4.0 b T bt

201}
SlC/ ~ | [A]

" - . L »

T T »

'

10" 10" 1 10* 10

Sekil 1. 10 kA'lik MO ve SiC direnglerin akim-gerilim
Ozegrileri

Sebeke frekansh gerilim vyikselmeleri ve ic asin
gerilimler goreceli olarak yavas degisen gerilimler
olup, bu frekans bolgesinde parafudrun dogrusal
olmayan bir direncle statik olarak modellenmesi
yeterlidir (Sekil 2) [2]. Egrinin deneysel olarak elde
edilmesinde sebeke frekansl alternatif akimlar ve 45-
60 \xs tepe stireli akim darbeleri kullanilir.
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1 v=i(i)

Acma-kapama

Gerilim Yikselmesi

>
I

Sekil 2. Sebeke frekansh gerilim yikselmeleri ve ic
asirt gerilimler icin

a) Parafudr Modeli
b) Akim-gerilim 6zegrisi

Yukarida belirtilenlere gore daha hizli degisen isaretler
olarak kabul edilen dis asir gerilimler icin Sekil 2'de
verilen statik model yetersiz kalir. Cunki bu frekans
bolgesinde parafudrun uglarinda olusacak gerilimin
tepe degeri, icinden gecen akimin tepe degeri
yaninda, bu tepe deQere erisme suresine (cephe
egdimi) de baghdir. Yani parafudr uclarindaki gerilim,
akimin deg@erine ve degisim hizina bagh dinamik bir
karakteristik gosterir. Akimin egimi (tlrevi) ile orantil
gerilim veren devre elemaninin endiktans oldugu
dikkate alinirsa, Sekil 3'deki gibi dogrusal olmayan
direnc ve seri sabit endiktans ikilisi ile parafudrun
dogrusal olmayan 6zegrisi ve bu 6zegrinin dinamikligi
modellenebilir.

(@

V=V, + V,

Ry (b)

v

Sekil 3. Dig asin gerilimler icin

a) Dinamik parafudr modeli
b) Akim-gerilim 6zegrisi

Sekil 3'de verilen en basit dinamik model, sabit bir
enduktans degeri icin ancak sinirh  bir frekans
bolgesinde gecerlidir. Cephe sireleri 0.5-45 |s
arasinda degisen genig bir dig asirt gerilim ailesi icin
bu modelleme de vyetersiz kalr. Bu nedenle, daha
genis bir frekans ‘bolgesi icin Sekil 4'de verilen
frekansa bagimli model kullanilir [2,3]. Bu modelde Ao
ve A1 farkh iki karakteristikli dogrusal olmayan
direncleri, L, en basit dinamik model endiktansini, C
parafudr kapasitesini ve R,, L, ikilisi bir alcak geciren
filtreyi goOstermektedir. Dusik frekanslarda Ao ve A,
kollart paralel bagl, yiksek frekanslarda ise A, kolu
baskindir. Model parametreleri deneysel calismalarla
saptanir. Bu amacla tepe de@er suresi 0.5-45 (i olan
darbe akimlarn kullanilarak Olgilen parafudr artik
gerilimlerinden yararlanilir.

Lo L,

Ro

*mc% T

[ —
-

Sekil 4. Frekansa bagiml parafudr model

3. MODEL PARAMETRELERIN BELIRLENMESi VE
BiR KORUMA BENZETIMI

Model parametrelerinin belirlenmesi igin 2 numaral
referansin ekindeki MFG-B tipi bir orta gerilim MO
parafudruna iligkin laboratuvar verileri kullaniimigtir
(Tablo 1). Bu deneysel verilerle en uyumlu sonuclar
veren model parametreleri, EMTP benzetimleri ve en
kiicik kareler yontemi kullanilarak saptanmistir [4].

Tablo 1. Cesitli tepe deger (I ) ve tepe sureli (t )
darbe akimlari icin MFG-B tipi bir orta gerilim
parafudrunun uglarinda olusan gerilimin tepe
degerleri (v, )

m
o\ 45 11s 8M.S 4 \xs N:s
1.5 kA {0.766 p.u.{0.819 p.u {0.824 p.u -
3.0 KA ]0.816 pu.|0.868 p.u.{0.890 p.u. -
5.0 kKA - 0.912 p.u. }0.941 p.u. -
10.0 kA - 1.000 p.u. [ 1.040 pu.{ 1.010 p.u.
20.0 kA - 1.120 p.u | 1.160 pu | 1.260 p.u

Not: 1 =10 kA ve t =8 ps durumundaki agin gerilim
referans alinmigtir.
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Sekil 2'deki statik modelin parametreleri (akim-gerilim
Ozegrisi), EMTP'nin parca-parca dogrusal parafudr
modelleri kullanilarak, deneysel verilere gore karesel
ortalama hatay minimum kilacak sekilde
belirlenmistir. Sonuglar Tablo 2'de verilmigtir. Bu
degerler, gerilim yukselmeleri ve agma-kapama
gerilimleri gibi yavas gecici olaylar icin kullaniimalan
yaninda, dinamik model parametrelerinin
belirlenmesinde de baz alinirlar.

Tablo 2. En Uygun Statik v-i 6zegrisi

131 v[V]
1 23580

10 25720
100 28070
500 31000
1000 32200
2000 33600
3000 34400
5000 35400
7500 36400
10000 37080
15000 37650
20000 38060

Sekil 3'de verilen dinamik modele iligkin sabit
endiktans degeri, Tablo 2'deki 6zegri esas alinarak
L=0,5 |IH olarak belirlenmigtir. R, direnci ise, EMTP
diferansiyel denklem ¢6zim teknigi sonucu olugsan
titresimleri bastirmak icin 50 Q mertebesinde bir
degerde tutulmustur [3].

Frekansa bagmh modelin endiktansi, literatirde
verilen Ao ve A, Ozegrileri ve daha 0Once belirlenen
L,=0,5 nH degeri kullanilarak, L!=15,75 I"H olarak
belirlenmistir. R4 igin, benzer nedenlerle, 1000 Q
mertebesinde bir deger secilmistir.

Son olarak farkli modellerin benzetim sonuclarina
etkisi incelenmistir. Bu amacla Z=500 Q dalga
empedansh  bir havai hattan  beslenen  bir
transformator ve koruyucu parafudrdan olusan sistem
gozonune alinmistir (Sekil 5). 50 kV tepe-degerli,
1,2/50 (is'lik standart yildinm darbe gerilimleri
kullanilarak, iki farkll dinamik parafudr modeli icin
yapilan EMTP benzetimlerinden elde edilen sonuclar
Tablo 3'de verilmistir. Model 1 ve Model 2, sirasiyla
Sekil 3 ve Sekil 4'de verilen dinamik modelleri
belirtmektedir.

Tablo 3'den de gorilecedi Uzere, modeller arasi
farklilk koruma uzakh@i ile artmaktadir. Bu farkhihgin
daha hiz darbeler icin daha da artacag aciktir.

u
_+
’——a—-———f"‘u‘r

]
Z=500 Q J_
parafudr ¢ I
Sekil 5. Bir transtormatdrin parafudrla korunmasi

u : Yildinm darbe gerilimi

C : Transformatorin giris kapasitesi = 1 nF

u, Transformator uglarinda olusan asirt gerilim
a : Koruma uzakligi

Tablo 3. 1,2/50 (is'lil standart yildinm darbe gerilimleri
icin, transformator uclarinda olugsan asin

gerilimler.

a U [[P-u.l Fark
[mi. Model 1 Model2 [%}
2,5 0,937 0,934 0,31
5,0 1,000 0,979 2,15
10,0 1,093 1,015 7,68
15,0 1,168 1,048 11,45
20,0 1,231 1,079 14,09
25,0 1,289 1,109 16,23
50,0 1,492 1,238 20,52
100,0 1,633 1,342 21,68

Not: a=5 m'ye karsi dusen asiri gerilim genligi referans
(1 p.u.) alinmugtir.

4. SONUC VE ONERILER

Asin gerilimlere karsi en etkili koruma aygiti olan MO
parafudrlarin davranigi tamamen MO direnc bloklan
tarafindan belirlenir. Saglkli bir koruma icin dogrusal
olmayan ve dinamik bir karakteristik gosteren direng
bloklarinin uygun sekilde modellenmesi gerekir. Model
parametrelerinin  belirlenmesinde ise olasi asin
gerilimlerin tim Ozellikleri dikkate alinmaldir.
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ABSTRACT

in the present work, for needle-to plane and sphere to
plane electrode systems; the emission spectra of the
streamer betwween laser induced and natural
streamers are observed and there is liftle difference
between the two type streamers. The time lag
betv/een the laser irradiation and the observation of
the emission from the streamer is measured by
shifting a focal point of the laser along the gap axis
and by changing the observation point of the streamer
development. From the time lag measurement, the
drift velocity of initial electrons thggered by the laser
irradiation and the propagating velocity of the
streamer can be estimated. In a needle to plane gap
of 120 mm, the electron drift velocity is 2-4 x 10° cm/s
depending on the applied voltage and the position of
the streamer tip. Furthermore, the electhc field in
space charge region produced by preceding corona
discharges can be estimated from the relationship
betv/een electron drift velocity and electhc field.

GIRIS

Yiksek gerilim tekniginde kanal (streamer) desar]
analizi literatirde birgok arastirmaci tarafindan
incelenmis ise de hala bircok bilinmeyen
karakteristikleri bulunmaktadir [1,2]. Bu calismada
uygulanan gerilim ve elektrik alaninin etkisi ile normal
sartlardaki kiriima (breakdowwn) gerilim o6ncesindeki
kanallar ile laser tetiklemeli kanal mekanizmalari
karsilastirmistir.

Bilindigi Uzere laser uygulamali plasma iki grupta
siniflandirilabilir.  Birincisi  kuvvetli iyonizeli plasma
(optik kinlmah) ve ikincisi ise zayif iyonizeli plasma
“olup az isikh ve disik sesli kirimadir. Literatiirde bu
konuda yapilmig daha dnceki konular kanalin lazerin
dalga boyuna olan bagmhhgr ve sigin  odak
hacmindeki Uretilen iyon sayisi olciimesi ile sinirli
kalmistir [3,4]. Sunulan bu arastirmada ise lazer isini
diizglin olmayan (nonuniform) bir geometride kararli

bir korona desarj icerisine uygulanmis ve darbe
(pulse) akim yogunlugu ve kanal mekanizmasinin
olusumu incelenmigtir  Laser tetiklemeli kana!
mekanizmasinin incelenerek dogal kanal
mekanizmasi ile Kkarsilastinimasi bu tebligin iemel
amacidir. Normal atmosferik kosullarda desa’j
mekanizmasini ¢ok az etkileyen zayif iyonizeli
plasma kullaniimis ve uniform olmayan igne-duzlem
ve kire-diuzlem elektrod geometrileri segilmistir
Pozitif korona desarji Uzerine laser darbesinin
uygulanmasi ile anod elektrodundan dizlem
elektroduna dogru bir kanal olusturulmustur

DENEY SETi VE ELEKTROD GEOMETRILERI

Olcum seti ve baglantilar Sekil 1 de gorilmektedir

Y .G Kaynag
r——'—*———‘\f\(\t\/\l—@— ’}r
! = Avna
g 1 Desarj
T
-
huru
"I_' “iowoometre Lazer
I l!otnj
10 Teikome L. _J
Simyali p—————
CInloskop
f mvipc ] |
L Pcosm

SEKIL: 1 Deney seti
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Normal atmosferik sartlarda korona desarji igin
olusturulan de vyiksek gerilim kaynagr deney
baglantisi (Sekil 2), igne-duzlem geometrisi icin 120
mm lik elekrod aralig@i ve egrilik yaricapr 0.25 mm
olan igne iletken segilmistir» Kire-duzlem geometrisi
icin kire capl 62.5 mm ve elektrod araligi ise 10 mm
dir Her iki deney icin duzlem elektrodu ayni olup,
cap! 360 mm olan bir daire seklindedir.

SEKIL: 2 De yiiksek gerilim devresi.

Lazerin (kuru Continuum ND-60 lazer) cikis enerjisi
25 mdJ Un altinda olup dalga boyu 608 ile 614.2 nm
arasinda secilmistir. Darbe (pulse) genisligi 4-6 ns,
Isin hizmesinin odak noktasi yakinindaki kalhnhig 0.7
mm olup maksimum siddeti yaklagik 5x10° W/Can
dir. Kanallarda olusan dagiima ve spekturumlarn bir

monokrometre lzerinden bagh bir fotomultiplier ile -

dedekte edilmistir. Duzlem elektroduna akan akim ile
fotomultiplier cikis akimi  ve lazer tetikteme
zamanlari, Ornekleme frekansi maksimum 1 GHz
olan dijital bir osilaskop tarafindan kaydedilmistir.

KANAL SPEKTRUMLARININ GOZLENMESI

igne-diiziem geometride Kararli bir korona desarji
elektrod arahginin 120 mm  oldugu durumda
g0Ozlemlenmis ve uygulanan pozitif V_ geriliminin 33
lle 45 kV arasindaki degerlerinde kanallarin olusum
peryodlari 120-250 us (tekrarlama frekansi 8-2.5 kHz)
olup, artan gerilim ile artmistir. Dogal baslamali
kanaliardaki spektrumlar elektrod araliginin igne
iletkenden 4mm mesafede ve uygulanan gerilimin 45
kV degeri icin 15 goOzlemin ortalamasi olarak
alinmistir Ayni deney ortaminda 613.62 nm ve 3 mJ
Uk bir lazer darbesi elektrod arah@inin ekseni
boyunca igne ucunda olusan korona desarj bolgesine
X= 4 mm uzaklktan uygulanmigtir. Lazer darbesi ile
olusturulan kanallarda akim darbeleri ve foto-
arnisyor. pozitif korona altinda goézlenmistir, dlcim
sonuclarinin  analizinde dogal kanal ile Ilazer
uygulamali kanal spektrumlari arasinda cok az bir
fark oldugu go6zlenmistir (dogal kanal mekanizmasi
icin 250-350 nm lik ve lazer ietiklemeli kanallar icin
350-450 nm lik spektrumlar gézlemlenmistir.

AKIM YOGUNLUGU DAGILIMI

Katod (dizlem elektrod) yuzeyinde akim-yogunlugu
dagiimi Glctimleri Oncelikle baslangic elektronlarinin
sadece lazerin odak noktasinda mi veya lazer isin
yolu boyunca mi dretildigini  belirlemek icin
yapiimistir. Daha oOnceki bir arastirmada, baslangic
elektronlarinin  lazer darbe 1sima yolu boyunca
uretildigi durumda korona desarji neticesindeki
uzaysal akim dagihminin degistigi gozlenmisti [5]. Bu
calismada, duzlem elektroduna 4 mm capinda 10
Olcim probu aralarinda 7.2 mm olacak sekilde ve
lazer 1sinina paralel ve dik olacak yonde Sekil 3 te
goruldagu gibi konumlandinimgtir.

SEKIL:3 Olgiim setinde akim problarinin yerlesimi

Elektrod arali@i 70 mm olarak secilmis ve 33 kV luk
pozitif de gerilim igne elektroda uygulanmistir. Lazer
darbeleri 610 nm dalga boyunda ve 20 mJ lik eneriji
ile araliga dik olacak sekilde uygulanmigtir. Lazer
Isint yolunun yuksekligi anodtan 4mm asagida ve
odak noktasi arallk ekseninden 50 mm uzaga
ayarlanmistir. Akim darbeleri surekli olarak degisik
Olcum elektrodlarindan goézlenmis ve akim darbeleri
yukseklikleri arasindaki farktan kanal mekanizmasini
tetikleyen baslangic elektronlarinin  lazer 1simasi
boyunca Uretildigi gozlenmistir. -

KORONA DESARJI
SURUKLENME HIZI

BASLANGIC ELEKTRONLARI

Lazerin uygulanmasi ile odak noktasinda Uretilen
baslangic elektronlar anoda dogru suruklenmeye
baslarlar. Elektrik alan siddeti elektron cigini
baslatacak degere ulastiginda elektron sayisi N
artmaya baslar ve bu deger yaklagik 10° degerine
ulasirsa ¢ig mekanizmasi kanala donusur. Verilen
geometride lazer isininin odak noktasi ‘X' elektrod
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araliginin  ekseni boyunca kaydinlmistir. Elektron
striiklenme hizi, gecikme zamanlar farkindan (At) ve
eksen Uzerinde kaydirma uzakh@i AX de@erlerinden
hesaplanmistir Lazer 610 nm dalga boyunda ve 3 mJ
Uk enerji ile, odak noktasi elektrod araliginin ekseni
boyunca her 2 mm icin uygulanmistir Elektrod araligi
toplam 120 mm olup, uygulanan gerilim 30 ve 45 kV
olarak secilmis ve dlcmeler 100 kez tekrarlanmistir
(Sekil 4).

V_V
MRl

6

wcired

U

Y
-}

SEKIL: 4 Gecikme mekanizmasi prensibi.

Burada gecikme zamani, elektrod-araligi ekseni
boyunca lazer 1simasi tetiklemesi ile kanal
dagilimimin  goérinmesi arasinda gecen sure farki
demektir. Sekil 5 dedisik lazer pozisyonlarn icin
Olcllmus gecikme zamanlarini gostermektedir.

A e T I ]
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5 10 15
\noda uzaklik (mm)

SEKIL 5 Lazer tetikteme ile dlgiilmiis gecikme
zamanlari

Elektron siruklenme hizi ile harici elektrik alan siddeti
arasindaki iliski daha onceki bir arastirmada detaylica
verilmisti [6] Mevcut cahsmada deneysel elektrik

alan sonuclar ile bir yik similasyon programi
kullanilarak ~ hesaplanmig  Laplas elektrik alan
degerleri karsilastirmistir (Sekil 6). Uzay yikunin
verilen geometride elektrik alanint modifiye ettigi
sekilden de gorulmektedir.

20 -

i - T
[ hesaphnin ,45kV} ]
| hesaplanan i "OkV ]
Rl ]
2
s
é -
5 10t
<« [
ic:
2 I
=
3 ® Denss LdsShy, ]
L O enm ael WV 4
Ob o i . L T

[¢] 10
Anoda Lzakhk (ram»

SEKIL: 6 Nokta-diizlem geometride olgiilen ve
hesaplanan elektrik alan degerleri.

KURE-DUZLEM GEOMETRISI ELEKTRON CIG
HIZI

Ayni metod kire capr 62.5 mm ve duzlem elektrod
capi 360 mm olan geometriye uygulanmistir. Elektrod
araligi 10 mm_vye ayarlanmig ve kire elektroduna
kinlma geriliminden dustk bir gerilim (29.25 kV)
uygulanmistir. Lazer darbesi ile (614 2 nm ve 20 mi)
kanal olusturuimus  ve  devaminda kinlma
(breakdowvn) ve ark desarji olusmustur Kure-dizlem
geometrisindeki elektron ¢ig hizi ise "X" in her 2 mm
aralikta ve her lazer pozisyonunda 50 kez tekrarlanip
ortalamasinin alinmasi ile saptanmistir. Elektrod
araliginin  ekseni boyunca deneysel Olciimis ve
hesaplanmis elekirik alan siddetleri Sekil 7 de
goruldugu gibidir.
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SEKIL: 7 Kiire-diizlem geometrisi elektrik alan
degerleri degisimi
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SONUGLAR

Kanal mekanizmasini incelemek Uzere baslangic
elektronlarinin yukarida belirtildigi sekilde incelenen
bélgede iretilmesine lazer tetikteme metodu adi
verilmistir. Kanal mekanizmasi normal atmosferik
kosullarda incelenmis ve dogal kanal mekanizmasi ile
lazer tetiklemeli kanal desarjlari  spektrumlari
arasinda cok az bir farkhlik oldugu go6rulmustar,
Korona desarjinda elektronlarin suriklenme hizi
literatirde verilen degerlerle uyumlu olup, desarj
neticesinde olusan uzay yikinin Laplas elektrik alan
dagilimini degistirdigi gozlemlenmistir.

Kire-diizlem geometrisinde, elektrik alani 29-38
kV/cm deger araliginda, elektron ¢i§g hizlarn 14-17 x
10 ° cm/sn olarak saptanmistir. Elde edilen sonuglar
lazer tetikleme metodu ile elektron ¢i§ hiz dlgimiinin
ve elektrik alan  dagiliminin  hassas aralikta
saptanmasini ve degisik geometrilere de
uygulanabilecegini acgiklamaktadir . Kiire-kure elektrod

geometrisi gelecek galismanin konusu olacaktir.
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ABSTRACT

Optical measurement technicues of voltage and
electhc field using electro-optic effect have many
advantages. These are; the sensor produces limrted
disturbance of the measured field, has a good
frecuency response o6ver the range de to 1 GHz and
the sensor requires no power source. Pockels
sensors have been recently incorporated into
electrical power transmission and distribution lines for
monitohng voltage. in addition, they have been
successively applied to the measurement of not only
eleetrostatic fields but also space charge fields in
electrical diseharges. Normally, optical voltage
sensors can not measure directly potentials higher
than 5 kV. This paper deseribes the concept of a new
optical high voltage measuhng technicue allowing the
construction of optical voltage transformers (optical
VTs) able to be directly submitted to high voltages of
500 kV /eve/. The design of a multi-segmented
Pockels sensor system and development and the
preliminary tests of the prototype are here desehbed.
Finally, the results obtained from ac, de and impulse
voltage tests are presented.

I. GIRIS

Gic sistemlerinde yiksek gerilimin  dlcilmesi
genellikle elektromagnetik gerilim transformatorleri
(VT), bazi durumlarda kapasitif ve rezistif gerilim
béluculeri ile yapiimaktadir. Ginimduzde elektrik gic
sistemlerinde gerilim seviyesi ylkselmeye devam
etmektedir ve bircok pahali ve glrultiye hassas
elemanlar bu sistemlerin kontrolinde, korunmasinda
ve izlenmesinde kullaniimaktadir. Dolayisi ile gecici
durumlara tepkisi (transient response) ve
elektromagnetik etkilesimleri gerilim
transformatérlerinin dizayn ve calismasina gok siki
standart ve regilasyonlart sunmustur [1]. Ayrica
elektronikteki ve optik alanlardaki yeni gelisme ve
tekniklerin  uygulanmasi  elektromagnetik gerilim
transformatdrlerine karsi yeni alternatifleri gundeme
getirmistir. Son zamanlarda Optik fiberlerin optik

gerilim sensorier ile birlikte kullanilmasi gibi elektro-
optik tekniklerin birgok avantajlari vardir [2,3] Bu
avantajlar; tumuyle dielektrik konstriksiyon ve
elektriksel izalosyon , elektromagnetik girultiye karsi
bagisiklik . kuglik boyutlar, hafiflik ve genis frekans
araliginda olcum vyapabilmesi seklinde sayilabilir.
Ancak optik 6lcum teknigindeki en blyuk problem
elektrik sistemlerinde ©&lgllecek gerilim seviyeleri
karsisinda elektro-optik sensorlerin yuksek
hassasiyetleridir. Normal olarak mevcut optik gerilim
sensotrier potansiyel degeri 5 kV un dzerini direk
olarak 6lcemezler [4], Sunulan bu calismada, yeni bir
optik yuksek gerilim teknigi ile 500 kV seviyesine
kadar gerilimi direk olarak Olgen bir optik gerilim
transformatdrunin dizayni ve uygulamasi verilmistir.
Cok-parcali  (multi-segmented) Pockels sensoéru
dizayn edilmis, sensor uzerinde elektrik alan dagilimi
bir yuk similasyon numerik metodu kullanilarak
hesaplanmig ve ilk testleri yapilmistir. Bu optik gerilim
transformatoéri, yuksek kaliteli bir gerilim boélucusuyle
paralel olarak laboratuvar ortaminda test edilmis,
dalga sekilleri ve performanslari karsilastinimistir.

II. ELEKTRO-OPTIK MODULASYON PRENSIBI

Bazi malzemelerin optik kirilma (refraktif) indeksleri,
uzerlerine elektrik alan uygulandiginda dedgisir. Bu
elektro-optik etkidir. Refraktif indeks uygulanan
elektrik alanm E cinsinden bir gli¢ serisi seklinde
aciklanabilir. [4]

n=no+aE+b|'—_2+., d)

Burada n- elektrik alani uygulanmadiginda” dogal
kirlma indisi, "a" ve "b" ise elektro-optik etkinin
katsayilaridir . (1) numarali denklemin sag tarafindaki
elektnk alaninin lineer bagimlihgr Pockels etkisi . 3.
terim karesel (ikinci dereceden bagimhlik ) olup Kerr
etkisi olarak tanimlanir [3] Daha yiksek dereceden (
E® ve Ulizeri) terimler ise refraktif indeks n "ye az etki
ettiklerinden ihmal edilebilir

Optik modulatortie uygulanan elektrik alani ve sk
huzmesinin yoni birbirlerine paralel veya dik olabilir.
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Bu iki durum boyuna (longitudinal) veya enine
(transversal) modulator seklinde isimlendirilirler.
Kristale uygulanan gerilimi Olgmek igin, boyuna
modulasyonun avantaji ; elektrik alam 1s1§in yayiima
yonunde integrali biciminde olup, potansiyel farkina
esittir. Boyuna bir optik modulasyonlu optik sensor
sistemi basitce Sekil 1" de goruldugu gibidir.

Loty BedBh Bmee “Te ~MEL TR
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SEKIL: 1 Boyuna optik modulator.

Burada da polanzer ve analizer polarizasyon yonleri
birbirlerine diktir. (diger deyisle birbirlerine gére 90°
farkhdirlar) Bu durumda tanigtirnlan ve birbirlerine
gbre dik olan cikis i1sini arasindaki faz gecikmesi T *
[3]-

r=(2/-)"nxL 2)

olup burada A bosluktaki (m vacuum) isigin dalga
boyu. \n tanist;riimig (induced) refraktif indeks
degisimi ve L ise integrasyon uzunlugudur.

Elektrik alani z ekseni (polarizasyon veya c-ekseni )
boyunca uygulandigindan E =E =0 ve E_ =1EI=E dir.
Burada kullanilan optik kristal 4 3 grubunda
oldugundan ve boyuna bir modilatér oldugundan,
V=E x L olarak dikkate alinip gerilim, r ‘nun n 'ye
ulastigr durumundaki de@eri asagidakine esit olacaktir
[3]

V,=;./2 t'l.-,_J | (3)

Kompanzasyon (quarter-wave) plakasi toplam faz
gecikmesi ilave n 14 'luk bir gecikme tanistirdigindan,
iletilen (transmitted) 1sik yogunlugu ,T, cikis ve giris
Istk yogunluklari arasindaki oran olup uygulanan V(t)
geriliminin fonksiyonu cinsinden [4];

T=1,/1=Sin* [TT/4 + % K (V(t)A/,)] (4)

tanimlanir. Kullanilan He-Ne lazer (?, =632.8 nm) ve
tek parca BGO (Bi, Ge,0,,) Kristali (n,= 2.098 ve r,I
= 1.03x10-12 m/V) icin maximum modilasyon voltaji
V.MAx = V2 = 17.1 KkV olur. Bu sonug yizler kilovolt
seviyesinde direk olarak O&lculmek istenen gerilim
degeri icin oldukga kuguktir.

Ill. DENEY SETi VE OLCUM SISTEMI

Boyuna modulasyonlu sensor sisteminin hassasiyetini
dagsirmek. sensOr tepkisinde Olculen degerle
dogrusallik saglamak icin kristaller Sekil 2 ‘de
gorulen ve hi¢c bir elektro-optik etkisi olmayan
aralayicilara (spacers) yerlestiriimiglerdir.
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SEKIL: 2 Cok dilimli Pockels élciim sistemi.

Cihaz igerisinde sensdr elemanlari dilim seklinde
BGO (Billium-Germanium Oxide) kristallerden olup,
araliklari ortasi delik dielektrik malzeme (PTFE) ile
sabitlenmis ve kristallerin ekseni boyunca homojen
elektrik alani elde etmek icin kenarlari ovallestirilmis
paralel yuzli princ elektrod sistemi icerisine
yerlestirilmistir. Uygulanan yiksek gerilim -altinda
kirllma gerilimini arttirmak ve elektrod araligini
azaltmak igin sensdr sistemine 1 atmosfer (760 Torr)
basingta SF, gazi doldurulmustur. Sensor sistemi
celik masa, elektrodlar ve aliminyum bir Ust levhadan
olusup silindir seklinde bir akrilik fanus (chamber)
icerisine yerlegtiriimistir (Sekil 3). Ust levha etrafina
korona desarjini bastiracak bir toroidal metal halka
yerlestirilmistir (Sekil 4). 8 Pockels kristali aralarinda
toplam d=110 mm olacak sekilde yerlestirilmistir. Bir
He-Ne lazeri 1sik kaynagi olarak segilmis ve genis
coklu optik fiber kablolar (giriste 200|xm ve ¢ikisa 480
(j-m) ile bir foto-multiplier optik link igin kullaniimistir.
Fotomultiplier tiplinde elde edilen sinyaller gok hizli
ve kaydedici bir osiloskoptan izlenmistir. Optik
odaklama mikroskop lensler ile yapilmis ve optik
baglantilarda fiber birlestirici bilezikler (sleeves)
kullaniimistir.
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Yiksek - Gentim Ucu

olacaktir. Sistemde d= 110 mm, d,= 1 mm ;= 632.8
nm, ¢, = to, n= 8 & = 16¢, n,= 2.098 ve r,,= 1 03x
10  mA/ oldugundan, hesaplanan V* degen tek bir
BGO kristalin yaklasik 200 katidir.

T

Test IV. BASLANGIC PERFORMANS TESTLERI
. Hicres)
. ! / Bu optik senstr sisteminin temel amaci yliksek
Anedizor gerilimin herhangi bir yardimci cihaz kullanmadan

direk ve hassas olarak Olgimu oldugundan, dedisik
dalga sekillen ve frekanslarda gerilim uygulanmadan
, \ once su iki on test yapiimistir

padm
Kristal > \
Dimier ol E:e/""’d*“ i) SFs dolu fanusun sizdirmazlik testi,

ii) Deney elekrod setinin voltal testlerinde kirilma

Polarzer (breakdowvn) gerilimi  dncesinde tasiyabilecegi
Kampanzasgon maksimum gerilim deg@erinin belirlenmesi testidir
Ptakas
E ilk test SF, gaz dolu ortamin_ igerisinde olusabilecek
(e “,._._.\L\:.IJ_L.@. yuksek degerli elektriksel kirillmalardan sonra safhigini
— — — muhafaza etme kapasitesi icin gereklidir Bir vacuum
fl. Optik Fiberli_’ pompasi ve hassas bir basing Olcer ile akrilik fanus

icerisindeki basin¢ 0.1 Torr basinca kadar disirilmuis
ve sonra SF, gaz* 1 Atmosfer de§erine kadar
doldurulmustur

Kirlma 06ncesi elektrod sisteminin tasiyabilecedi
maksimum gerilimin tespiti icin Pockels sensor
elementlerinin yerine cam bir gubuk yerlestirilmis ve
Standard yildinm darbe gerilimi (1.2/50 us) sensor
sistemine her gerilim degerinde 10 kez tekrarlanmak
sureti ile kirlma degerine ulasana kadar artinimigtir.
Bu sartlarda gerilimin 500 kV a kadar degerinde
herhangi bir kirnilma go6zlenmemistir. Bu netice
numerik simulasyon ile tahmin edilen degerlerle uyum
icindedir. 1 atmosfer basing altinda ve duzgln bir
elektrik alani icerisinde SF6 gazinin kirilma elektrik
alan degeri 90 kV/cm olup ayni sartlardaki hava icin
olan degerin yaklasik Uc¢ katidir. Ayrica eger daha
yuksek degerde bir kirilma gerilimine ulasmak

SEKIL: 3 Test hiicresinin acik semasi.

istersek iki olasillk mevcuttur. Ya fanus icerisindeki

Optk Ferhe 1!* basinci  veya elektrodlar arasindaki mesafeyi

/! il arttirabiliriz. Mevcut gerilim degeri (500 kV) pratik glic

_11‘,‘ ! —rt sistemlerindeki limit voltaj Uegerini icerdiginden

% f g‘";*m' aragtirmamizda yeterli bulunmustur.
o
t____-— ®,)

57 mep V. GERILIM OLCUMLERI

T

Sensor sisteminin elektriksel karakteristiginin
detaylica cikarilmasi agisindan de, ac ve yildirim
darbe olmak Uzere ¢ tip gerilim dalga sekli
uygulanmigtir. . De gerilim ise 50-250 kV araliginda
ve bir saatten uzun bir sire ile sisteme uygulanarak
kaydedilmistir (Sekil 5).

SEKIL: 4 dlciim seti sematik gériinimi.
Mevcut sistemdeki V, degeri;

V. =k [nd! + e/ (n-1)d,] /2 no3 rapnd, (5)
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SEKIL" 5 Olgiilen de voitaj sinyali

Ac gerilim testi optik sensére kapali tip bir test
transformatdriinden 50 Hz frekans ve 50 kV ile 250
kV gerilim araliginda kademeli kademeli arttinlarak
uygulanmistir (Sekil 6).

Pockels Serdor
Ay

Referans Bokacu

“Jioimvb». chi” 100 v 'tif.oinis’in*y :4.'v
LI SG OmV -,

SEKIL: 6. Osiloskopta gézlenen ac sinyal cikigl.

Gaz izoleli kapall cihazlarin hizli anahtarlamal
durumlarinda dolagsan dalgalar haricinde yildirnm
darbe gerilimleri guc sistemlerinde g6zlenen en hizh
gecici (transient) dalga sekilleridir.Bu tur gerilimin
yikselme zamani 1-1.2 us ve kuyruk egrisinin yari
degerine disme zamani 48-50 \xs dir. Bu dalga
seklinde sensdriun karakteristigini hesaplamak 6nemli
oldugundan 50 KV ile 400 kV degderleri arasinda
darbe gerilimi sisteme uygulanmis ve dalga sekilleri
osilaskoba kaydedilmistir. Sekil 7 'den goruldugu gibi,
Pockels kristalindeki piezoelektrik etkiden dolayi
olusan mekaniksel titresimler neticesinde go6zlenen
titresimsel (oscillatory) sinyal, bir Fast Fourier Filtre
teknigi  [5] ve Olgilen sinyalden bu etki
uzaklastiriimistir.

AT . :
s "<,,,  Orijinal Pockels Sensor Sinyali
'; 3 \ vS -S : .
st H X" y FFT Filitre Edilmis Sinyalj
g ~ -.\ : \n‘_“}_" / : '
: - ] N :
2 SRR AC YOO
[EF SoTeT RERPRER PR ‘:1-.‘:‘_4:_.‘:. O
£ T o

: el . -
" * —
! ! . -

Kapasitif Re]‘erans Gerilim BOIUijlu

i i i 1 F L

Zaman (20i.'div .)

SEKIL: 7 Orijinal ve filtre edilmis darbe gerilim sinyali.
VI. SONUCLAR

i) Bir optik Pockels optik senséri cok dilimli sekilde

dizayn edilmis yuksek gerilimin &élcimi direk olarak
gergeklesmistir.

i) Sensorde de gerilim olcimleri referans gerilim
bolucusu Olgumleri ile paralellik gostermistir.

iii) Ac gerilim 6lglimlerinde sensOr cikigi uygulanan
gerilim ile glzel dogrusallik gostermis ve teorik
hesaplanmig degerler ile uyum iginde oldugu
saptanmistir -

vi) Darbe gerilimi &lcumlerinde sensér cikisindaki
sinyalin  kuyruk kismindaki titresimsel (oscillatory)
bilesenler bir dijital filtre teknigi uygulanarak elimine
edilmistir-

v) Mevcut sensor sistemi ile gerilim 6lgimleri 400 kV
a kadar ve frekans araligi de den MHz seviyesine
kadar hassas olarak gercgeklestirilmistir.
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Electrical Effects Stimulated by the Electro-heat Treatment in the Multiphase
Dielectrics

A.O. ORUDZHOV
Azerbaijan Technical University
G. Javid avenue - 25, Baku 370073, Azerbaijan

ABSTRACT

it is expehmentally shown, that the electro-heat
treatment of polymer matehals leads to the formation
of electrical effects in their and the change of their
physomechanical  properties. The electro-heat
treatment of polyolefins in the Hquid nitrogen
stimulates in their the themial luminescence,

polahzation and the change of the chemical structure -

of macromolecules. Macromolecules polarize by the
formation of C=0 groups. Itis found, that the intensity
of the thermal Iluminescence increases and the
mechaniGal durability decreases with a growth of C=0
groups.

A complex investigation of the change of
electrophysical properties of polymer dielectrics
stimulated by the electro-heat treatment acquires
great significance in connection with an elaboration of
active dielectrics on the basis of polymers dispersed
by piezoparticles.

Synchronous measured curves of the thermal
stimulated depolarization (TSD) and electro-heat
luminescence (ETL) of polyethylene (PE) charged
under the action of the electric field in the liquid
nitrogen during 3 min. showed, that on ETL curve are
sharply observed four luminescence maximuma at
98, 110,132 and 205 K connected with processes of
the electron release from traps with following their
recombination with ions.

Temperature ranges, where is observed the
luminescence maximum correspond to relaxation
transitions of the polymer structure. it shows, that at
the certain value of applied electric field charge
carriers are injected in the polymer and they are
stabilized at various traps. Trapping levels are set out
in the quasiforbidden band of the polymer.
Maximuma or bends of TSD current are formed on
which establish that not ali charges are recombinated
in relaxation transitions and a part of their are
transported in a volume under the action of an
internal  field except of ETL maximuma at
temperature ranges where takes place the relaxation
of the structure. Thus, the application of the strong
electric fiefcl at low temperatures leads to the
stimulation of the electro-heat luminescence in
polymers and the formation of space charges in their.
in Fig. 1. are presented dependences of ETL and
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contents of C=0 groups on the time of a preliminary
treatment of the polymer under the action of the
electric discharge.
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Fig.1. Dependences of ETL luminosity the content oi
C=0 groups and the logarithm durability of HDPE on
the time of the treatment by the discharge. The
durability is measured at the mechanical stress a=75
MPa, T=77 K.

A preliminary oxidation is carried out by the treatment
of PE films under the action of the barrier discharge
in atmosphere and controlled by measuring of the
content of C=0 groups for the characteristic band or
1710 cm' in IR -absorption of films. it has been
found, that with oxidation (the increase of the
concentration of carbonyl group) the luminance of
ETL increases. The mechanical durability (Ig-r) witn
the increase of the luminance of ETL and the
concentration of C=0 groups is decreased.
Investigations of electrophysical effects stimulated by
the electric field in two and multiphase dielectrics are
of special interest. in Fig. 2 are presented changes of
the mechanical durability in conditions of the action of
the strong electric field of composites on the basis of
polypropylene (PP) and active and nonactive
inorganic fillers: piezoceramic (PZT-19), calcium-
titanate (CaTiO,) and silicon-oxid (SiO,). It is seen,
that the electric field decreases distinctly the
durability, moreover the effect of decrease of the
durability depends on properties of fillers.




‘Fig. 2. Dependence of Ig T =f(a) of composites:

1.
2.

3
4

PP+10 vol.%
PP+10 vol.%

-PP+10 vol.%
-PP+10 vol.%
5-

PP+10 vol.%

PZT-19, E=0.
PZT-19, E=15 MV/m.
CaTiO,, E=0.
CaTiO,, E=15 MV/m.
Sio,, E=0.

6 -PP+10 vol.% SiO,, E=15 MV/m.

The obtained results allow to do following
conclusions:

1. Composites on the basis of an active fillers (P2T-
19) or high-polar dielectrics with piezoelectiic
properties have the high mechanical durability both ai
E=0 and at E*0.

2. The decrease of the mechanical durability in the
condition of the action of the electric field in
composites based on the active filler is smaller.

3. The high mechanical durability at E=0 in the
composite PP+PZT-19 shows (testifies) to the
intensification of the interphase interaction and the
improvement of the supermolecular structure of the
polymer phase between filler particles in this
composite in comparison with PP+CaTiO, and
PP+SiO, composites.

4. The decrease of the mechanical durability at E*O in
PP+PZT-19 composites in comparison wilh
PP+CaTiO, and PP+SIO, composites is connected
with polarization effects and the trapping of charges,
disturbing of the macromolecule in composites based
on PZT-19. The reveal of the mechanism of this
effect has principle significance in the production both
of a passive composites and an active composites
with various purposes. Therefore in the future we well
pay attention to the detailed study of this question.
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Influence of the Polarity of the Polymer Matrix on Thermal, Electric and
Mechanical Properties of Composites on the Basis of Polymers-Nitrides and
Carbides of Metals

KH.S. ALIEV, M.A. KURBANOQV, A.0. ORUDZHOV, Z.A. ALLAKHVERDIEV, S.N. NIFTIEV, LA. FARADZ-ZADE
Azerbaijan Technical University
G. Javid avenue - 25, Baku 370073, Azerbaijan

ABSTRACT

Results of the investigation of the heat conduction and
electrophysical properties of composites on the basis
of polyolefins and nitrides and carbides of metals are
given. it is shown, that the increase of the polarity of
macromolecules of powdered polyolefins by the action
of the electric discharge in atmosphere leads to the
rise of the thermal conductivity and mechanical
properties of composites. This effect is explained by
the intensification of the interphase interactions due to
the polarity of macromolecules and the formation of
chemical bands betvveen the macromolecule and filler
particles surfaces.

The used sealing materials in radio and electrical
engineering must be characterized with the great
efficiency of the heat abstraction and high insulating
properties. Inorganic fillers with various dispersivity
are involved into polymers in order to increase their
heat conduction. Inorganic fillers abruptly change the
supermolecular structure of the polymer and by own
heat conduction increase the thermal conductivity of
the composite as a whole.

The great potentials of unique packages of thermal,
electric, mechanical properties and the structure of
the polymer and nitrides-carbides of metals make the
composite system of polymer-nitrides and carbides of
metals advantageous materials for the creation of
heat conductive dielectrics. Such an approach gives
the special importance to the determination of the
contribution of structure, thermal and electric
parameters of separate phases and phenomena on
the phase boundary of the polymer-particles of
nitrides and carbides of metals in the formation of
heat conductive properties of composites. in this work
results of the investigation of the above-mentioned
properties of composites obtained on the basis of
polar polymer polyvinylchloride (PVC) and low-
density polyethylene (LDPE) are carried out. Then by
the treatment of LDPE in the condition of the action of
the electric discharge the influence of acquired
polarity on the heat conduction and physico-
mechanical ‘properties of composites is studied.

For more detail reveal of the role of the acquired
polarity of the polymer phase LDPE powders have
been previously treated in conditions of the action of
the electric discharge and then composites on its

basis with the use of BN and AIN fillers have been
obtained. We consider, that in conditions of the action
of the electric discharge in PE the oxidative break-
down processes develop actively and cause polir
groupsofC=0, C O, -C-O-C-In lts macromolecule.
In order to find out causes of the rise of the thermal
conductivity of composites changes of infrared (IR)
spectrum of PE treated by the discharge have been
investigated. Afterthe discharge in IR-spectrum ot PE
bands of carbonyl C=0 (1700-1750 cm'),hydroxyl
OH (3200-3600 cm-') groups and double hydrocarbon
OC bonds (1640 cm") appear. IR absorption rises m
regions of 1120 cm™ (ozonides) and 1280cm:' (ether
cat walks). The intensity of growth of new bands in IR-
spectrum of LDPE substantially depends on the
power and time (t) of the discharge action. The power
of the discharge is varied by changing of the voltage
(U) amplitude impressed to the test celi.

aoe{ o
8,0
JL} coif os
m-K
16
* 17 o(!n
A B DI
15 ¢ 000 [

| .
Fig.1. Dependences of the thermal conductivity (k)
and the optical density (D,) on U. t=const.

1 - D, in the band of 1230 ¢cm"’; 2 - D, in the band of
1650 cm™'; 3 - D, in the band of 1735 cm"’;

4 - D, in the band of 3380 cm™’; 5 - X.

It is necessary to estimate changes of the intensity of
the above-mentioned bands and the thermal
conductivity of composites depending on U and t for
the reasonable choice of treatment conditions. Tili
present the role of each of these groups in the change
of the thermal conductivity of polyolefin composites
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are not studied. The comparison shows, that there is
the certain correlation between dependences of x=
f(U) and v=f(U), corresponding to polar oxidizer
groups of C=0 and C-O-C (fig 1.). The sufficient
correlation between the magnitude of X and the
intensity of C=0, C-O-C, OH groups is found. it is
seen, that for choosed t the regularity of change of X
from U practically coincides with changes of IR-
absorption intensity of polar C-O-C, C=0 and OH
groups on U.

62
MPe
62
61

60
g

Fig. 2. Dependence of a, on W . 1 - LDPE + 70%
mass BN; 2 - LDPE + 70% mass AIN; 3 and 4 - LDPE
+ 70% mass BN and LDPE + 70% mass AIN (treated
by the discharge), correspondingly.

The lacing of molecular chains ( the formation of
space gauze) of polymers decreases the mobility of
macromolecules and therefore makes difficult the
dispersal of the heat energy defining of the magnitude
of X of the composite. Macromolecules with polar
groups tend to the formation of Chemical bonds with
the filler particles surface and thereby the change of
relaxation processes on the phase boundary. in this
case arise chances of the formation of chemical
bonds with the filler surface and the intensification of
the interphase interaction. Really the strong electric
field maintaining the orientation of polar groups to the
filler particles surface may arise near polar groups
and thereby change the polymer structure. The
orientation of several neighbouring polar groups in the
polymer chain to the filler surface may cause the
improvement of the condition of the formation of
chemical bonds on the phase boundary.

The change of the spectrum of thermodepolization
njrrent (TSD) of HDPE+BN composite, obtained on

the basis of HDPE (high-density polyethylene) treateu
by discharge is the confirmation of this.
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Fig. 3. Temperature dependence of X. 1 - LDPE +
70% mass BN; 2 - LDPE + 70% mass AIN; 3 and 4 -
LDPE + 70% mass AIN and LDPE + 70% mass BN
(treated by the discharge), correspondingly.

it is was found, that in TSD-spectrum of the
composite on the basis of treated HDPE is observed
the distinct growth of the amplitude and width of the
second maximum of TSD current, corresponding to
the relaxation of charges on the phase boundary. il
shows, that the discharge treatment increases the
concentration of the localization centre of charges
responsible for the maximum of TSD. Experiments
show, that with the increase of the concentration ot
polar groups (C=0, C-O-C) the amplitude of the
maximum of TSD current and X rise, and it shows the
interconnection of processes of the formation of
strong polar groups and growth of the thermal
conductivity of the composite. From curves of TSD
current by the method of initial inclination the
activation energy of the trapping centre of charges on
the phase boundary depending on the condition of the
treatment has been found. in our experiments it is
changed from 0,6 to 0,82 eV.

The regularity of the change of the mechanicai
strength of composites from the energy of the
discharge-treatment shows, that processes
developing on the phase boundary increase the
mechanicai strength of the composite. The increase
of a, with w, of composites (Fig. 2), obtained on the
basis of LDPE powder previously treated shows, thai
the discharge treatment leads to the intensification of
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Fig. 4. Temperature dependence of tg6. 1 - LDPE +
70% mass AIN; 2 - LDPE + 70% mass BN; 3 and 4 -
LDPE + 70% mass AIN and LDPE + 70% mass BN
(treated by the discharge), correspondingly.

the interphase interaction. This is the extremely
important resuit in the elaboration of high effective
heat conductive composites with high physico-
mechanical properties.

Temperature dependences of X, tg6 and the
deformation (Fig. 3, 4, 5) also indicate to the
intensification of the interphase interaction in
composites on the basis of LDPE treated by the
discharge: temperatures growth of 1gd, the
deformation and the drop of X increase. it is
necessary to note, that the electrical strength of
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Fig. 5. Temperature dependence ot the defoimair.;,.
(D). 1 and 2 - LDPE + AIN and I.DPL: > B1J
(untreated), correspondingly, 3 a-id 4 - irffMted t n".
discharge.

composites on the basis of the polymer ulu-..-
previously treated by the cli®,-twye mcA\ -, « * n*- -1 -, ..
the filler is practically equal to the elodncai LIKMUJUI
of untreated composites.

in conclusion we note, that though tnc eftect of n*" .;
the thermal conductivity and physico-mocliaiuc;.i
characteristics of composites on the bash ul
polyolefins and nitrides-carbides of metals as a it:,,-,
of the discharge treatment has been experin;entali,-
found, but definiti'ely predicting of the mcchaiii.;:n
this elfect stili waits for its soluticn.




Influence of the Electret State of the Polymer Phase on the Piezoelectric
Effect in the Polymer-Piezoelectric Composite

A.O0. ORUDZHOV
Azerbaijan Technical University
G. Javid avenue - 25, Baku 370073, Azerbaijan

ABSTRACT

Results of investigations of the influence of the
electret  state of  polymers on  piezoelectric
characteristics of composites produced on the basis
of their are given. it is expehmentally shown, that an
existence of high-concentration surface traps in a
polymer phase limits an injection of charges to
piezoparticles boundahes. The decrease of the
boundary charges magnitudes leads to a noneffective
polahzation of the piezophase and therefore the
deterioration of piezoelectric properties of the
polymer-piezoelectric composite. Thus a polymer
phase is not a passive phase in a piezocomposite and
in a choice must take account of it electron state.

Electron and polarization properties of piezoelectric
composites are distinguished from similar properties
of components due to the existence of special
boundaries formed as a result interactions between
piezoparticles and polymer chains. The existence of
the interface layers in composites causes to the
intensive polarization on the polymer-piezoelectric
phase boundary. Therefore the investigation of the
influence of the electret state of the polymer phase on
boundary polarization processes is of great interest,
since  precisely these phenomena determine
piezoelectric properties of the composite in the end.

Experiments showed, that electrets used as a polymer
matrix (polyethylene - PE, polypropylene - PP and
polyvinylidene fluoride - PVDF) are arranged in order:
PE, PP and PVDF with the increase of the electret
charge magnitude (Q,,). The reverse order (PVDF,
PP, PE) are obtained for values of the piezoelectric
modulus (dy) in composites on the basis of these
polymers and piezoceramic PZT-5A (Tables 1 and 2).

Table 1. Values of the electret charge for polymers.

that the magnitude of the stabilized charge is
determined by properties of the polymer.

Table 2. Values of the piezoelectric modulus of
composites. The volume fraction of the piezoceramic
is 50%.

Composites d33, PCIN }

PE+PZT-5A 60

PP+PZT-5A 80
PVDF+PZT-5A 120 |

For composites based on these polymers the process
of charge stabilization is determined by interface
phenomena, the polarization of piezoparticles and the
concentration of electrode and boundary traps.
Experiments show that PE, PP and PVDF are
unstable although the magnitude of their effective
surface charge density is enough high after the
polarization. The magnitude of the total stabilized
charge (QTSD) IS determined from curves of TSD
current and the electret charge (O" by the induction
method with the compensation of the electret
potential difference. in table 3 are given magnitudes
of QTSO and Cu depending on the volume fraction (<t)
of PZT ceramic for PP+PZT-5A composite.

Table 3. Magnitudes of the total stabilized charge and
the electret charge for PP+PZT-5A composite.

.
0, vol.% Q,so, 10"C/m? Q,, 10"°C/m?

5 25 0,08

10 2,8 0,06

20 6,5 0,024 !

30 11,6 0

40 16,1 0

50 26,9 0 f

Polymers Od, 10"*C/m?
PE 8,7
PP 54
PVDF 4,02

Curves of the thermal stimulated depolarization
current (TSD) for PE, PP and PVDF polymers show,

One may assume that polymers having high-
concentration surface traps, are a good electret, for

example, PP in comparison with PVDF. Therefore
composites obtained on their basis will have low
piezoelectric properties due to the following

processes.
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1. Existing deep surface traps of high-concentration
limit the charge injection to the composite during the
polarization.

2. The electrode deep traps hinder with the
accumulation of the injected charges on the polymer-
piezoparticle boundary.

3. Injected charges trapped by surface deep traps
determine the magnitude of the electret charge of
starting polymers and composites in smaller volume

fractions (<. 20 % vol.) of PZT-5A (Table 3).

4. Charges stabilized on the polymer-piezoelectnc
partide phase boundary determine the magnitude of
the piezoelectric modulus of the composite.

As a conclusion of these results we may say that ai
the choice of the polymer phase it is necessary to
take account of electron states of the polymer phase
and therefore the polymer phase is not the passive
phase of the composite.
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ABSTRACT

in this work results of the investigation of an
elaboration of new piezoelectric materials on the basis
of polymers and piezoceramics of lead-zirconate-
titanate family (PZT) are given. The essential
attention is taken to the rise of an efficiency of
transducers both on the air and under the receive
condition for medical devices. The electromechanical
coupling coefficient increases by the selection of the
compound and structure of the composite
components on the air and as a rule these materials
have the high mechanical quality. It is necessary to
have elements with the mechanical quality less than
50 to increase the resolution of endoscopy devices
under the receive condition. Thus, having effective
transducers working under conditions of the
piezoelectricity and inverse-piezoelectncity one may
increase the receive-circuit gain of medical devices. in
this work the special attention is taken to Korotkovo's
transducers tones applied for the measuring of the
blood pressure and the obtaining of the
phonocardiogram.

Medical acoustics is an intensive developing field of
sciences and technology. Internal structures of an
organism, dimensions, coordinates and a pathological
state of separate organs are determined by means of
the ultrasound diagnostics. The ultrasonics is widely
applied in the microsurgery, therapeutics, in
particular, ophthatmology.

in this connection an elaboration of more effective
new piezoelectric materials for the medical acoustics
is an actual problem. in this work we present results
of the investigation of an elaboration of new
piezoelectric materials on the basis of polymers and
piezoelectrics of lead-zirconate titanate family (PZT).
Following demands of piezoelectric materials for
medical acoustics are made: the acoustic impedance
must be equal or close by the acoustic impedance of
muscle; the low mechanical quality (Q<300); the high
piezoelectric modulus (d,) and piezosensitivity
(g,j=di/e); low dielectric constant (e) and tg6; high
electromechanical coupling coefficient (k,) and
physico-mechanical properties. '

Let's note that existing piezoelectric materials (PZT)
have the high piezoelectric modulus and therefore
under the condition of the inverse piezoeiecinciiy tney
have high enough radiating power However, high
(ieectrnic constant and mechanical qua'ny aecrease
;e sensifivity under the conditioii U

piezoelectricity and the resolution of transducer as v,
whole. The abrupt distinct of the piezocerairuc
acoustic impedance from the biological tissue leads
to the loss on the transducer-tissue boundary.
Materials that we suggest combine high physico-
mechanical properties of polymers and piezoeiecmc
properties of ferro-piezoelectrics. Morever
piezocomposites in the conservation of high physico-
mechanical properties have the acoustic impedance
that equal to 1,8 kg.m.s., i.e. close by the muscie
acoustic impedance.

Polyvinylidene fluoride (PVDF) is used as a mairix of
composites. Multicomponent piezoceramics of lead-
zirconate-titanate (PZT) family are used as an active
filler. Samples are prepared based on iho
homogeneous mixture polymer-piezoparticles by noi
pressing method. The diameter of piezoparticles "
changed from 63 to 100 |im, the volume fraction o
the piezophase from 40 to 70%. Thickness of samples
is varied from 80 to 200 um.

The piezoelectric modulus of composites is measurea
in the quasistatic condition with the error not more
than 8%. Magnitudes of the electric intensity and the
temperature polarization of composites are limited by
the electric strength and the melting temperature of
samples.

Table 1. Electrophysical ~ characteristics  of
piezoceramics and piezocomposites that we obtained.

PiezDoeramics PiezDoomposites _i

Parameters ;
PZT-7A | PzT-5H | PVDF+ | PVDF+ |

PZT-7A PZT-5H |

cb,,pC/N 95 593 160 90 |
£ 450 3400 100 110 |
tos 0,05 0,02 0,01 0,015 i
gn.VnVN 0,024 0,02 0,18 01 |
Sound I
velocily, 3950 2900 1500 1532 j
s |
Young's ) l|
modulus 1.1-10° 6,1-10" 9-10° 8-10° |
E, M/m’ 1
Q 2000 65 1 40 40 ¢

Electrophysical characteristics of piezoceramics and
piezoeiedric composites that we preparea ene
“""Tip-, cd in The tabla 1. Table 1 shows \\\u" ;.>-
:-ifizc:xXnsitvity of compo“tes in one order more itin,".
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the piezosensitivity of piezoceramics. Mechanical
quality of composite in 1,6 times less than one of
PZT-5H and in fifty times less than one of PZT-7A. it
is also seen, that composites have low tg8. Therefore,
piezocomposites are more effective materiais for the
application in medical acoustics. in particular, for
example in this work characteristics of Korotkovo's
transducer tones (KTT) on the bases of
piezocomposite materials are presented. Experiments
showed, that the composite KTT has the high
sensitivity and increased stability to climatic and
mechanical exposures in comparison with similar
piezoceramic transducers (Table 2). The elaborated
transducers have been designed for the using in the
sealing ring of the medical tonometer.

Table 2. Frequency dependence of the ratio of the
sensitivity of the composite KTT (y) to the sensitivity
of the KTT-1M type of the ceramic transducer (Y, )-

¥ o
fHz | PVDF+ PVDF+ PVDF+
PZT-7A resn+PZT-7A | resin+PZT-5H
20 09 12 10
30 09 12 1.1
40 09 12 1.1
50 09 122 1.1
80 09 122 10
70 09 121 10
80 09 121 10
100 09 12 10
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With the purpose of the decrease of the compliance
of the piezocomposite element for KTT the inim
component is involved into the composite to increast.-
ihe interphase interaction. The resin is used as a inim
component. Firstly, piezoparticles are capsulated uy
the resin and then capsulated particles are involved in
PVDF. Thus, content of PVDF+resin+piezoceramic is
obtained.

In table 3 the main characteristics of two and thiid-
components piezocomposites are compared. The
volume fraction of components: 35% PVDF, 5% resin,
60% PZT-7A. it is seen from tables 2 and 3, that KTT
based on the third-component composite have high
electrophysical and mechanical characteristics.

Table 3. Electrophysical characteristics of two ana
third-components piezocomposites.

Piezooompostes
Parametets
PVDF+PZT-7A | PVDF+resin+PZT-7A
da.pON 160 170
8 100 100
s 0,01 0,012 i
g-aVm/N 0,18 0,192 i
V.rmvs 1500 2000 )
E. i 9-10° 4-10* E

The simplicity of technology, ecologicity and higiii
electrophysical and mechanical parameters will favom
to the large application of piezocomposites in medic;:i
diagnostics and therapeutics undoubtedly.



