Sabine Domaradsks

EFFECTS OF ﬁOU!IBING SURPACES OF THE MALL CAS2003
GAP OR THE STATIS?ICAL TINP LAG OF A DISGHARGE

‘lE Introduction

Presence of f{ree electrons is & necegsery condition for a ¢ischarge o
oceur. Low probability of appearance of an incepting electron in e ga-
geous gep ie responsible for m delsy of & diechargs. 4 »tatistical ~ha-
ractar of the 1iberstiop process of free electrons resulte in stetisti~
cal character of the discharge tims lag. it hea been shown in (2] that
the ptatistical time lag of a diecharge in s small geasedus gap ie given
by Weibull's distribution of a shaps paraseter, determfned by the rate
of apreaarance of the electrons, capable o!_ initiating & discharge,

Yhe probism of the source of a dischargs inoep’ ive electrons has bezn
studied By & grsat number of research workers, witio % however satisfac—
tory resulta [1,3,4,5,8]. , |

A gessous space is a well known. source of the elcotr as, which initia-
%“e a diecharge., A gaasous spéce containe, apart from neutral particles,
aleo carriers of electric charges. Radicactivity of the Earth, cosmic ra-
dtstion and ni‘.her incidental scurces of "hard* radiation sre the sources
of *he elpgetric chargss, Concentration of the nimospherie air ious is low
+ne average fizure baing 1000 pair of positive and negative ione per 1
oiletm. 3t111 wuch lower is the concentration of free electrons -~ 10 per
1 ma.om, as teir 1ife in alr is very ashort. The sbove Ligures are eppro-
xim-:te‘cn.l,v - %he mesmemen{qu“ahow.'ror instance, that subject to the
atzortarie conditione, the aumber of ions could vary cousiderably, from
40 to 1500.per 1 cu.ca (97,
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The phenomenon of “detachement liberation® of electrons frem ths pe—
gatlve oxygen ions has bean ao rai-'regardod‘ ag a main source of a die=
tharge inceptive electrons. er, latest teats on & discharge time
lag in an arrangenent of a non-&ni{bm field (painted ‘electrode-plate
electrode) and subsequent calculations of the Tate of emiseion of free
alectrons, submitted in [w] have shown, that the time lag of & dischar
ge at pegative polarity of s pointed electrods 1a mamérably shorter
that at the positive polarity, although far the negetive polarity:

1. calculated critical irolumes are much sdmeller, and

2, due to “escape” of ions from that epece with a drift velocity, the
number of negative i;*na is eviﬁen‘ilr_ lower, i b

The auther of thie ?apér suggestnthat other sources of free electrons
must io this case exist, Ap the eiecfrode surface is part of surface clo-
sing the critical volumé for negative polarity, only that source could be
the extre source of free slectrons. The £icld eniesion (aiso called™cold”
emiesion) i& the best known kind of the emiseion of free electrons, Ho-
wever, in the case of gepa, bounded by metal electrodes, it is applicable
only to high intensity Jields (E > 10 kV/mm). It is interesting to know,
that the field emission can occur at the field intensitigs as low as 4 '
to & kV, but them it wonld be present st points of reduced work.;’unction
or increaped locel intensities, such as irregularities of the cathode sur—
face, cracks of oxygen layers, impurities, etc. Howewsr, all those phenow
mena are pretty well known, so.with adequate control of the electrode
surfaces, they could be completely eliminated, '

»Exoemission” iz other, less inown, kind of the electron emimsion from
a surface. Facts, that certain substances, when radiated and then treated
mechanically or thermecally, become & eource of low energy negative char-
ge carriers, Xnown ag exdelectrons, heve been o' ‘ed in the literature,
That phenompenon, generally,” r-ursmd to as sxoemission of elecirons, is
associated with the r.ehtivﬁlrloi power electron traps on a metal sur-
face, Undoabtedly for instanoce gases abgorbed “on & suwrface onx changes of
& surface, due to yarious chemical resotions, would affect thie phencse-
non. According to {3] liberation of elactrons from negative icna, sbsor=
bed on & surface, is responsible for the emission of appr:nx. 102 to 103
electrons Trom 1 Bg.cm in one gpecand,
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A completely different modsl of the eaission has besn proposed inf7].
Phe suthor is of tiw- opinicn that on a purface of aa insulating msaterisal,
"dwarf® svalanches come into heing, tp increase the field local intensi-
ty (the avalanehos are dua to microfields, resulting from charges of an
sarlier d.iachnrgl). Ehiasian or tire electrona from g dielectrie deeper
1ayex:s, uhich -partly mmtmlize that charge and partly contr:l.hute in 1:;1-»‘
tiating a- ‘new discharge in a ,gaaooua spuca, takes than place, Please re-
fer to [2] for more dsteils; about different kinds of the surface electron
enission. .
fo sum up, 1t is ocertain, that none of the presented mechanisms of the
surface clectron emissiocn is sufficiently supported.' Nor there are relia-
ble‘e:::peﬁ.mental data to promote any of the described models.

Ususlly authors proposs interpretations guite satisfactory for the
effects they have noticed, but useless for the phencmena, observed by
others: The situation ig further complicated by the fact, that as shown
by Waters [11], not only the material of the cathode but also material
of the anode considerably affects the discharge time lag.

2, Seope

The problem 0f exmsining the phenclmens associated with an initiation
of o dimcharge (and in oonsequence the problem of mources of the elec-
trons, initiating a discharge) seems to be particularly intereating in
the case of gaseous gaps of small size. Such gape are found in prasctical
insuleting arracgementa, as & result of technological procegg inaccura-
cies, The size of such ga;-)a is Vg1 n’. It seems true, considering all
that we have said before about the sources of 2 discharge incepiive elec-
troms, that the surface closing the gap is in this cege, the only source
of ths slactrons, However, the mechanism of the emission haa not been
fully recognized yet,

Hence the paremeters of the surface, which effect this phenomenon, are
alwo unknown and therefors hard to control, when performing the teste.For
those reasons we have degided to vary them deliberately in our tests and
then, by measuring the time lag, to find out the difference, if any, in
the intensity of the emission of electrons, capable of initiating a dls-
charge,
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Our gtudiss have covered iie effect of polarity of a charge artificislly
impossd on a dislectric on a discharze tims lag.

32 Taste

3. 1.5 1, illustrates the arrangement for ihe geasurement of a dischargs
time lag., 4 progrosmed cirouli-bresker LSP is uged for spplying ine re-
quired peiariis voltace whagp tha voltam: =lne vaws aes t gh zero

Flga.?. Test civ.oult for messarement of diecharge delay cinms

® - interference elimipator, LGP - Progresmasd S-n. o onliAng anditoh,
7o aoving-dron voelitoroter, Aty - autotracsTormer o debimatee e
v, UP - grasuring o8ll, TP - teetins tTanelormsr - vOLLamE Ll ue
fimmer, i - test inpedanoe, 0 ~ lightnicy arrmetar, Or/Cz - cave.
M ter divider, OF - osciiloscops, ¥D = trel undt Ler pringer mad
esrd puack, * - time couanter - Cisital o sguency oeter PFL-Z0 t7pe .
TR - saxd panch, Dd - inr punch.

it the same inatant = start pu'se is belng directed we 3 “lme wmt- T
L, which sterts to opernte., A voliage pulu~ whdieh appealy 2% .= b ored?
2% & discharge on ihes jspedance ZE ip mant <o gbop Yad time e 1
¥Yhe sems pules, suitubly whaped, iy directed %0 ibe bxeary .- & . =wl
the voltaxes =nd glec to epergize 5 timer »hioh aooizols " oo ool kEe
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interval betweem the cycles i.e. the salled "rest time® - T .. The lo-
gic output is ooupled with a printer sand a cord punch to record- the
tant r.nultg..

3.2, Eloctrode arpangement )

The teats have besn carried out on a »odel copsisting of a spherical
electrode of 8 mm dia and & flat plate electrode, placed at a distance
of d = 0,4 um fros the sph-rt. A dislesctric has bteen placed on the plate
elent .ue

Semples of pelgetkwlmtarophhhtc (knmm mder a tradename of h.s-
trofol BX}, 20 pm thick and of E= 3,2 permittivity were used. .

tre slectrodes have been piuced in a measuring cell CP, wnich hasz
allowed sasy replacement and setting of the slectrodes,

3.3. Arrangement for placing a M' on dielectrie

Pig.2 is a schematie of an arrsngepent for placing a charge on s die-
1§¢“"-C-

—_ ol I
+ £
b '
— Tl
.

Pig.2. Flectrods arrangsment
1 -~ sagple, 2 - H.V, vlectrode, 3 < detection eleetrode. 4 - in~
suwiating shield ‘

Application of s smuhl- voltage to a pointed electrode has resulted in
the appesarance of & corana on the elsctirode end and in mseqmco a
flow of 3 0ONONSs curreat 30 an sarthed electrode, with a dielectric on
it, As & final result a charge of polarity iderntical to that on the po-
1a%ed elsctrode end has been placed on the dielectric. The charge value
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heae depended on the duration of the corona. Ik our test & charge of &
surface denmsity of 20 pﬂ/mz has been placed on the dielectric,

A grid electrode has been used t0 make the fiald within the area limje
ted by the grid snd the dielectTic ms uniform as posaible '

lE

Fiz.3. Scnemstic of arrangemens for placing charges .
£~y = autocirancsformer of laboratory type, PN - voltage transfommer,
I - reetifier diode, O » filtering capacitance, IN = voltage divi-

der, & - 2,7V, elecirode, 3 - ccntrol grid

“ebe est conditions

It nas been shown, during the preliminary testing, %het the method and
wey of rreparing the samplieg heve hed A marked e®fect on the test course.
Zence, Frest attestion has been given to siriet ohservagce of the technow
iigicel requirenectar

~ 7Ti0Or to testing sll samples nave been tboroughly waehed with weter
&nd wired dry with & fine e¢otiom cloth,

~ then the sampler have been weshed with ethyl alcohol and -stored in
en sir=iizht container with a suitabie, moisture absorbing, éuhstance,

- the 80 vrepezTed samples have been placed on the lower electirode, Cco-
vered with e thin layer of silicon oil, by meansg of gpeclally designed
gtreteoning rings, ‘

-~ +the sur’ece »ondition was bsing controlled -continuously and in the
zage of any"irregulaiities, the samylep were repblished and rewszhed,

- finplly BR.C. test voliage has Deen appliéd and the meppurement pere
rpormed. Then g charge of reguired polarity was imposed cn that semple and
the discharge time lag measured.
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The test resulis have been statistically processed to determioe the
eapirical Weibull's distribution. A program, prepsred by the programmers
of Z6dg Tenﬁniell University, Higb-voltage squipment Teeting Division,

. bas bsen processéd.on s zinl-cosputer, nodel ¥ERA-40C,
The fnllawing have besn eunpuxcdz
1, Parszeters of %he Weidull’s distribution
- shape parmmeter - k
= geale paraneier = T1
- diaplacement p:raleter - !
2, COHIOrnity of the onpirioll distrihution function with a theoreti

3. Average value - E{T)

4, Standerd deviation - @

One fuil cycle (20 me) of ithe power rroqusncy {50 Hx)} woltage has
baen used s & tine uni% in our cnnpuxstiona. The results have been lis-
ted in the Tables belaom,

2; Intq;grlzgtiﬂn of the test EE!E%"

The test resgltﬁ,nlistnd in the accoapanying Tabels, indicate that
the polsrity of e charge, placed on a dielectric, affecte a discharge
time lag. Positive polarity coneiderably reduces the discharge time lag
and alpo reduces scatter of the results, while the effect of the negati-
ve polarity is negligible. With either polarity charge no tendency to
initiate discharges in a specified sina-wave half has been noticed.

The ahcve mentioned observation can be explained by tbe fact, that
when 8 positive polarity charge iz pleced on a dielsciric, the resultant
lasyer of thaf charge cauges the field intensity t0 increaae,

The higher intensity field "is extraeting® the electrona oato the sur-
face, In conpeéguence, such electrons increape “he anumber of g discharge
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inceptive electrons, In the canpa of -nnplla with = negative ‘chargs, the-
re iz ne such.layer anﬂ ths suzface.nsgativa aharg- repuls tha free
electrons into the dielectric deepsr 1ayurs. The presenjed hypothesia
requires further canfirmatdxmh

1

- ] Table
The test results of disdharge delay time
= the charge didn’t place on dielectric
todp Ihmoﬂ;er T, T, © ok E -3 4
Number | Number Hunber | Number
saaple of of - of " of -
period | period period | peried
(S5CHz) | (50Hz) (50Hz; | (50Hs)
: 0,75 | 4093,5 | 0,35 | 399%,3 | 241,0 | 0,35

2 0,9 833,36 | 0,3 811,8 48,95 | 0,3708
| 3 0 1030,85 | 1,0 224,89 12,67 | 0,3584
100 4 0 4737,7 | 0,54 4615 278,6 | G,3511
5 0 9452,9 | 0,48 9208,1 | 555,8 | 0,4875
6 0 6335,5 | 0,56 | 6171,3 |372,5 { 0,3313
i o 9745,8 | 0,655% | 9493,4 | 573,0 | 0,737
8 ) 2208,5 | 1,0 2021,4 {122,0 | 1,0102
1 0 719 1,0 371,8 | 22,4 | 3,0171
y 2 0,9 10,9 [ 0,345 [ 10,7 { 0,6 | 0,485
z 11,6 41,9 | 0,361 41,1 1,8 | 0,592
& o 517,1 | 0,51 312,1 | 20,1 {0,421
10 5 . 9,6 t€13,8 | 0,3894 | 1572,0 | 94,9 | 0,5728
6 | o 812,z | 0,72 615,4 | 38,5 | 0,313
7 0 11152 |o,41. | 918,2 | 24,4 |0,517
.8 o 2131 |1,0 210,1 | 15,1 |o,102

There wers

sbout 30 measurements in sath series.




Tarlae. 2
- The test reaults of diacharge dealy time the
' pos:l.tive chargs planed on dielectric {There
were the oand mplo in Tatle 1 and Tabie 2)
f’c:_t'lp' Hu:;er T 4 1o B ] H
“sample Bumber | Number - ¥umber h_lumber _
of of of of
) preriod | pericd period periocd
{(50Hz) | (50Hz) (5¥=) (50Hz)
1 . 0,94 21,8 | 0,104 21,3 1,2 lz,2057
2 - o 30,3 0, 4001 29,5 1,8 10,7875
- 3 0 212,0 | 0,38 182,0 15,7 1,21
100. e 0 15,0 | 0,46 762,0 16,2 |o, "4
5 0 610,0 | 0,42 600,06 . | 17,9 |1,7
B -0 3875,3 | 1,0 5275,8 518,5 |1,5101
d o7 0,88 | 217,5 | 0,514 | 21,9 12,7 |1,4839
.8 0 1456,6 | 1. | 989,7 59,7 |1,5114
) -1 0 5,5 | 0,4313 553 0,3 lo,7¢32
2 0 12,0 | 0,5243| 11, 0,7 |0,3527
~ 3 0- 5,1 10,57 ) 1,2 {0,785
10 4 0 4,2 0,3 4,1 1,3 10,834
- 5 o - 8,3 | 0,62 8,0 1,3 0,477
6 0,5 e5,5 10,5817] 83,3 4,93 }0,6201
7 0 71,1 | 0,42 52,1 2,8 0,672
’ 8 0 218,0 | 1,0 59,4 7,6 |0,3017

There were about 30 messurements in each serles




Table 3%
The test results of disaharge delay time - the charge
' didn’t place an dielectrio.

toep | Humber| %, | 2| k- 7; 0l ¢ | o
wenple Humber | ¥umber ) 4 Nunbg‘rr Number
; of ot S of of
‘periad | period period | pericd
(SoBz) | (S0H2) | - _ | {50H£) | (S0He)
1 0 7273,8 | 0,9051 |71085,4 1 - 427,7 |0,788
2 0 12141,5 | 0,9079 | 9999,0 ~{ 713,9 {0,4853
3 o 1874,0 | 0,3412.| 1825,5 [ 110,2 |0,1589
4 0 17890,5 | 0,5971 | 9999,0 | 704,5 |0,373
100 5 o 12134,6 | 0,4585 | 81at,3.]  T13,5 {0,2623
6 ) 1238,8 | 1,0 783,2. | © 47,6 {1,7045
7 o 2977,6 | 0,5599 | 2900,5 | . 175,1 {D;6756
8 0 21357,4 | 1;0371 -| 9999,0 |{20743,4 {D,4099
1 1 o T230,8 | 1,00 | =z10,1 12,7 10,2014
p: o | T750,6 10,6547 | 145,7 8,9 |0,6015
3 0,7 | 305,2 10,3044 | 297,53 { 17,9 |0,3002
- 4 o | e970,1 40,457 |5486,6 | 331,2 (0,376
10 5 0,09 | 2211,3 | 0,3372 |2212,5. | -133,5 |0,6236
‘ 6 0 . |17759,% | 1,0 |'9492,3 .| “573,0 {2,8418
7 o %07,1 | 0,377 | ai7,1 27,9 | 0,637
8 0 13543,1 { 1,0 9992,1 | 684,0 {0,763

Thex'é wers sbont 30 measurements in each : rles




Table
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The test resulte of dlischarge d.claa?r'_ -~ the negative
charge plased on dielgctrieftrhere were the same
seaple in Table 3 and fable 4)

8

L ' Huhofberr 7, 2, 1 x E G B
pample Number | Number Number Bumber
of of . of of
.period | period peried period
{50H=z) | {50Hz) {50H=z] (50Hz2)
2 0. 24,5 |'0,5349 | 25223,9 1,4 {0,165
. 3 0,76 4363,6 | 0,2576 4250,7 256,5 |o,3229
4 0,72 1 2700,5 | 0,321 26%0,6 | 158,7 [0,5691
5 0 3481,0 | 0,625 3350,8 | 204,7 lo,2864
100 6 0 3022,6 | 1,0 1677, 1 101,2 {1,4596
7 0 14746,8 | 1,12 §999,9 847,7 [1,7261
8 0 14559,6 11,0 9999,9 | 64,8 10,9802
G o 9650,2 | ©,5066 9439,2 | 69,8 |0,573%
10 0 12339,7 | 0,7385 | 999%,9 | 725,6 {0,2433
2 51,5 | 0,5632 50,2 z.02 |0,068
3 z291,8 | 0,312 | 2232,5 | 134,8 [0,8439
4 0,66 3301,5 | ©,2866 3216,0 | 194,0 |0,8274
5 o 7113,2 | 0,4275 6929,0 418,2 0,337
10 6 o 7739,2 | 0,628! | 7538,7 | 455,1 {0,3G32
7 ] 4475,9 | 1,07 4308,9 | 260,1 [0,9682
) 8 0 4069,5 | 0,7101 | 3964,0 | 239,3 |0,4038
9 ¢,69 | 5663,5 |0,1686 | 5516,8 | 332,9 |0,6103
10 0 9909,8 | 0,5%025% 9653,0 582,7 ]0,3654

Thare wers about 30 measuresents in each geries.
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As ha;l ‘bean nlrudy_ dentioned, our studlies bhave bhesn easentislly, an
athaapt to sxplain the causee of the imceptions of disaharges in very
ampll sman-a apeses, present in pmctimi— arrangements, Th. studies ha-
ve besn carried ot xm & part nf agen&ra.l $rogrex, under the heading
“lact ~igal discargee in grows naé vacm. aspopsorsd by the Polliwh ¥Mi.
“Agiwxy of Bduesnop (Trogr s No. 2,1.13). 1% has been m.ready knewn [7],
thet a gasso.e epace (void), due /¢ its very lisited w.ze, is oot the
only end msin souroe of & dianhargs incertive aleetrons. B

It bag besn therefore guggestsd tnat the surface clesing sucl a ga-
seons void, might be the meip source of the elegtrons. It has been snown
in ,[2] that the statietiosl time lag of & discharges, »hould setisfy the
¥eibull’s c¢istributicn of a shupe peremetier, determined by the rate of
appearsnne of iha Zischarge inceptive electreooa.

Ou- studies have ooncentre;ted on the messuroment and analysis of &
diacharc: time lug, for snnll size gaseous wo:l.:ti,. vergus perancters des-
aribing the surtace, closing (vounding) the vo.fd and mo ey & runetion
of the kind acd preasurs of the gas filling it, The test res:ita have

shown tuat: . - ,
e Kigi o7 a dielecstric co‘n:':.ng cae "f the surfaeseg encleging & ga-

F2oug void, conpideryably - Y ...s p diacharge tine 1:1; expressed ecs e
funrt!an of the rest *iue, Uas of a dielectiric of sigher surfscs resise
savity . . 8 coveriag ¢f & flat plate -elsctrode, has Tumilled, TOT 8 i~
wan oot tdme. o csertein increese of the time lag.

¥, ¥1p8 of the gam used hae Bo visible efinet; mith;: b the d'-trzimr-
£7 Sime ing itgelf, nor on the doet.hargt time lag, expresmed ge # funce '
+o " ¥ the rest time,

- Effeet of tar dieleciric uwod is inveraly properticmal to ihe no-
soltage irverrsl (varvipg from v o 100793". -

4., Ef.sect-pf the dieleciric ua.c-d ip more pronounced ST B ocw is un-
tad for tpe first time thes for a siaple alr-ady ovbIeodsd o T aw o
Tor s prolopged sln.

_5. Positive polarity charge on & dieleciris mufaor odpel 3701y redn
eaa\-a discharrge time leg,
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It peemp that the test resulte support the presented hypothesis l.e.
that in the case of amall volume gaseous voids the effect of the surface
of & dislectric on the discharge inception mechanism is decisive, when
compared with the. effect of the guaseous void itself, It is further evi-
dent that the tests 80 far performed are atill pot fully representative,
40 present a model of such effecta, The problem Ly being further inves-
tigeted. At prepent, it seems tha-.t the mimplest explanation ¢f ths xela-
+ionehip between the time lag snd kKipd of the dielectric, covering cne
of the surfess erclnging s geseous void, is to assume that the surface
repis avity is primerily respocsibie for the emiasion iht.snait:r of the
glectrone for the resi time range from 1 30 100 3, Greateet effect would
eve  charge settling on the welle snclosing & geseous void and mcre
precisely, varisticas, of the chearge concentration op the cathode, with
time, .

¥e can Tur-her say that the teste on & diecharge time lag ss s fune-
tion of the rest time for varicue dielectirics may be one of the methods
to determine the abllity of & dielectric to maintain the partial dischar-
gea, initisted by the voltages (e.g. intersal overvoltages). Tha greater
the slope of the curve T = f(I,, ) the more difficult to maintain s
d¢incharge in & given arrsagement,
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