HIGH-VOLTAGE INSULATOR AND HIGH-VOLTAGE ELECTRIC POWER LINE USING SAID
INSULATOR FIELD OF INVENTION 5The present invention relates to high-voltage insulators which
can be used for securing high-voltage conductors in electrical plants or in aerial electric power lines
and power networks. The present invention also relates to high-voltage electric power lines (HEPLS)
employing such insulators. 10 BACKGROUND ART There is known avoltage support insulator
comprising an insulating ribbed core (in particular, made of porcelain) having sheds and, at its ends,

metal flanges servi fixati insu 0, & Righ-valt _ eq%} a support structure
(cf. High voltage te%%ﬂigi%nAgé@%ggé%%g é&%\%ﬁ @é%%%%%ng c?fjse, 1976, p. 1578).
the prior art insulator consists inPS{ER. IdMBristdNée W@ Igithhg TVBrvoltage a flashover of an air

gap between metal. flanges takes place, and then under the influence of an operational
frequency voltage that is applied the high-voltage conductor the flashover transforms into a power arc
of the operatﬂ%%@%r%ﬁ%%é}%hich can damage the insulator. There is further known a
technicalssolution, aiinegdratept ateetinghthg-ahovedgseibed insulatet framisueh aposweriarc, This
solution consisie,of using so-called rarective.lapaseeHghyoliage leehniguss’ £4. B, V. Razevig
Moscow, "Energiya” Iis%r?g I—fouse, (iré%, p. ) Sslf at are formed with the use of metal rods, that
are 25 electrigally conristtedhparasiol tethetinsalsrorlsithispgusk-siv gapsitsitiverbbetwien the rods.
The length of gaeh of.the Spark.gapRsis:less than a leakage path along the insulator surface, and less
than, a length of the flashover across air. Therefore, in an instance of the overvoltage, the flashover is
formed not across the insulator, hut across the air gap between. the rods, so that the power arc of the
- operatiorial frBgUEReRGUNTS hR@veen the rods, and not 30 across the insulator surface. A drawback of

the insulator emp'%ﬂ‘&as%cﬁe&%%cﬂ%%f%\%@E;‘é'SE%% @EEQ;‘? Jactifatihe flashoyver.acrags fhe gap
results in a short circut of the connecte power Hetwor , which ne esshtates the en%ergency shut-down

of the high-veREgEParitaHat sHvameUuTsishe b setfiaand. at its ends, metal flanges serving

for fixation of the insulator to a high-voltage conductor and to a support structure {c¢f. High
veltage techniques. Ed. D. V. Razevig, Moscow, "Energiya" Publishing House, 1976, p.
15 78).

A drawback of the prior arl insulator consists in that, in an fnstance of 2 lightning
overvoltage, a flashover of an air gap between metal fanges takes place,

and then under the influence of an operational frequency voliage that is applisd to
the high-voltage conductor the flashover transforms into a power arc of the operational

20 frequency, which can damage the insulator.

There is further known a fechnical solution, aimed at protecting the above-
described insulator from such & power are. This solufion consists of using so-called
protective gaps (see “High voltage techniques”. Ed. D. V. Razevig, Moscow, "Energiya®
Publishing House, 1976, p. 287) that are formed with the use of metal rods, that are

25  clectrically connected parallel to the insulator, with spark air gaps formed between the
rods. The length of cach of the spark gaps is less than a leakage path along the insulator
surface, and less than a length of the flashover across air. Therefore, in an nstance of the
avervoliage, the flashover ts formed not across the insulator, but across the air gap hetween
the rods, so that the power arc of the operational frequency burns between the rods, and not

3C  across the insulator surface. A drawback of the insulator employving such protective gap
consists in the fact that the flashover across the gap results in a short circuit of the
connected power network, which necessitates the emergency shut-down of the high-

voltage plant that contains the specified insulator.



2 There is also known an insulator string comprising two insulators which have rods fixed on their
metal connecting teiminals as protecting means against the are formation. Such an insulating string,
in. contrast with the above-described insulator, additionally comprises a third intermediate rod
electrode secured to a metal link in form of a length of 5 chain between the insulators (see, for
example, US patent No. 4,665,460, HO 1T004/02, 19%7). Thus, in such an insulating string, instead of
a single spark air sap, two such saps are formed. This feature made it possible to improve somewhat
arc quenching abilit¥ of the ins&;lato.r stringi q)u‘ig ed with the arc-pnotef;g_in r9d51 qnd_,to nsure the

. here 18 aleo known nEOLator Sing comnrisy PO IRStLalrs Winch hgve I”O?h
guenching of moderaté follow currentasﬂ(’of e orderor {ens o mperes) in cases of single phase-to- 10
ground short eirguits tMowester ctiis:dev deris tatabientotepiercheorregitsxoe ading 0w, which
currents are %{wﬁaﬂ%&wgﬁ% theee-phase-to:orqund.sher clreuits inslightning oyeryoliage cases.
From the technical aspects, the closest prior art for the invention is constituted by an insulator which

has a cylindriCOIHSE e CERE SRR, Lrrdade ArIPECEds BT fh S thG 88 fifst and
second raetatielectradesafie: fixadswhile:-inside:themsuldingaarsia guising®leatradedslocated. This

electrode hag g, pelal protrusion lacated, n fhe cential partof e cylindrical bod fiat epperges to the

.
: = FiOGIT Sat, Saps
surface of the in ng core and functions as an intermediate electrode (‘c‘%}‘ ussian patent No.

2107963, HO¥:Bi7 4l 198 kanramidstancesibictheiigtmiiryovehvo kegeincsiucheiniinshihtor; discharge

develops acrggsithe 20isuriaceQfthesylirdricalinsulaling corgq along.a-shiral pathifrgm,said first
metal electrode through the intermediate electrode to said second metal. electrode. Due to the

increased lenBRASBIHE RASHBUEIDAMh 1 6t rAre s Mol FRFHSH By HHe’ dheraisnBidediency
voltage,iand therefote,theelectricylant thaticontains:titcinsulatohcontinues funttioningAvithout

shutting down, ;Tc'?}uéuré%n%gda%fté‘?:r‘ﬁt]%a'lt%&—r'f%&%ﬂf%ﬂ-Eéé%ha%&?ll %B?'Fﬁ‘é%ﬁ%tz " 3130, 23providgs ightning
protection, i.e. funcfions as a Ilé tning arrester. However, effectiveness of the pfior aft insulator as

the lightning &arrestérgs figfited for the reason that, in cases of substantial atmospheric pollution and/or

moisture accumulation,ag.-welh-@sinsasesief large: overvaliages (excasding 200.4M.4he discharge
does not develop alon.g the long spiral path, but along the sh,ortesg tra%fﬁgg:/t%ty,lwith a 30 breakdown of

air gaps betwSei SAEIE RIS HEN A FEEEINESY, 1Y MUSIAOF et 4B faficion %%F?e lightning
arrester1l5ecaméa.zs}ragmera,sﬁmamzﬁzbwemﬂi_@mauiaisuzla:t@a thetflaghoudr Enﬁh&mémwizm;ansforms into a
power arc. In addion, the. ?E@'z%%&%ﬂ%@ g@&@s&'ﬂg%haeﬂqsmrﬁl%mg&o%f hednsylating.core decreases

the leakage path and, therefore, ecreases allowable voltage for such insulator. Thus, its
effectivenessra arilinsulitdrcaiingsy itretrastvereds &y arrinstilatbris s somited rtiorhere are also
known varioug HE RLs.empleyingicambinatios:ef highweltage dnsulatersxiorisequsing conguctors to

supports, such as towers or poles) and lightnin arresters for protecting such insulators (cf., for
cxample, RSN S 75, FIGEHE Ga: 5008 ALt 1 At BHEAE OF i present
inventioB). InspakeeulbitheradreaknevimitbedE Phscomprismg: thelighthing arrestésswiiich are

configured asyarious, impulseiresiers.and.copnectedingrallelitathe. insulajors (sge dor.gxample, US
5,283,709, HO2H001/00, 1994, and RU 2002126810, HO2H9/06, 2004). -

length of the flashover path, & power arc is not formed by the operational frequency

voltage, and therefore, the electric plant that contains the insulator continues functioning

without shutting down. Thus, in addition to its primary function, such an insulator alse
25  provides lightning protection, L.e. functions as a hghining arrester.

However, effectiveness of the prior art insulator as the lightning arrester is limited
for the reason that, in cases of substantial atmospheric pollution andfor moisture
accumulation, as well as in cases of large overvoltages (exceeding 200 kV), the discharge
does not develop along the long spiral path, but along the shortest trajectory, with a

30 breskdown of air gaps between sheds. In such instances, the insulator loses is ability to
function as the lightning arrester because, same as in a conventional insulstor, the
flashover in this insulator transforms into a power arc. In addition, the metal protrusion

located in the ceniral part of the insulating core decreases the leakage nath and, therefore,
P & ge n s ;



As for the closest prior art for the proposed technical soulution, the HEPL that may be indicated is
disclosed in Russian patent No. 2096882, H02G7/00, 1097 (assigned to the applicant of the present
invention). The prior art HEPL comprises supports, insulators If the impulse arresters are properly
selected and.conpestedyhr prRL A tHERL ensuses arhighlyreliable ightning pretection:Hawever, a
necessity to use a large number of e impulse arresters substantially increases the complexity of the
HEPL, witﬁigﬂéﬁ‘?responding increase of manufacturing and assembling costs, DISCLOSURE OF THE
INVENTION An embedigaent of MWE‘?%%?&J&%/%@PDSS@@%%?%ﬁ?@%ﬁé@i%ﬂ@ﬁ%ﬁﬂ%ﬁ@@r of

moderate manufacturing and operational costs capable of reliably and effectiveI&/ performing the
functions OPEHAMSEIAtST AT ARG Mo dter Ot UTEdiR TS W&y Cthaqlfsdiatdr bt sresent
invention willhe-applicablefemsecuring-pewerdingrelementanarating.yndel.a-high yoltage; for

example hl%%]-volta e HEPL conductors, as well as wires or cables in electrical substations and in
other electfiCafeqtipriéht. 255 Bt s PR~ aRbihe PERBE eI BF e PIESSHRIAVERBA seeks to

develop a highrvoltage: eteciricopawerdine.dHERL) iwith.irapeyedirghpical L ELINAMIG i ous
characteristics, namely high functional reliability when operating under lightning overvoltag]es and a

simplified JESHR(HIR S SotPespHEEI ST b & if chthishrrsonarithr 3t art i EPTS: Afother

technical oytgome pHan embadinentebthe presentinventionggthe improvement of power

transmission reliabilit According to a first aspect of tggdﬁ)resent invention, there is provided a
$1]

high-voltage insu@tﬁﬁaﬁ%fz{?ﬁﬁﬁ%}ﬁ{%@a@&araﬁﬂg%ﬁ Bi*45 % EhribShehtiot afiidtifdtor stack

or string, agcvueliasea hahsveltagecandugtosdran-electieakmstaitioner incan electic power fine.
The insulator comprises an insulating care and a fixing device consisting of first and second fastening

elements, &80 ARteHinG e ldiERts AFENBcRled At O5pEbIite endS BPIREIHEtIAtHY BFRHE first

fastening elementiis senfigired to,capnechreither diractlyonsa connecting meansoiathenigh-voltage
conductor or to the second fastening element of the preceding high-voltage insulator of said insulator

stack or stHAGZThE' 8B (oA S astRn NG Blette Rt ReCTIRGHTEH T BoRRECE BRI RS Stipot b e power
line or to thedirst fastening:elemepiefithesubseguent highrvoliageinsulateninsaid insulater stack or
string. The insulator of the invention is characterized in that it additionally comprises a multi-electrode
system (MESYESFGMFBRRE G S8 & ectrodes mechanically connected with the insulating core. The

MES electrodes areiecated betweanthe.rnds gdnsulatipg corg ansghunger, the ippact:efiadightning
overvoltage are configured to form an electric dischag%e between ing element and an electrode or

electrodes AdfACRAL &5 BEN & THESTTACEHT ISCHBEEY; AMPHSENELR the 3e¥sAd r&hIng
element ang ancelegitode oreleetrodes:adiacentithereto. bedpswiatoralsp geMmgHses meaans for
compensating the reduction of the insulator creepage distance caused by the multi-electrode system.
Distances BTSN HOREERTIES BIARTGHES % MERStRY BB RS Spark discharge gaps, are selected
based on the required breakdown voltage value for these gaps. More specifically, the selected lengths
may be in the ran f 0.5 mm to 20 mm, depending on the voltage class of the insulator and on its
inteynded ubfsgiaéﬁgg EH: th %Hg‘é}ﬁﬁ(ff Itagesg to he dealt wgi]th when using the insulator induced
overvoltages or oyervaltages sesulting fremea diregitlightaing sirkelelbprahwide sangeafprastical

applications of the i ivention, the p,refer%sée value of g corresponds to a few millimeters. . The
number in Of MESCEIECHGTRLAE HStEn e G5 TARM MY CSRERETation 8 A bEF o FAGErE including
the insulaterveHage; classianddme dntendediapplicationighsuch andnstlalgifias welkhagthestype of
overvohages insulator will be handling, the range, of currents in the power are following the
overvoltag L a LERBfibATAF B ARG Sich 4 SIRBBI e dEEEBEA TP el BB RU
2299508, HP&L:k3/ 222007} As willhe. explaineebhelow: i isiady artrgeousitemakeadwmrinimal
number of the electr gqs to be equal to 5, whereas, in instances of high currents in the arc, the total
number of "°8feBtfGHES ifl HE RSO G thES iR HEBH P&l BE fcfe888 % 200 and more. However
(as it should be evideat;ionpergpnsiskilled dmtheirelayant:aet) inkeducing a:adamgetnushesphithe

electrodes to the insulator will result in. a substantial decrease of the insylator's creepage distance,
cauising & SIS MR GHEHBIS AR 1 ts L LG roBRio e e HngF <P IcH 500 Ecthons

characteristics, namely high functional reliability when operating under lightning

overvoltages and a simplified design (with a corresponding lower cost) in comparison with



5a decrease of a allowable maximal voltage at which the insulator may be employed. In order to
avoid undesirable consequences of introduction of the MES that contains a large number of the
electrodes, it is proposed that the insulator be provided with. additional means that would compensate

shortening of the insulator creepage distance caused by the MES. The compensating means are
oreferably AP o 1 BSSELG bAAH AN PRI Sl rac BT R HOSHERH & partof
the electrotles:(fprmings=paisefvad)acent:électrodes;iviyere 3 < k<in - 0, with the length of said leakage
path exceeding the length of the air discharge gap between said adjacent electrodes and the length of
b of the speciiod SLlb et TRe e e s e P A S simencs o
compensatirigipieians. sSeldoting rparticuimeialueioricoand aspeeificlEémbedimentbidaid means
should be made derending pnhe emploves hidh:valtage.ioswaterandigndts speeific fungtianing

conditions.  "According to on€ example embodiment of the present invention., the MES electrodes
have a I-staed BrsfilEniBIRBEWordEPEaeh BISEHEdENS provided wWtF BN ARG le by wmich it is
attached to;the Jpsulating carexand With, @ﬁwj-%@%@ﬁ@:@ﬁgr@%@%omrgmt& agdiagenhslatrode. The

compensating means in this embodiment are constituted by parts of the insulating core enclosed
between tHEfadY R EthEBIREIRSIRE andBy Hitt JapsBeRIEN the is1seioadsd o Jrrarchiteifgtive
embodimegidhpeleetiodes arerembeddes inhe cinsulates, whiledhe sompensating mMeanmare
formed by 3 Iéa%/er of an insulati;g m ﬂi,a,' iegaratlng the 2 gl.ectrod?rsé from an insulator sgrface, and
by cuts (i. 8" el a@%n?{scg Clfcals a‘bO i ?eé%%?ﬁ% est%%ewstﬁé‘” gﬁjgéié; t ietttb8.es"End.
reaching thednsilfatosrsugfacen dntardentivinereasearcie eftagetdistancesaddniecthevinsilatingtsurface
between the adiacent slectrades, & depth of.each oLt preferably exeseds & depth alWhich,he
electrodes are émbaddeds With the 'same‘purpgse the Tistances between the opposing sides of the
segments of stitsg which:80!are (dchteth dedper ithelmtieleedrodési shediipreféyabiy pxeeed the

width of the, cuts.near e InsHlatorsuriacs d & make Fﬁd@ﬂi@é&‘?o\ﬁ’ég%é@fé(ﬁ@&?{}%éﬂgé%l&{reC“O“-

Alternatively, compensating means can be configured with at least one of the insulating elements
located on'thié isuRgp SR seE (TorekEmMpIEcHAdProtst FreE o e ce BRIt O FBY. LFHBEIgle inscut

or each of theuQelements;shall bedogate riﬁzﬁk!g%@éﬂ%ﬁzﬁﬁa@é@ﬂﬁ%ﬁ&?%ai@r&l?%@|§E%¥!QQ?S from
the insulator surface. According tg one embodiment, each Insulating element carries a single

electrode, SE5hEEMN TS ErbBYINEHt (RS Ak TFRSTatify BlemEHs Shapet Si prefettithgfrom the

insulator sefase, bl embeditnenis:oneier Mene:dvageneraleasern:insylalingelemants can he

shaped as ?ne or more of the ﬁgiraléiinsulatin_ sheds rojectin%from the surface of the insu{ating core.
ik 1 2

Eelectrode® ¥ai e AfraRgedShitort ~‘6‘?‘?‘%régﬁ¥§'fﬂati CsHBS AR/ En FEMBIHRY (SEPEratd)

insulating elementst{i.e. thithreaelttiremainihg insulatingelemernt damying asinglebeletirode)tiin the

latter case th 1%%xc!m J total number of the insulating elements is in + n. If at least one spiral

insulating §ﬁe is USEd for carrying one or more of the electrodes, the electrodes are arranged on the
end (or front) surfceaotsaickar tsastbnesingllardranulgple spiclditsutatinthshredrindtkisagse, a cut

in the insulating shegl, shoyld REPLSIeHAONIQIMEd DAWRER C8ENEICHRIBPALSe gaps. More
specifically, the selected lengths may be in the range of 0.5 mm to 20 mm, depending on
the voltage class of the insulator and on ifs intended use, as well as on the type of
overvoltages to be dealt with when usimg the insulator {i.e. induced overvoltages or
overvoltages resulting from a direct lightning strike). For a wide range of practical
applications of the invention, the preferable value of g corresponds to a few millimeters.
The number m of MES electrodes is determined by taking into consideration a
number of factors, including the insulator voltage class and the intended application of
such an insulator, as well as the type of overvoltages insulator will be handling, the range
of currents in the power are following the overvoltage, and conditions for guenching such
arc (these conditions are described, for example, in RU 2299508, HO2H3Z/22, 2007). As
will be explained below, it is advantageous to make 3 minimal number of the electrodes to

be equal to 5, whereas, m instances of high currents in the arc, the total number of



An embodiment of the present invention can be implemented using various types of insulators,
including insulators having insulating cores of substantially cylindrical shape or shaped as a truncated
cone or a flat disk. If the insulator of the invention has the disk-shaped insulating core with at least one
insulating shed, said shed is preferably made projecting from a lower (bottom) disk surface.

According to a second aspect of the present invention, here is provided a high-voltage insulator for
securing, either as a single insulator or as a component of an insulator stack or of an insulator string,
as well as a. higvoltage conduciordn, an, slectrical nstallation o, 80, slagiric ROWEing. The
insulator comprises an msufatlng core and a fixing device consisting of a first fastening element and a
second fastefitielémervidedith feestening Srsnie its o eeteichat. thé o bsite st SRt iSulating core.
The first fastening glementisiconfigured tacanngct,eithar dirgctlyervaconngcting,means, to the
high-voltage conductor or to the second fastening element of the preceding high-voltage insulator in

said insulatoF BRI R, SHE ST PALR AMY STEIRB A IS BRI 8 H8 CORh &6 e support of
the power ling arte:thefirslifasigningelementof thesubsequernthighsyditageingdlator of said

nsulator stack or syinguThenSEIRLeLIe Joveion s eharagierized i et adiitionally comprises

a multi-electrode system (M consisting of in > ) electrodes that are mechanically connected with
the insulatingredpénsa driseatranged 8 sk twippbit aferridtibn e asestir et géibetween
adjacent IVIES gleghiodes::The: MBS ds.afranged atawghdnsulatorieakage-path.along.ene or more of

equipotential lines of electric field of the operational frequency surrour din'%t‘he‘ in uka}t, or. The insulator
further compASEES Hrdtsali % SEESHERRKIG RIBCHEIES PEATHSY BotHESE ey Eﬁ(a §8E6Md linking
gleqtrod&?s is g&pﬁtihi_igg sepat@;_te‘dgfsuﬁmthetimﬂd atitng:ﬂur@e_byeﬂma_iaﬂgammq{:‘rmeiegtripa’ﬂg/oa?onnected by
fts first en.d, galyanically. orxia, .l gap. J;?§p@‘%9£!¥$'¥h‘é‘”1@h£ﬂ?<}°F§Ji;£a@éﬁ<@g%€)4p$!ﬁ@l%@&ﬂﬁg with the

second .fastenin.g element, and. by its'second end via an aif gap respective).y with the first end and
with the secofiél Brgtopiiee MESsdoFcHIatEres sidesvandiegsioan HigRhodiuge Potential is
applied, via the first linkingselactreds; torppaand ofithie MES{hat isdeoneef its.endelectrodes), while
a low potential igﬁz{_mglt@n%ously applied, via th% ﬁeppgd Iin@kifn%le!heggogg,vtq the, other egagl of the MES.
The location SPRERIES 15 iﬁﬁ’}?&?ﬁ%ﬁﬁiéﬁ‘rﬁﬁo SRR Bt SpBiati bh. AP1S HEGIENCy, i.e.
perpendigulaetetheinsuldtend eakagepath trajectorysprattically deesmotrathogthetegeepage
distance. Therefore, the install L‘?ﬁ&ﬂ%@ﬁo’%ﬂ%ﬁc@&ﬁ@n@@iC embodiment does not require any means

to compensate a reduction of the creepage distance, which makes it possible to provide a low cost
insulator while ensutif§Righ FeliaBflity ere o paratRe ot adarrirsiatr ghd as Baightning arrester.
20If the insulaterhas:a.cenical-insplatipghcore, the:AGES shouldbeamanged-andheptiond (flat)
surface of said body %n ulating core). If (he disk insulator (also termed as a.cap and pin insulator) is
formed with c:}?)arzlr(?ev‘rd%Fi §He“(j}§(g‘nntﬁse %%/{f/géergsﬁg%f ’fﬁ%ggﬁsi(cﬁ%%p&g %ﬁjlgﬁ%‘é@?g}%}i iAl%’ln[ggsible to
arrange2be NiES&oty thépseripharyrofithelimsuiatingrovies Howeavern the MESshotid preferably be
located on ong,af the boitom (fial, sufaces.of Said-2RshedSween manAligrnatiyadnsulales
embodiment, the MES consists of at least two sections arranged along at least two equipotential lines,
the lines being HtAFARNYEPaE T 5HiPdEtion oriented at the right angle to the insulator leakage path.
These IVIES sections araiinterfaced byimeansiefdnterdasingeaietirottesHotatedyatdthetids of said
sections and gre 30, ot gonnected with fasiening glements, of (e fhing deviee, Rais ofhe interfacing
electrodes aré inter ovn"neélt“éd’.ﬂ g‘é?vanTcéﬁfy Or via an air aap. For ‘|m.‘p2f¢ment|.ng ‘this embodiment, an
insulatoR¥vith=iecomleafims@aiiny coreeairalselbe ewiployetheprsvevdis it thisntssedtiseativantageous
to use a disk jpshlatarwith, GRRGRIIKIC, ShRAS £Rs 1he IQWekSId8: 8nsulator surface. In order to

increase a creepage digtance along the insulating surface between the adjacent electrodes, a

depth of each cut preferably exceeds a depth at which the electrodes are embedded. With

the same purpose the distances between the opposing sides of the segments of cuts, which

30  are located deeper than the electrodes. should preferably exceed the width of the cuts near
the msulator surface, e, make cuts with the width varying in a radial direction.

Alternatively, compensating means can be configured with at least one of the

insulating elements located on the insulator surface {for example, on the surface of the



of the disk-shaped insulatingThen each section of the MES can he arranged on the end surface of one
of the concentric sheds. According to a third aspegj of the present invention, there is provided a
high-voltage electric power line (HEPL) comprising supports, single insulators and/or insulators

assembled ig.inswlatar:stacks omstangs:andatileast onedighsraltageseanductossenpegtedidirectly or
via coupling means to the fastening elements of fixing device comprised of said single insulators

and/or to theFfirst istiietors B thasinduiRAER StatREBI stHiTgS SEEIFSiAGIE ifsuIRBY BPeatharfsulator
stack or stripngdsdfixeehahene-ebihe suppartsibymeans oha-fastening elementofitadixing.device that is
adjacent to said sup(gort. At least one of the insulators employed in the HEPL is the insulator according

to any of tHBBEBVEHEETBRE b UIMERE RIS HESBEPE S pe ERBEF BB ct B oVing inctional
reliability when dunctioning under lightning overvoltaties, with a simultaneous simplification of the HEPL
design, is achieved due to the fact that at least one insulator (preferably at least one insulator per each
support of the HEBLYPEHERHETASGINBR 16 R BaSicrEREEEhS *5iso s igRth Mo ot ftisn function,
so that thergris,pamped e empley.lightangaiestersuBRIER RESHRIRTIONOf tdeHGYRES

Reference will now be made to the accompanyings wherein: FIG. | shows, in an axial section, the
first emboditféftibtRE TEaISHPWinT S ShitasHEN &R WithsIstiFsde AR ®MFoT T241558d metal
plates; FIGe isnan@rasspeestipnatview of dherinsulater shiewrdanF lenkining FHasidisowsnisman axial
section, the second embodiment of the insulator with a spiral shed and with electrodes shaped as
short metaf&§litftersSthgtear SrbeddR AR THEEHEY: FI6 A1 RACIo58- SUBHIH AT VIR BFHHE sulator
shown in FdGm3nts is &1655 is a partial enlarged cross-sectional view of an embodiment of e spiral
shed of the insulator shown in FIGS. 3 and 4; .FIG, 6 is a partial enlarged cross-sectional viewof

another embodimBnt'of & &firaPSfida Br e fissdldtor Shoilin i FES $armia;*" M#f:°7 {8% front
view of a reginsilaionwith-nssdating.clements afrangedonthesurfagerafitsdnsilating congic 9

FIG. 8 is a partial enlarged cross-sectional view along a line of the electrodes of the insulator shown in
11.G.7; EIGT GTSE BT Hell, Paiallyar Section 6t safisk Msuaior Wit §haI Sieds Shthe lower
side of a diskrsbaped jrsulaling:e0eei each electrode pair.

An embodiment of the present invention can be implemented using various types of
insulators, including insulators having insulating cores of substantially cylindrical shape or
shaped as a truncated cone or a flat disk. If the insulator of the invention has the disk-
shaped insulating core with at least one insulating shed, sald shed is preferably made
projecting from a lower (battom) disk surface.

According to a second aspect of the present invention, there is provided a high-
voltage insulator for securing, sither as a single insulator or as a component of an insulator
stack or of an insulator string, as well as a hi.gh-voitaés conductor in an electrical
instailation or in an electric power line. The insulator comprises an insulating core and a
fixing device consisting of a first fastening element and a second fastening element, said
fastening elements Jocated at the opposite ends of the insulating core. The frst fastening
element is configured to connect, etther directly or via comnnecting means, to the high-
voltage conductor or to the sceond fastening element of the preceding high-voltage
mesulator in gaid insulator stack or string. The second fastening element is configured to
connect 1o the support of the power line or to the first fastening element of the subsequent
high-voltage insulator of said insulator stack or string, The insulator of the invention is
characterized in that it additionally comprises a multi-electrode system (MES) consisting

of m {(m = 5} electrodes that are mechamically connected with the insulating core



5FIG. 10 is a bottom. view of the insulator shown in FIG. 9; FIG. Il is a partial enlarged
cross-sectional front view of the insulator shown in FIGS..9 and 10; FIG. 12. shows, in a front
cross-sectional view, thesame part of the sulatt as in 10FIG. 13 is a front view of a conicalented, for
clarity; transparent pans) with intermediate electrodes arranged along a lower edge of an insulating
core; FIG. 14 is a bottom view of the insulator shown iP FIG. 13; FIG. 15 is a perspective view of
insulators of the invention (presented., for clarity, 15as having transparent parts) constituting a part of
an insulator §trén for a TIEPL, FIG, l?a-i . a front view, gay}i‘allx.imr]ﬁ rsggtf"qir,]&ng a l:(g*li.s‘k“in%ﬁtor with
concentric sHEASSR AT fovidiosTIgPsF & didRs Haped inetfating core s FIE " T71< 4 H6ttom View of the
ins.ulator shewmindBIGEABIES is arfl@ed 8 israBimplifieddpantial sievicofzan pribodiment of a KEPT. of

the invention,, 20FIG. 19 is & simpliiedt preial view of Anoher,embodiment of ihe HEN. «0f the
invention. BEST MODE FOR CARRYING OUT THE INVENTION FIGS. 1 and 2 show a single

cylindrical suBpdfi st B LO0TIEHE ot R RER 25 Hie e tstich B B8 reerdineanPAading a
cylindrical inswéatingscase 2ith iabpisalliasulrting shed!3 sTheaips watoris sedior sgeuring a

high-voltage rcor,]duqtorlsl congductor subjected tq a high volt e).l., for example, in a HEPL of the type
illustrated in ﬁG‘,lrl%‘fF\/\‘?laﬁ ! i mdn{%ﬁ ‘

the'aid's §' FEtal fix ngf' EViEe that consists of a first (ﬁbﬁiér%af%stening

element (notrshewimsandith $edosdiower) fasteringrelein it stBotiidisisalatordg:oonteced

respectively 30witly,a highzvoltage Gandyeionbandwith. a.greunded conductive suppast 46 (see FIG.

18). MES.

10 In an instance of the overvoltage, & high voltage potential is applied, via the first
linking electrode, to one end of the MES (that is to one of its end electrodes), while a low
potential is simultaneously applied, via the second linking electrode, to the other end of the
MES.
The location of the MES being perpendicular to the electric field of operational

15 frequency, Le. perpendicular to the insulator’s leakage path trajectory, practically does not
reduce the creepage distance. Therefore, the installation of the MES in this basic
embodiment does not require any means o compensate & reduction of the creepage
distance, which makes it possible to provide a low cost insulator while ensuring high
reliability of its operating both as an insulator and as a lightning arrester,

26 If the insulator has a conical insulating core, the MES should be arranged on the
bottom (flat) surface of said body {insulating core}. If the disk insulator {also termed as a
cap and pin insulator) is formed with concentric sheds on the lower side of the disk-shaped
insulating core, it is feasible to arrange the MES along the periphery of the insulating core.
However, the MES should preferably be located on one of the bottom (£at) surfaces of said

25  core’s sheds.

In an alternative insulator embodiment, the MES consists of at least two sections
arranged along at least two equipotential lines, the lines being mutually spaced in a
direction oriented at the right angle to the mnsulator leakage path. These MES sections are
interfaced by means of interfacing electrodes located at the ends of said sections and are

30 not comnected with fasteping elements of the fixing device. Pairs of the imerfacing
electrodes are intercommected galvanically or via an air gap. For implementing this
embeodiment, an insulator with a confeal insulating core can also be employed. However, in

this case it is advantageous to use a disk insulator with concentric sheds on the lower side



ACcording to a first main embodiment of the invention, the insulator additionally comprises a
multi-electrode system (MES) consisting of m electrodeg S. The minimal valu.e for in can be
appropriately determined according to a principle that is worked out for of a 10 lone-flashover arrester
of loop typefatediat: 10 kAT (TsTiddinkQe Ehisnarester swidely amployed: inhigh-veltageielgatric power
lines, is supplied with a MES according 10 teachings of Russian patent No. 2299508, H02143/22,
2007, The SHEFHIAG X EHEHCE eXPISRINEARREEAL-10 an-ester confirmed that the arrester is capable
to 5 en.sure a reliable;lighthing pratectiopeen sorition:is,MES.camprises-nat gss;thanal g,
intermediate electrodes, with arc. quenching occurring at the moment of a first transition of a follow
current throtgA%E ST VARTE F akifig oA BTRK thit THERASHABE ST HckscPrslibe SRS power
lines that asesdlesigned fiarvettagaset 3k\.er thevalue rhin fortheinsulater shallmethargsssthan 5.
10According to the shown first embodiment of the inventive insulator, the electrodes 5 are fixed to the

external (pEripITEEH) SHHASLS 6F thi SHIFRFSRet YR s hdicaldd dbByes fiecais an clE Beasrthe

adjacent elegiredest 5:1.6s thedenoths nofspask-discharge-gans. may e selestadiin-arsangs:of 0.5
ram to 20 ram, with preferable gap values corresponding to few millimeters. In instances when high

impulse disERRFgeVoltages (OF the BTde e L D6 8 A EhE, TbFE)abhich-Ca1 Beehr tBRPRRtiator at
instances ofthe:lightning @venialiages-ar when fhis,neressaniio guench.a dischiarggphanns!
immediatel]y after a Iigfgning impulse passes (that i}gé%actically without any follow current at We

operational HEGUENEY) "8 FEUUIFEE RIMBEFHh B e Sledtrbdes SRt Cotreepsbhg 1 ARUAHE and

more. The jeeationekihe N:ED &nd-electiodesih (fisst anddastalestiades) is preferabinselested in 20
such a way tp% ‘,t,ihe Ien%ghs of the spark discharge gaps between each of these end electrodes and
the adjaceRtHIStBY setorl fAStERIHY Sleniéh ar%%%’ﬂﬁgor%‘(%%?éﬁﬁﬁ% &Gl B gSIHERE Parge
enough ligbtaingrevenpliage:isiappliedsiedhe conduetorbieakdewnofthe aingap accwshgtween the
first fastening eile ent inp; shqwn) {onpec;eag Sto the conductor 1 for to its coupl‘in% means, not
shown) antPIRETiRPEIbLTOUE"S loRat 8 TherCorttRtsh 4: Ytdl thar L HEERNrgE deVeihds a
cascade disghamgecwiih seguentialbreakdewns:obthespark diseharge-gapsetween agigeent
electrodes 3 until the discharge reaches the second fastening element 15 connected to the ground
support 16°IPARIE WHhE LoRitictor | becomes connected with the ground support 16 by a channel
consisting of

BRIEF DESCRIPTION OF THE FIGURES

Reterence will now be made to the accompanying drawings wherein:

FIG. 1 shows, in an axial section, the first embodiment of the msulator with a spiral
shed and with electrodes in the form of T-shaped metal plates;

FIG. 2 15 a cross-sectional view of the insulator shown in FIG. 1;

FI1z. 3 shows, in an axial section, the second embodiment of the insulator with a
spiral shed and with electrodes shaped as short metal cylinders that are embedded in the
shed;

FIG. 4 13 a cross-sectional view of the insulator shown in FIG. 3;

FIG. 5 15 a partial enlarged cross-sectional view of an embodiment of the spiral
shed of the insulator shown in FIGS, 3 and 4,

FiG. 6 is a partigl enlarged cross-secticnal view of another embodiment of the
spiral shed of the insulator shown in FIGS, 3 and 4;

FIG. 7 is a front view of a rod insulator with insulating elements arranged on the

surface of its insulating core;



30 a channel section formed between the first fastening element connected. with the high-voltage
conductor 1 and. the first electrode 5, plus a plurality of short channel segments formed between
electrodes 5, as w section formed between, the last electrode 5 and the second fastening element 15
connected to the support 16. 11 A so-called cathode fall voltage of 50-100 V develops in
proximity of the negatively charged electrode surfaces, In conventional discharge systems consisting
of two electrodes (a cathode and an anode), the effect9 of the cathode fall voltage is indiscernible
because the total disgharde voltage fs of {he order.of Klouolts, Howexer, fus 10 (hs.fagt p thal the
insulator of the presént inVention is comprise of"qw € alarge Aamber of the electrodes 2?or example,
for 10 kV voltage:ctask;when-the discharge is to be quenched without the follow current of operational
frequency, this number is abaut,100), the £aihode falk yoliege plavs. AR imperankralgalrihis case, the

main part of the total voltage drop in the discharge across the small gaps between the electrodes
takes place iffFtHeethE8 e FoliegiBP e AR e 9ge part of common energy, which is released from
the discharge chanpetin ghecourse atther dischargehebtwesn.ftide @lectrodes is released just in this
region. As a result ihg efpcliodes are heatad.and. n (his way, ey, spol e dischargs ghannels. After
the lightning overvo tage'cumr:r%ﬁ3 Aeross the electrodes ?a}lls;‘ 0 a zero level, the channel cools quickly,
so that its redidtan@eridcreéases. At the same time, the voltage at the 15 operational frequency still
remains applied to the; insulalor; Howevear.awing 19312508 telalresistan.ee.ofibe.channel 6, the
discharge cannot support itself and so quenches. Therefore, the HEPL using the insulators of the
invention contiftuidd to operate without an emergency cut-off. Thus, the high-voltage insulator of the
inventiomeeffectivelyrperforms a shghtring protectioal function, whiterpriorfart-HER LS heeddor this
purpose special [ghining arresiers, 2009NN1eG1ed 10,0360, INSUIBIAT. 10w T LENSHLS Hahhe insulator
according to the Thvention relia ly performs its ‘main, insufating fnction with an operational frequency
voltage contitasusly applied to it, even when having pollution and/or moisture on its surface, the
Electrical Installatiopg-RegplationssER)ofBussiaiestablished aispeific effective creepage distance
25 (corresponding to an effective creepage distance of an jnsulator or a _ins:uA!ggo_ string sufficient to
guarantee its reliabte furictiSiing ARdEd By the TAHRSE e SHTR EBrTIRtS TS voltagd drop Uper,”).
According to the:RIR; thesyalte pitheapeaifieeifectivé crespage distafioe @);Alvhich is necessary to
the support insulatofatiggs employed. e HEPY, 280 KY andfor plype isulalots amployed on
metal supports, depends on the 3 type ’oPpowe‘r ine and on the voltage class (as well as on the
degree of polititignyaihd e ddanigedfrbritapaddrmivting 492%em/kV (see Kuchinsky a S. et al.. :
Insulation of high-vatiage-installatipns;.M osaow: «Enesrgaatemizdat " Rublishing House, J 987, p. 145).
It follows that the total length Lc - of the leakage path between the conductor. 1 and the 12 grounded
(i.e. is connected wiﬁ{{hb%%&fﬁa%?&%ﬁﬁ%% %ﬁ%}%“%e& g%%%“i@%f%%%n%% %ﬁé?\sef%ﬁﬁhot be less
than detzfmined ac&diding to thenfpllbwingrexbressioh anothponhXtisEi yiTe totall credpage distance
is the sum of:.fhe length (10) of the leakage path 5 between the first fastening element of the insulator
that is connected with the conductor 1 (or with its coupling means 17) and the. electrode 5 that is
closest to the conductor 1; the length of the leakage path between in electrodes 5 (this length equals
ciii-1,tx /), whesesveakipis thmlength viNeakagerpmhivetvaeoNadjacent electrodes 5, see FIGS. 1. and
2); and the length (I]ﬁglé(o}oft ele kageggtg be¥wgen the last (ni-t?Qt{%lq%ode ) ag% @d?dsecond

an 2' show™a single cyindrical stpport Misy made o

25 dielectric (such as porcelain) and having & cylindrical insulating core 2 with a spiral
insulating shed 3. The insulator is used for securing a high-voltage conductor (a conductor
subjected to a high voltage) 1, for example, in a HEPL of the type illustrated in FIG. 18.
With the aid of a metal fixing device that consists of a first {upper) fasiening element (not
shown) and a second (lower) fastening element 15 the insulator Is conpected respectively

30  with a high-voltage conductor 1 and with 2 grounded conductive support 16 (see FIG. 18).
According to a first main embodiment of the invention, the insulator additionally
comprises a multi-electrode system (MES) consisting of m electrodes 5. The munimal value

for m can be appropriately determined according to a principie that is worked out for of 2



10(grounded) fastening element 15. If ii""ki tie"ko= Ifeat," then (1) may be written as: On 1- 1)11eak0=
LIprr>< 1 sp(2) As already mentioned above, the number of in electrodes” is selected to ensure
guenching of the follow current. When. in is known, the. minimal permissible length of the 15leakage
path between two adjacent interm.ediate electrodes 1/""kotan be determined from (2) as fellows: X Is
leakD =P(3) ( m +1) As may be seen from (3), 41@ is determined by the maximal permissible
voltage in the power line,the specific effective creepage distance, 412; and. the number of

20electrodes, I nasn8 SRENTONAL NSRRI NG 19008 Oh 3 INSHIaIRG eakags pRifipal s on. a
spiral trajectory-along the _bo om% la gurﬁace of the insulating shed 3 exceeds a length of the shortest
leakage pathefrotestive isorighowiedc e iscedid fastenihgemehsant s a1oMg aspiraitériied on the

cylindrical insulating. core: Z.Howener. eiranging theiidIES elesiodes2ap&mn thaperipherical surface
of the insulating shed 3 of the insulator 100 results iu sh ing the leakage path al%negzthe spiral

1 | . ten ) e pa I
formed on th&H8EALE REMeIBEMUMBEr Of (AL SR CHE: '”ek%}%({i]g W ATTERGH SFHARIdaKkage path
can becme &essfethammaiz;oﬂi gmia@gwetmtimm.eq@t@meﬁt |aEikhgenpaties|bndyshbéhsednd from the
expression (st suchieltvption il sesitin Aimipishing the prmissible:vallags: b ofhat s in a

. smed eIt are
certain 30 deterioration of Insu ating af)lll y of the insulator 100. To avoid this undesirable

consequence, falks ofmieeldetislies 5eptojeltting Hond P shed 3 preteraplyPRA0E? #8 shown in FIG. 2,
a T-shaped profilecthatiseach of themdas-anarmmw legd-bydngansief vh8auhich thevelectrode is
fixed to the shed 3, and a wide heam. 8. As a result, means for gompensating the MES-induced
shortening of & inSIdT0HI8aKAG *“%q%{ﬁs‘é%r"‘é%é%ﬁgii?fffeé IRt mbodiment of the insulator of the
inventiorsby segmentsofitherspiraiisivedBandtaitigapsdormen betwearihierals doofitideselectrodes 5.
Further, OWin@aE% E&%Aeig%fc} Qiigpx%i {peripheral)} surface of the spiral shed 3. As indicated above, the
distances between the adiacent electrodes 5, Le. the lengihs p of spark discharge gaps, may
be selected in a range of 0.5 mm to 20 mm, with preferable gap values corresponding to
few millimeters. In instances when high impulse discharge voltages {of the order of 100
15 kV and more) which can occur to the insulator at instances of the lightning overvoliages, or
when it s necessary o quench a discharge channel immediately after a lightning impulse
passes (that is practically without any follow current at the operational frequency), a
required number m of the electrodes 5 may comespond to a hundred and more. The
location of the MES end electrodes 5 (first and last electrodes) is preferably selected in
20 such a way that the lengths of the spark discharge gaps between each of these end
electrodes and the adjacent first or second fastening element are egual or substantially
equal 10 g.
When a large enough lightming overvoltage is applied to the conductor 1, a
breakdown (ﬂ" the air gap occurs between the first fastening element (not shown) connected
25 {0 the conductor 1 {or to ifs coupling means, not shown) and the first electrede 5 closest to
the conductor 1; after that a discharge develops as a cascade discharge, with sequential
breakdowns of the spark discharge gaps between adiacent electrodes 3 until the discharge
reaches the second fastening element 15 connected to the ground support 16, In this way,
the conductor | becomes connected with the ground support 16 by 2 channel consisting of
30 & channel section formed berween the first fastening element connected with the high-
voltage conductor 1 and the first electrode 3, plus & plurality of short charmel segments
formed between electrodes 5, as well as a channel section formed between the last

electrode 5 and the second fastening element 15 connected to the support 16,



5electrodes being narrow, their presence results only in a minor reduction of the total insulating length
of the spiral shed). With the IVIES electrodes 5 shaped as described, the cree.page distance
Ireako between the adjacent electrodes 5 exceeds a spark discharge gap length g (see FIG. 2).
Therefore, the spiral. path along the cylindrical insulating core 2 (and not along the spiral 10 shed 3)
remains to he the shortest leakage path from the conguctor 1. to th.e second fastening element 15. In
other words, the insulator 100 acquires properties of an arrester, while fully conserving its insulating
properties. Moreover, in case of moderate requiremerngs ta the insulating. p ies of the insulator
100, the described’ -gﬁ_épee%:é%hﬁhgat%&g ‘é%%é’&ré?jgg 26%51%%%% 'g:{%eld E,rgi)g)Bts{t%o%aIIggatlliﬂr% of the
adjacent 15 eiettrdrietrbut dadredcsvérain narmber{R)SHSHEA PRSIt Halme tlePénding on
relationship hetwegn the.gipepage disiancessalangdhe ripsulating soreqaagealongitberspical Shed. In
practical situations, an optimal value of K lies in the range 3 <k <m - I. airzl%!g el ct;pd,es 5 can

have a more ¥iifipte BRAEAS PO ITEASEHRPE BF SRt bEig Sl ey iidErs™ S8R adaRiage of the

above-dascripeddnsulatare mbogimemnconsistsinithatictan bé ysed drinegionswitlvatsubstantial

atmospheric gollut) --Q’g'(.oerc&:énsaéldeg%?aw]@ %%9-&%“&%%} n.ihe gaps:between. the.elect £JES. 3 and 4
mple em a

illustrate the second exa odiment of the insulator according invention, the insulator 100 again
having the cyfiitietrit dhsfaloa’ witheot dEVRsE PR GTISIING: SF MY TESIShING BIEMents RIS, 3 only the

second fasteping SIgment 1 2433RMm) (Mthihe spital $0etH aad vithdheMESglesipdes S
associated with the Shed. However, in this e%boqimeﬁfti tlfz)g ‘elecf:t[qr es S are f_or{Fed as short metal
parts of a geHErAIRF TR HER sHADEHH Lt AT Rith e’ pracsding st B S aimBnt the"

“the electrodes
are located, natieutsideyzbuitdriside the irfsulatord 08xfmoreispecificathseihside its: 30<pial shed 3). in

addtion, cuts.{, 08 GXRITBIG,SRAEE 43.5lols NG & dcRIhiexcrsting Adepiyofalgeation of the

electrodes 5) and a width a > g (g being a width of the gaps between the electrodes) are formed in the

spiral shed 32§ thatith&eldetisdes Seakesed wdp drdbed FramieacrPotier By<Srist Epamk'discharge
gaps g(with gpreferahliviganesrendingdo.severakmilimeteiccirodhs eleatly shewniden, ajarger scale)
in FIG. 5, in this empodime%&he‘ccﬁ?ﬁngatig means (Wh@igncqrre%@s Ihe cree ?g(g?e{gi&an(:e ),"/0
between the BIEIFOGRYY BRI CorSiitdd 15y ESMBiRaToh of A'Tayer of A material of the insulating
shed 3, the layer:sepdratingrete ctid des:5:frgm thasinf acelofah&insukating shéd:3amn st the cut 7.
This embodimient.as s 2yANAGE pLbald.cesichin MakTackring. Jhaddiion:ikispossible to

obtain a required ereepaae distance //Emu) simply by varying a depth c of the cut 7, that is a depth of
that pan of th&aothP buts deptisWEhas TeCateBifrL PARFY feCHTA T IBEaT fo t CHvEEMSHlator axis,
and/or by varyingsthickress: of the sateriad dividingtberelecirades fromnthe turfaccighthiesshed.

Furiner, as may, 0, Seen o £: 28N etRASSI oL INGISARNG L0 SORRIRls Rqaking width &
of the cuts 7 férger i g.
20  connecied to each insulator,

To ensure that the insulator according to the invention reliably performs its mam,
insulating function with an opérational frequency voltage continuously applied to it, even
when having pollution and/or moisture on its surface, the Electrical Instaliations
Regulations (EIR) of Russia established a specific effective creepage distance

25  {corresponding to ap effective creepage distance of an insulator or ap insulator string
sufficient to guarantee its rcliabie functioning, divided by the largest permissible
continuous voltage drop Upem). According to the EIR, the value of the specific effective
creepage distance (/;,), which is necessary to the support insulator strings coployed i the
HEPL 6-750 ¥V and for pin-type insulators employed on metal supports, depends on the

30  type of power line and on the voltage class (as well as on the degree of pollution) and lie in
a range from 1.4 cm/kV w0 4.2 an/kV (see Kuchinsky G. 8. et al. Insulation of high-
voltage installations, Moscow, "Energoatomizdat” Publishing House, 1987, p. 145} It

follows that the total length Ly of the leakage path between the conductor 1 and the



As shown (on a larger scale) in FIG. 6, th.e creepage distance be"hii can be increased also by
appropriately shaping the cuts 7. For example, parts of the cuts 7 located at a larger 15 depth than the
electrodes 5 can have a shape of a circular cylinder or some other appropriate shape for which shape
distances between opposite sides of the cut 7 below the electrodes 5 exceed the cut's width g near the
surface of the shed 3. Evidently, shapes of this type also produce an inreased /leak() and so improve
effectiveness of the means for compensating the reduction of the insulator IOU creepage distance

resuling from (e ise o 20t electiodss S, ordtshall s Jysheragted thatensnging.on partcular

requirements to the insulator 100 and on a rel onshg@t})e‘ ween its other parameters (such. as the
insulating cofeseiniatal BHESra Bt o tRINEhtt ey Cdfif A PAFEOFIREtRE 7 can have the
above-described special shapes fthatjs,shapes more difficult to manufacture). Similarly,ipnly a 25part
of the cuts 7 can haye the inqggas?d depth.h. ~_FIGS, 7 and 8 illustrate the third example
embodiment of the i\rg’§dfétt%rcg“c?83§’8iﬁﬁtti§ct%ésiftih\f'e% %n?f?ﬁl%hﬁi%ﬂééégid’i %tifg%or(%dé”? &g}nsulator 10 d
on a support kBeymneaiisohitsisecorc fastdningreldrmentaS fommediak ot Omthetsulface of a
hell-shaped 'aﬁl{ly%ms_%g[gﬁgafl&qgsaq spiral line.there ase pesitioned: In insWating:slemepts 9. 30 in

this embodiment, the: insulating. elements 9 function as the compensating means lengthening a
leakage path'B¥vEEHnEakReERaHe R SRR HE TRl Hidd el feutatry Qléllf’léﬁt&%:ﬁnd project
therefrom. Theg insulatingglefpenis ®; farexamplesshapediasplates, s&brbars oneylhders, can be
made, for exgmple, from silican rubber and glued to th insulatin.g.core 2., . According to this
embodiment,%fﬁge@@ét%ﬁ{@i‘gg?% o ,edpggg ééi‘f’%:‘ﬁ?éf’r"g gﬁi%d%r@?(}%.%ﬁ&ﬁg 81‘“\‘5’3/{%3%%6 gg{r% insulated
from eath otherbyisthdlbsparkegapsigifselected in 5 the range of one to several millimeters). Owing
to the use of the cofppensating.meansyepresented Hydhedosulating elements 9, the creepage
distance tke kO of the path between the adjacent electrodes 5 is determined (as shown in FIG. 8) by a
sum, of leak paths ﬁl‘b'ﬁé}t’héﬁé‘dfé@eﬁi’?iﬂsulating elements 9 and a leak path along the in(sblating core
surface between adjacgni:elementsn9q thatis le)tt2ed af In suehodtesignidiean is substantially 10
arger than the length af e Al aap. andiaraes than a lengih olany ot e sleaipdes a, Considering
that breakdown's reﬁg of the air gap t6 which an operationa %requepncy voltage i applied
substantial. lylesteee dsttliseivanget volmifesralonigracp ol tee apdiorwetinstiatg siifade founting the
electrodes onthg insulating elements effectively compensates for a reduction of a total creepage
distance along the line of the electrodes 5 15 location and, in this way, prevents any weakening of
insulating properties of th.e insula};[eg(r Wﬁf@sﬁﬁgltaneously improving its characteristics as)a lightning
arrester. Th.e above-presented inSUlator! BmBddiment is of a special practical interest for the reason

that standard, r_naSSAQ'}Rg\UQQQeEQ%B@?}RQ{;&%|%i@e@%’%@@-Qﬁ@r@&%%ﬁqﬁé%i@%%ﬂﬂﬁwe- However,
a necessity to fix to the surface of the insulating core 2 a large number of 20 the insulating elements

somewhat coffpReaEs! fantifactdbé SPERE hitfRvoitagE e AbFaEEofdinty o M HvEHLYN. Therefore,

it seemo@dvaptageeus1o combine such elements into a. single elongated insulating element or into a
several elongated i'ﬂ?‘-ﬂ'9“rlgm?c')%[“EQStL%a[QaQRjﬁa%t'k”.gg[{qo{} Ahe surface oL i %&[?Pﬁ&'z%“@ 9.COLS: 4 FOr
example, such eIongaieaneremen ore ementse) Can be shaped as a §pfra msul’atmg shed (or as n
such sheds). 25Ther foithembodimentiotthe fsutaide dvebrdng botReivvettibrrsliowh it FIGS. 9
shortest leakage path from the conductor 1 to the second fastening element 15 along a
spiral formed on the cviindrical insulating core 2. However, arranging the MES electrodes
25 5 on the peripherical surface of the insulating shed 3 of the insulator 100 results in
shortening the leakage path along the spiral formed on that surface. If the total sumber of
the electrodes 5 is large. a length of this leakage path can become less than that of the
above-mentioned shortest leakage path. It may be seen from the expression (3} that such
situation will result in diminishing the permissible voltage e, that is in a certain
30  deterioration of insulating sbility of the insulator 100, To avoid this undesirable
consequence, parts of the electrodes 5 projecting from the shed 3 preferably bave, as

shown in FIG, 2, a T-shaped profile, that is each of them has a narrow leg 4, by means of



to 12 corresponds to a modification of a suspension disk insulator and is intended to be used as a
component of a suspension insulator string consisting of similar insulators. On a lower (bottom.)
surface of a disk-shaped. insulating core 2 of the disk insulator 102, there are formed two insulating
spiral sheds. One of them (a shed 10) performs only the 30 insulation function, that :is it serves for
ensuring a required value of a minimal creepage distance in conditions when. the MES is present. In
the body of the second insulating shed (the shed 3) a number of the electrodes 5 are embedded. The
electrodes arg,divided by.gits 7. whieh.cuts gan be shaped asishown I FIGS, > and, 6,01 |
alternatively, as circular 16 apertures (see FIGS. 10 and 12). In order to increase effectiveness of this
embodiment e pralGRETRR M AtESteHCih StaTEEFGE BRAMPEIY AFEsfeFRat BEtwEsAM dlectrodes.
¥Vhefn an imRH!?%;QB/&[%@E@%?&@%W@a@ﬂ%%}ﬁ[@%ﬂﬁﬂéﬂ%@gﬂé‘ﬁ@q{ﬂi&ﬁd}?&ﬂ%@&@@%&zﬁ;&hat is from its
irst fastening element) winch is in contact with a line conductor 5 (not shown) or its coupling means, or
with a pin (a.%@ESW&“’#&SE’SW%I&@%%&o‘f%%rgé%ﬁﬂﬁ%gi ﬁsﬁ%ﬁ%‘f%ﬁﬁ?*‘r’n@u@‘f&? %?rﬁ@#{a%f“bng an upper
surface df thelinsuliatingiogrea2-te: thbdirsirelestrodesBsofithe MRSi(see FiB8 Thehe(agshown in FIG.
10) the dischglg%@dg%ij)l }gﬁgglu&%%%%&gpﬁg@hqeakdowns of gaps between the electrodes Still it reaches
the pin 12. A direction in"which the discharge develops is indicated in FIGS. 9 and 10 by arrows. 10
After a spark chann¥fi& dredtlel’ it@eveishs b witle i garithrah dirassariveioiipeVelumes of the
spark discharge.chambersdernedhetweenthe-electiodesbdeing guite.small. (ahighs pressure is
created inside them. Under this pressure, spark discharge channels formed between the electrodes 5
are pushed 10 HE TEUAEE Eb PR eSS A7 HCH Bl CHA L 15 g EL O URg & s pushing
force sutistantiaflyzincreasesieffectiveressof larkald suppressic:incomparison Withstserédmbodiments
ilustrated i.n¢EIG;; 1:8:.Q0,the etherdandathe.cuts inthe farm o the,gas-discharge.chambers are

prone to pollution. For that reason, the cuts of this type, when used in the insulator embodiment: of Ha
9, 10, are intéHbied HBTeFaBIF TGRS I TEGRIhFERAsFHBte iy KEeBYFR I3 StiSosPhaHEB8iution.
Effectivenessfthesinsulatanaceanding te:therfisst kragie emizadimant ofihe-20iventioaydhat is the

insulator combining both insulating and lightning antester fun,etions. was confitmed by comparative
tests. Two insUIAtors fdl"tﬁecfi@“vol%age el.ass'3 ?(\"f‘1 hamely: (1) a porcelain suspension msulator L

303612 ith algpirdbshed manufactersdbyuhéCiechicomipanysElekirdporcelanttowny ars., and (2)
the insulator m%iﬁle% %Wn%s&%@r&@@éﬂaé@‘@Eﬁs&é‘ﬁ!&%ﬂ&?ﬁﬂ@h&@ﬁﬁl@M%@%;E%[%M%@ébi_@la? base of the

insulator L 3036- 25 12, by additionally supplying it with insulating elements positioned along the spiral
shed and with'4MESPRHE MU oIt emEEhd e déciratiésiforfiing e MES Were similar
respectively tpdheiglenents@:andatheelecisodesigsaribedsahovesdith taferesogsite, Bi6. 8. More
specifically, S%%j\%?ﬁe?{ 2 mm stainless steel wire cut to the length of 10 tam were used as the
electrodes. They’ were inserted into the insulating elements of 7 mm length cut 30 from. a silicon
rubber B8 h.aving d-widrinsietOiibs abttadisighe o8 Haint ThecHStHRtivg efenefat ibera

semi-circular yppes pait.and were glwed10.the.pdgasuface;of the spiralshed.bya-special silicone

adhesive. Main parameters of both insulators are presented in Table 1. 17 Tableparameters of the e
einsulators ™ the gaps between the electrodes.

FIGS. 3 and 4 iHustrate the second example embodiment of the insulator according

o the invention, the insulator 100 again having the cvlindrical shape with a fixing device

25  consisting of two fastening elements (i1 FIG. 3 only the second fastening element 15 is
shown), with the spiral shed 3 and with the MES electrodes 5 associaied with the shed.
However, In this embodiment the electrodes 5 are formed as short metal parts of a
generally cviindrical shape. In contrast with the preceding embodiment, the MES
electrodes are located not outside, but inside the insulator 100 (more specifically, inside its

30 spiral shed 3). In addition, cuts 7, for example shaped as slots having a depth b (exceeding
a depth of a location of the electrodes 5) and a width ¢ > g (g being a width of the gaps

between the electrodes) are formed in the spiral shed 3, so that the electrodes 5 are



Parameters Insulator L 3036 12 Insulator of the invention based on L 3036 12 Total length, mm
262262 Length of a porcelain pordon, mm 154 154 Maximal diameter of a spiral shed, mm 125 125 +
2.81=141 Pin diameter, mm7676 Number of turns made by the ‘6 spiral shed 6
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separated from each other by small spark discharge gaps g (with g preferably
corresponding to several millimeters).
As clearly shown (on a larger scale} in FIG. 3, in thizs embodiment the
compensating means (which increase the creepage distance Jpu between the electrodes)
5  are constituted by a combination of a layer of a material of the insulating shed 3, the layer
separating the clectrodes 5 from the surface of the insulating shed 3, and of the cut 7. This
embodiment has an advantage of being easier in manufacturing. In addition. it is possible
to obtain 2 required cregpage distance {.up Simply by varving a depth ¢ of the cut 7, that is
a depth of that part of the total cut's depth 7 which is located i a radial direction closer to
10 the insulator axis, andfor by varving thickness of the material dividing the electrodes from
the surface of the shed. Further, as may be seen from FIG. 5, another possibility of
increasing femo consists in making width a of the cuts 7 larger than g
Ag shown {on 2 larger scale} in FIG. 6, the creepage distance [0 can be increased
also by appropristely shaping the cuts 7. For example, parts of the cuts 7 located at a larger
15  depth than the electrodes 5 can have a shape of a circular cylinder or some other
& appropriate shape for which shape distances between opposite sides of the cut 7 below the
electrodes 3 exceed the cut's width g near the surface of the shed 3. Evidently, shapes of
this type also produce an inreased [pqe and so improve effectiveness of the means for
compensating the reduction of the insulator 100 creepage distance resulting from the use of
20 the electrodes 5.
It shall be further noted that, devending on particular requirements 1o the insulator
106 and on a relationship between its offier parameters (such as the insulating core
diameter, the spiral shed total length, eic.), only a part of the curs 7 can have the above-
described special shapes (that is shapes more difficult to manufactore). Similardy, only a
25  partof the cuts 7 can have the increased depth 4.
FIGE. 7 and § illustrate the third example cmbodiment of the insulator according to
the invention. In this embodiment, the insulator is a rod insulator 101 fixed on a support 16
by means of its second fastening element 13 formed as a rod, On the surface of a bell-
shaped insulating core 2, along a spiral line, there are positioned m insulating elements 9.
30  In this embodiment, the insulating eclements 9 function as the compensating means
lengthening a leakage path between the electrodes 5, which are fixed inside the mnsulating

elements 9 and project therefrom. The insulating clements 9, for example, shaped as plates,



Mass =10%, kg 3,33,5 Maximal permissible AC voltage, kV 1 Dry weather 95 95 Rain 50 50 Impulse
discharge voltage, 1,2/50 us, kV 170 150 Discharge trajectory [Through air, along the shortest path
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bars or cylinders, can be made, for examiple, from silicon rubber and glued to the insulating
core 2.
According to this embodiment, the electrodes 5 are formed as circular cylinders
(i.e. lengths of wire) and are insulated from each other by small spark gaps g (selected in
5  the range of one to several millimeters), Owing to the use of the compensating means
reprasented by the insulating elements 9, the crecpage distance /g of the path between
the adjacent electrodes 5 Is determined {as shown in FIG. 8) by a sum of leak paths along
the adjacent insulating elements 9 and & leak path along the insulating core surface
between adiacent elements 9, that is leaw = 2¢ + . In such design, lpan s substantially
10 larger than the length g of the air gap and larger than 2 length of any of the elecwodes 5.
Considering that breakdown strength of the air gap to which an operational frequency
voltage is applied substantially exceeds discharge voltages along 2 polluted and/or wet
insulating surface, mounting the electrodes on the insulating elements effectively
compensates for a reduction of 4 total creepage distance along the line of the electrodes §
15 location and, in this way, prevents any weakening of insulating properties of the insulator
while simultanecusly improving #s characteristics as a lightning arrester, The above-
presented insulator embodiment is of a special practical interest for the reason that
standard, mass-produced rod-type porcelain insulators can be used for its manufacture,
However, a necessity to fix to the surface of the insulating core 2 a large number of
20 the insulating elements somewhat complicates manufacture of the high-voltage insulaior
according to the invention. Therefore, it seems advantageous to combine such elements
into a single elongated insulating element or into a several elongated insulating clements
projecting from the surface of the insulating core 2. For example, such elongated element
(or elements) can be shaped as o spiral insulating shed (or as » such sheds).
25 The forth embodiment of the insulator according o the invention shown in FIGE. §
to 12 corresponds o a modification of a suspension disk insulator and is intended to be
used as a component of a suspension insulator string consisting of similar insulators. On a
lower (botiom) surface of a disk-shaped insulating core 2 of the disk insulator 102, there
are formed two insulating spiral sheds, One of them (a shed 10) performs only the
30 msulation functiog, that is it serves for ensuring a reguired value of a minimal creepage
distance in conditions when the MES is present. In the body of the second insulating shed
{the shed 3} a number of the electrodes 5 are embedded. The elecirodes are divided by cuts

7. which cuis can be shaped as shown in FIGE. 5 and. 8 or, alternativelv, as cirgular
. P 1 3



Along a spiral passing through the electrodes | Remaining voltage2, kV - 0 141 Notes: A height of the
insulating elementsating spiral she( was 8 5 mm. (2) Minimal voltage applied to the insulatorits
flashover cau.sedby a lightning impulse. A length of the edge surfaceshed was approximately 2500
mm. The total number of the electrodes was 240. A length g of air gaps between the electrodes was
10 0.5 mm. Thus, a total length of the air gaps corresponded to G = 072+1) X g = (240+1) X 0.5 =120
mm. According to the above-mentioned Elk, a specific creepage distance /.,7, shall be selected,

depending o@tp%z%%‘gg 860 f!“?%%aﬁm%%oi‘ﬁ”ﬁa%?%“%”ﬁ«%m? éﬂ@&?vaie%s%m]ﬁs%nf;!’(%démam a5
the lightning arrester, gas-discharge chambers are formed between the electrodes.
When an impulse overvoltage occurs, a discharge will develop from an insulator
cap 11 (that is from its first fastening element} which is in contact with a line conductor
5 (not shown} or its coupling means, or with a pin (& second fastening element) of a
preceding insulator of the insulator string) along an upper surface of the insulating core 2
to the first electrode 5 of the MBS (see FIG. 9). Then (as shown in FIG. 10) the discharge
will produce sequential breakdowns of gaps between the electrodes 5 4ill it reaches the pin
12. A direction in which the discharge develops is indicated tn FIGS. 9 and 10 by arrows.
10  Afier a spark channel is created, it develops by widening with an ultrasound velocity,
Volumes of the spark discharge chambers formed between the electrodes 5 being quite
small, & high pressure is ereated inside them, Under this pressure. spark discharge channels
formed between the electrodes 5 are pushed to the insulating core surface and then pushed
out into the surrounding air. This pushing force substantially increases effectiveness of arc
15  suppression in comparison with the embodiments illustrated in FiG. 1-8. On the other
hand, the cuts in the form of the gas-discharge chambers are prone to pollution. For that
reason, the cuts of this type, when used in the insulator embodiment of FIG. 9, 10, are
intended preferably for using in regions characterized by a low atmospheric poiletion.
Effectiveness of the insulator according to the first basic embodiment of the
20  invention, that is the insulator combining both insulating end lightning srrester functions,
was confirmed by comparative tests. Two insulators for the DC veltage class 3 kV,
namety: (1) a porcelain suspension insulator L 3036-12 with 2 spiral shed manufactured by
the Cgech company Elektroporeelan Louny a.s., and (2} the insulator according to the
invention were tested. The insulator (2) was produced on the base of the insulator L 3036~
25 12, by additionally supplying it with insulating elements positioned along the spival shed
and with a MES. The insulating elements and the clectrodes forming the MES were similar
respectively io the elements § and the electrodes 5 described above with references to FI4G.
§. More specifically, sections of 2 mm stainless steel wire cut to the fength of 10 mm were
used as the electrodes. They were inserted into the insulating elements of 7 mm length cut
30  from a silicon rubber bar having a width of 10 mm and a height of 8 mm. The insulating
slements had a semi-circular upper part and were glued fo the edge surface of the spiral
shed by g special silicone adhesive.

Main parameters of both insulators are presented in Table 1.



cmlicV, so that, for the DC voltage class U 3 kV, a creepage distance shall be calculated as L. =U 3

Isp=3.(1,4 4,2)=7,3 22cm,

It may be concluded from the above calculations that an introduction

of the MES can shorten the creepage distance to an unacceptable value. However, as was described
5 above, by emptoying, according to the invention, insulating elements as the means for
compensatin.g the reduction of the leakage path, a creepage distance between adjacent electrodes
will be determined, according to the expression.: 2c + a. In the tested. embodiment, a - ¢ 2.5 mm, so
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Notes:

(1} A height of the insulating clements glued to the insulating spiral shed was §

{2y Minimal voltage applied to the insulator after its flashover caused by a lightning

impulse.

A length of the edge surface of the spiral shed was approximately 2500 mm. The

total number of the electrodes was 2480, A length g of air gaps between the electrodes was

10

0.5 mm. Thus. a total length of the air gaps corresponded to G = (m+1) X g = (240+1)X0.5

= 120 mm. According to the above-mentioned EIR, a specific creepage distance /,, shall be

selected, depending on a degree of the atmospheric pollution, in the range of 1.4 1o 42



5 distance, side surfaces of the electrodes can he covered by an insulation layer. In the embodiment
shown in FIGS. 9 and 10, the MES can. be installed on both insulating sheds 3 and 10 (instead of only
on the shed 3 as shown in FIGS. 9 and 10). in this case, under the of the lightning overvoltage,
both MES branches will function, so that the follow current will he divided between them., and it will be
easier to quench this current. Instead 100f a single insgllator, i.e. one of the insulators shown in FIGS. |
to 6 and 18, insulator stacks assembled from two or more of such. insulators- can. be used. in.

addition, the I\ s,n)}%? n.caibe employed; as,a single.nsulatar or. as.a comppagniof the

v 7 TN
insulator stacbl?%f‘?ér" %?r?n S) not only in the HERE,s, but also in. various high-voltage installations,
where it can bell&eduoﬁgeéumﬁ; ndt(ddly 4drieds’cortivittors, 15busbars. In FIGS. 13 and 14 the
second basic embodiment of th ins(ildliator \yt e invention.is ill%ggratedta%an.insuil%tqr Q having a
tapered insulating cbfa® PeaRA A fiking Be it S5 sTaG ST the i &f LRAIRG &i8i&ht tormed as metal
rod 12 and therselsonct fasteningeldinentdindormiret @ wapdi, vhisulators ofrthis tppeltravesgood
aerodynamic properies, andl; c0farthis reason. melérnﬁau*uggma@g islow, Thergfare, they,.can. be used

in regions with high atmospheric pollution levels. Along the lower edge of the ins e, there ar.e located
intermediate ¥1EERBREERY S ephidied By BafErE o PRAGI G PR DRIFIE PINE B HR5GESs forming a
MES 25. The:MEG356 &QversRiange-paltotihe insuaterpesmeter,. Jhe setrainingxsmalier part of this

perimeter is fre%from the interniezthate electrodes, sg_tljlat a 25d%aao %9 of en%th G %xj ts between the
: 3 i - R oo NIES

ends of the NTESIRHiFt flowen) I|ni’<i’ﬁﬂéﬁ(“aISe{}cf‘sz)gC 5%~ ‘sodiated with one-en JIES (in FIG. 14

this end is lotatee:totthe!leftokthioveticakihsutataroais} T e firstdinkidgsclechid € D4 which is

electrically cannggted with thegiatarrod 12, forms withdhe first injermediate glectrade 22 an air spark.
gap 28 of length 52. A second (upper) linking electrode 23 is associated with another end of the MES

30 25 (in FIGT 4RIy el Tedate  fores gt B ime RIS #i&fator axis). The second linking
electrode 24, whichmis:elggirigatyicannretedwith dhelinsdatorpapidd dfotms withothetaskintermediate

electrode 22 an air spark gap 27.of length Si., 20 FIG, 15 shows a part of a,string 300, the. part
consisting of tWo NS ’%‘i’é%%ﬁ% AL & %jyﬁ/t“é&br?ri?gc ﬁé fﬁ%ﬁgegb%%%%gtgﬁﬁ&% g%gﬁﬁthe cap) 11
of the first (lowefairisulatol with ¢hiy fitst fasteniegelbmemthe o)1 ¥ ot thwlsasofidoluser) insulator.

A cap of ghe upperinsulator gan he.connected with..a FERL SUpROHE {5861kl Gn 1) QrWith a rod of 5

a next (adjoining) insulator (in case the string comprises at least one more similar insulatar), while the
rod of the loviériistifstBides CohreTtEd it S HigR-VoTRGE HEIPLCoRUaiol Fof bettar Matity,
insulating bogkigs-at-potiripsulators are represented as being transparent. An overvaltage applied to
the insulator 150 bry}z m’a a%r%%gggvg? %fvt?;gh%lwrn%aggn%?@e & flashover in the prior art insulator

forms across the air, along the shortest path, wherein an oscillograph recording attests that

20  the voltage falls practically to zero level, which means that resistance of a discharge
channel is quife low. After the lightning flashover forms m such insulator installed in a
power line, a follow current wilt flow across the flashover channel, which means that a
short circuit of the line has happened necessitating an emergency shutdown of a
corresponding network.

25 As for the insulator of the invention, is flashover develops along a spiral ime
passing through the plurality of the electrodes, so that the voltage does not fall fo the zero
level. On the confrary, there remains a substantial voltage of about 4 kV, which voltage
exceeds the operational voltage corresponding to 3 kV. This means that there can be no
follow current; in other words, the insulator effectively performs as a lghtning arrester #

30  shunis off the lightning overvoltage in such a way that no follow current is generated, and
so prevents the network shutdown,

The above-disclosed embodiments and modifications of the HEPL and the insulator

of the invention were deseribed only to clarify principles of its design and operation. It



10 and 28 (see FIG. 13) so that the overvoltage becomes applied to the MRS 25, where it initiates
sequential breakdowns of the spark gaps 26 between the intermediate electrodes 22. As a result, the
cap 11 and the rod 12 of the insulator 150 become electrically connected via a discharge channel
consisting of a plurality of small sections, and such structure of the discharge is instrumental for its
effective quenching as soon as an 15 overvoltaae cuygent Kills to zero. It is worth noticing that the
addition of the MRS of the invention, owing to its location on the lower edge of the insulator, practically
does not change the,insulating,characteristics.of the.qriginal. Jnsulater forthefeasoniheMRS i.s ned
along an equotentlatf concentric lire of the electrical, field surrounding the .atot, which line is
perpendiculaffnaisheridst iwdRage path. A creepage distance (the 20 distance along the upper and

lower insulator surfages<ramethe:sapdiidethesad. d)hs shorened.amyhyawigih @é an intermediate
electrode. For example, the PSK-7 lator.has a creep distance of 310 mm, while a width of an

! insylator.has a age diIste 210 mm, wnile ¢
intermediate £f&%tr e BEnGURES ORI 1 B’ s& HiAf tha TearkAge path T Shortened only by 5/310 =
1.6%. THis isdirreneyehiinscaBes offhigh Gontadninetio nearrd tiigh imoisturesbmelstcivhieriithe
intermediate electiodes 25 22 afedaterconnected by copductivendint, -iheinking: plegtiades 23 and 24

are located at a distance of several centimeters from the u‘gger and lower surfaces of the insulator
respectively, 86 tHaf &gy Ak SHofteAide’ earage pal derds@th&inBuiito rak-diktHdrge trajectory
across the ingulatert 8Q isdndicateeinofhG, B30 Bhyratsayys.Whenibe nstlatorsiringy300 is
employed, the impact of an. oven/oh:age initially causes.a breakdown 30 of the spark gaps of the first
(in the instan‘l’%‘r’ﬁ%o\a]ijrﬁ it HETOWEY O ﬁ%u%é(?olr f%%bégﬁﬁglc?gé}%nﬁé%?g u—ii}té%a%qé;%dbgnductor of
the KIEPR; aftérthattheroviervohiagesis appliethtolthessdeomdinsiflator, wofthat its sparke§aps also
break down. I, gase the Sting COMPLISES 3k erathandwadnsulaters .the desqiibed bigakdown

process repeated for ach subsequent insulator. As was explained above, the total pumber of the

intermediate, ‘$lR@tfb A8 MEBHNIHINAG HTERIES Shaf BEHDIIEEE AR B ADARRE Hiltfiber in of the
intermediate Helestodas:asweltiassparicuiar values Elangths 61054, BAprespebtivéhefor the spark
S 26 between the, intermegﬂate electr%Qe%JH@oga“ 29 between the ends of the MES 25, and the gaps

AT RI i " &) : SO G 1 G0, VAniods oone O, i
27, 28 betwe%lﬁtfﬁéiﬁ?f?ﬁin‘é slectrodes 2379 and hé Gtitermost intermediate efectro es 22 shalt be

selected Suclwthiatunder the impact of the overvoltage the flashover of the insulator 150 develops

according to the abgyerdesgsibed scenarionwithouta5L0:flashovet af thegap @9 Reerefate, a
discharge voltage for the gap 29 shall exceed such voltage for in spark gagg g which, means that the

length CI of tHEEE1S S RAISTRRA NN ERR &I RETOLIIEHE 5 gapi'a’ (3. “TH&engths S|
and 82 of thecgapsidd and2Briespectively-atensélectedbynwalyrof ah expérinantidnple;-canducted

studies and tests have showp, atsybmitied:fo Sianibg.topdlses halpiis pilimaxial voltage of
300 kV, the insulator invention pro uced on the base of the PSK 70 series insulator with. an insulating
core havig ddlidrietesD. $1830HMpersure el Ferivadirotestisrehetisi i wharthaihg the
following parametes o pdd:mm S~ aZon 2Bl d s L2 MR ABEdng 40, there are located
intermediate electrodes 22 separated by gaps 26 of length g, the plurality of the electrodes
forming a MES 25. The MES 25 covers a large part of the insulator perimeter. The
remaiming, smaller part of this perimeter is free from the intermediate electrodes, so that a
25  gap 29 of length G exists between the ends of the MES. A first (lower) Enking electrode 24
is associated with one end of the MES (in FIG. 14 this end 1s located to the left of the
vertical insulator axis). The first inking electrode 24, which is electrically connected with
the insulator rod 12, forms with the Brst intermediate electrode 22 an air spark gap 28 of
length §2. A second (upper) linking electrode 23 is associated with another end of the MES
30 25 (in FIG. 14 this end is located to the right of the vertical insuletor axisy. The second
linking electrode 24, which is electrically connected with the insulator cap 11, forms with

the last intermediate electrode 22 an air spark gap 27 of length 57,



FIGS. 16 and 17 illustrate an embodiment of the insulator according to the 20 invention based on the
most widely employed, disk insulator with concentric sheds 10 on the lower(bottom) side of a
disk-shaped insulating core 21. Similar to the above-described insulator embodiment illustrated in
FIGS. 13, 14, the insulator 200 shown in FIGS. 16 and 17 comprises a plurality of intermediate
electrodes constituting a MES 25 In this embodlment e IVIES is divided into three sections 25-1,
25-2, 25-3, with each section 25 located, on the end &ower) surface of one of three concentric sheds

10. However, depepging onaiticuiar. carndiians faewhichihednauatordsinietdeds hesgonditions

including a predetermlned overvoltage va ue aﬁd a corresponding total number of the .ectrodes 22, a
MES emboditentiddngerrsitiagdisplecsalysnasiHgrersuier, @onhdénthidindurating'shed. or a

MESent d.ividegin fwisections3Q.amanraac-onRnypalr @Mtt&&%@ea}ugsﬂnematmg@heds 10 also
can he used. In a %%case all intermediate electrode ?t%e% of the MES E?Cn e |ns lator 200 are also
e

arranged aloﬁ@t BOERHAI TS 8F A9 ATSLIEEHd Freld EPSUNTR sulator 2006, that is along a
line orierited perpenditulaintd thesasuldtordeakdagespath. dﬁheateﬁtseﬁda(nmeﬁanldibeleumﬂae 22 terms
(deft) and “righi.gye useek I [eialop p.naus: ol e dnsulaionshonn i 1,40 pldhefirgt section 25-1

of the IMES 25 installed on the outer concentric shed 10 of the insulator 200 is associated with an
upper. (secoftfsking eldiiete DBy drnEtRbRit = IMEtIBRRTEap MeAPTHETIEHt B 6¢ this section
25-1 of the MRS nstdirectly connected to 5 any fastening eIement) an interfacing electrode 30 is
fixed. At the right end of the ers 25. eCo d section 25- ad ac dsa|d ri tend of the first MRS
section 25-1) arran S8d o t %éaﬁﬁua ogﬁ)ce%tiﬁc RSlIA i%” g ?3 e'in erfaézlnia gféctrode 31 is
similarly fixedyvith adirstiSpdiRk. discharge gaﬁp‘@ﬁ@‘“léngtm& ,abtdm@ fortimet betWeeritwatinterfacing
clectrodes 30, 3k.0n6mare ieliadng sleptodeiSs e atibe e aahafihedMeg l0section

25-2. In the similar'way, another interfacing electrode 34 is fixed at the left end of the third MRS
section 25-3 fadjaehttsEaitifertBnd othdsetnd MR 8cbBir'o5 ) abrsAga L5 M@ thner

concentric shegl-kQ:with:thesfixstlinking:elactiadei24 beinglasspeiafaghwithdhpightendcaf the third
MRS section 25 3. Th cond ,sfgark discharge e gap, 35. ofI ng h 155, is.formed between the

Tuchire (ns 1S . INSTHLY Or It ve quéenchi &l OON B8 &l .
interfacing el&&HF0dEs 3 e’si.m. |Iar ird spa e |sc é’e 13?5 bflen th 8,,1be|ng formed

betweeridhe hn@m@@emvdeﬁ 24 and arodt 12 Wﬁtﬁlﬁetﬂ’q@mattﬁmz@@ ciddi‘immnﬁiﬁh@&@%ﬁthé@overvoItage
initially causes.a,breakdawn gfibe gan.e toetwesn thedpperivicingslectiode 23 and the outmost left

intermediate electrod.e 22 of the first 20 NIES section 25-1 (see FIG. 17). This breakdown is followed

by sequentiaP BreskHbwiE B3l BSEAriE gapS B teshis: IMES 5cahio: AtEr 1 14p°35 between
the interfacing-eiseatdes30n 3L obthedfustand:the seearfdih E&cﬁﬁC&lOﬁﬁt&Eu&r@Bﬁdﬂtdﬁ)ﬁé&ks down,
followed by breakdowns.af: all dischar §.0f the se MIS ecfion, 2 ischarge
gab 35 beteB erATInG Dlect baee 34 Br e Eoeod apd T tura e oLl 502 553
all disch¥rge @afp@efdéhe&ﬁﬁrdims%@cﬁdﬁ?@%@éﬁdﬁ?ﬁﬁdﬂy@t’ﬁe’%ﬁ&ﬁ@dlééﬁé?’@é‘@bb%?f‘between the

first linking elecrade; 2diangd heiiadct 2. Anilashover @&%ﬁa&h@&c@éﬁﬂ]@éf ¥ OWR M6 and 17.

The cap 11 and the rod 12 of the ingulator 200 become, electrically co ect d VI a discharge channel
divided into a'pt&RETHEES A EEctions With Sdk a.g"éﬁgr L e (th%? MeitaiYor effective
guenching oftkig ﬁﬁdtﬁchangeaaﬁerimlmg&/ewoita@emmmmﬂemH)zetd%v@ﬂnasshas been described
above. in cases of high contamination and high moisture content, when the intenmediate electrodes
25 22 are interconnected by conductive dirt. The linking electrodes 23 and 24 are located at a
distance of several centimeters from the upper and lower surfaces of the imsulator
respectively, so that they do not shorten the leakage path across the insulator. A discharge
trajectory across the insutator 150 is indicated in FIG. 13 to 15 by arrows. When the
insulator string 300 is emploved, the Impact of an overvoltage initially causes a breakdown
30 of the spark paps of the first (in the instant embodiment the lower one) insulator 150
connecied to the high-voltage conductor of the HEPL; after that the overvoltage is applied

to the second insulator, so that its spark gaps also break down. In case the siring comprises



The above-described embodiment of the insulator according to the invention with the intermediate
electrodes located on two or more of the concentric insulating sheds is preferable for providing a
largest possible number of the intermediate electrodes with the 23 aim to increase effectiveness of
guenching of overvoltage discharge channels-Owing to that all intermediate electrodes 22 of the MES
25 in the insulator 200 are arranged along the equi.patential lines of the electric ‘field of the operational
frequency surrounding the insulator 200, that is at a right angle to the shortest leakage path in the

nswator, the  Jatipduslion gl.ihe M s.tealisdn.ahprening e %égggrcpegn@a%eatgnce only by a

width of an intérme |ate electrode mu ipli ed y a number of the MES sections (which'number in the
instant embotitnélitequals 31. Obviously, in case only two MES sections (for example, the

sections 25-1 and 25 2).areHssddtwaointerfaciogielastiodes: 33 34bacame unneecsssary, while the
first linking 10 electrode 24 will be connect d W|th tha}bend .of the .M ES 25 which is not connected with

the second i SiBe k53, "g‘%hﬁﬁﬁt AR S D BIE &%H&é iy Sl A STRGTE é8Rentric
insulating shettd @ ¢ter mxantiple penitheouteront)kithbrezis hd hetld torese ahy interfaging electrodes.

in. such. embogimenis e shafiening: ot Uienslatar ciperage distancell gofteppansrespectively

to two widthsand to one width of the intermediate 15eléctrode. Effectiveness of the itording to the

second basictefnbedimeat-ciothe ~eontita EphsirmigBeth TAsaftbilhhaigRtAMG FEtedisn functions

has been alseconfitned By comprralive.tasts: Al aaliagaclass 10 kVohavelern migpaced for such

tests: a suspension glass msu,l r PSK-70 baying a s ooLh taperin O insulatin e and the
insulator of tHe ifGeHEBR T he @t g‘fﬁ%ﬁlé}f’o’ﬂ/@/%Qp éﬁ‘ Ove%ﬁb" %se ofthe %ﬁ% Findulator but

was addifiondliyisuppliédwithpidferfhediate. elelctrbdes 2@ tagraivgdek arathé Imwércedgd ofthe tapering
insulating corg, mt‘?oW:%@!@'@EQé SCHRed,,ahQVE YD 16! %E—?@QQ%PI&F 16913 LQutan 2 S nuts

served as the intermediate electrodes The nuts were gl lued to the surface of the insulator core by a

special epoxy¥5adhetive [ty EBItRd GiT §2pe 26 BetERh thedIeé b s arhat Iftfistances

between paralielsidesefithe m&@beweyeaeguahmg;&ﬂam. The distance between the ends of the MES

(that is the length C of the % ap. %ggdlvas 0 Mfil: Ieng%hs fthesl%% 28.wer deg‘ual to 20

ug Studied and fedis o %{, S
mm. Other essential TNSCTALS! parame efs are presente &I&ab b ble B Main parameters of the

tested irféulatogstaing tegtiesultsl/S6 ps with mamma} vo,mge of 300 kV. the insulator of the
invention (produced on the base of the PSK 70 series insulator with an insulating core ‘

having a diameter [ = 330 mm) ensures the required protection function when having the

following parameters: (= 90 mmy; 57 = 52 = 20 mm; g = 0.5 mm and m = 140,

FIGS. 16 and 17 illustrate an embodiment of the insulator according to the

20  invention hased on the most widely employed disk insulator with concentric sheds 10 on

the lower {bottom) side nf a disk-shaped insulating core 21. Similar to the above-described

insulator embodiment illustrated in FIGS. 13, 14, the insulator 200 shown in FIGE. 16 and

17 comprises a plurality of intermediate electrodes constituting a MES 25, In this

embediment, the MES is divided into three sections 25-1, 25-2, 25-3, with each section

25  located on the end (lower) surface of one of three concentne sheds 10. However,

depending on particular conditions for which the insulator is imtended, the conditions

including a predetermined overvoltage value and a corresponding total number of the

intermediate electrodes 22, a MES embodiment arranged, for example, only on a single,

i, e, outer, conceniric insulating shed or a MES embodiment divided in two sections

30 arrapged on any pair of the concentric insulating sheds 10 also can be used. In any case, all

intermediate elecirodes 22 of the MES 25 in the insulator 200 are also arranged along

equipotential lines of the AC electric field swrrounding the insulator 200, that is along a

line oriented perpendicular to the insulator leakage path. The left end (here and below the



Insulator of the invention based on PSK-70 Parameters Insulator PSK-70 xternal
diame330E334 24 Number in of the intermediate electrodes 0 140 '

10

15

20

25

30

22

terms «lefty and aright» are used in relation to parts of the insulator shown in FIG. 17) of
the first section 25-1 of the MES 25 installed on the outer concentrie shed 10 of the
insulator 200 is associated with an upper (second) linking electrode 23 connected with an
insulstor cap 11. At the right end of this section 25-1 of the MES (not directly connected to
any fastening element), an interfacing electrode 30 is fixed. At the right end of the MES 25
second section 25-2 (adjacent to said right end of the first MES section 25-1) arranged on
the middle concentric insulating shed 10, the interfacing electrode 31 is similarly fixed,
with a first spark discharge gap 32 of length S, being formed between two interfacing
slectrodes 30, 31. One more interfacing electrode 33 is fixed at the lefl end of the MES
section 25-2,

In the similar way, another interfacing electrode 34 is fixed at the left end of the
third MES section 25-3 (adjacent to said left end of the second MES section 25-2) arranged
on the inner concentric shed 10, with the first linking electrade 24 being assowiated with
the right end of the third MES section 25-3. The second spark discharge gap 35 of length
5, is formed between the interfacing electrodes 33, 34, with the sumilar, third spark
digcharge gap 35 of length S, being formed between the iinls:ing electrode 24 and a rod 12
of the insulator 200,

An impact of the overvoltage initially causes & bmakdiﬂm of the gap 27 between
the upper linking electrode 23 and the outmost left intermediate electrode 22 of the first
MES section 25-1 (see FIG. 17). This breakdown is followed by sequential breakdowns of
all discharge gaps of the first MES section. After that, the gap 32 between the interfacing
alectrodes 30, 31 of the first and the second MES sections 25-1, 25-2 breaks down,
followed by breakdowns of: all discharge gaps of the second MES section 25-2; the spark
discharge gap 35 between interfacing electrodes 33, 34 of the second and the third MES
sections 25-2, 25-3; all discharge gaps of the third MES section 25-3; and, finally. the
spark discharge gap 35 between the first linking electrode 24 and the rod 12, A flashover
path is indicated by arrows in FIGS. 16 and 17. The cap 11 and the rod 12 of the insulator
200 become electrically connected via a discharge channel divided into a plurality of small
sections, with such discharge structure being instrumental for effective quenching of the
discharge after the overvoltage current falls to a zero level as has been described above.

The above-described embodiment of the insulator according to the invention with
the intermediate electrodes located op two or more of the concentric insulating sheds is

oreferable for providing a largest possible number of the intermediate electrodes with the



Maximal usable voltage in rain conditions, kV 40 40 Impulse discharge voltage, L2/50 us, kV 90 70
Discharge trajectory Through air, along the shortest path Through the MES Remaining voTaie"2, kV -

0 Notes: (I.) The nuts affixed to the insulator surface have a thickness of 2 mm. (2) Minimal
voltage applied to the insulator after its flashover by a lightning impulse.
23

aim 1o increase effectiveness of guenching of overvoltage discharge channels, Gwing to
that all intermediate electrodes 22 of the MES 25 in the insulator 200 are arranged along
the eguipotential lines of the electric field of the operational frequency surrounding the
msulator 200, that is at a right angle to the shortest leakage path in the insulator, the

5  introduction of the MES resuits in shortening the insulator creepage distance only by a
width of an intermediate electrode multiplied by a number of the MES sections {(which
number in the instant embodiment equals 3).

Ohvicusly, in case only two MES sections (for example, the sections 25-1 and 25~

2y are used, two interfacing electrodes 33, 34 become unnecessary, while the first linking
10 electrode 24 will be connected with that end of the MES 25 which is not connected with

the second linking electrode 23. Similarly, if the MES 25 is amranged only on a single

concentric insulating shed 10 {for example, on the outer one}. there is no need to use any

imterfacing electrodes. Tn sueh embodiments, the shortening of the insulator creepage

distance will correspond respectively to two widths and to one width of the intermediate
15 electrode.

Effectiveness of the msulator according to the sccond basic embodiment of the
invention combining beth insulating and lightning protection functions has been also
confirmed by comparative iests. "i‘we isulators for AC voltage class 10 ¥V have been
prepared for such tests: a suspension glags insulater PSK-70 having a smooth tapering

20  msulating core, and the insulator of the invention. The latter insulator was produced on the
base of the PSK-70 insulator but was additionally supplied with intenmediate electrodes 22
arrapged on the lower edge of the tepering insulating core in the way similar w that
described zbove with references to FIGS. 13 to 15, M2.5 nuts served as the intermediate
electrodes The nuts were glued o the surface of the insulator core by a special epoxy

25  adhesive. Lengths g of the air gaps 26 between the electrodes {that is distances between
paraliel sides of the nuts) were equal to 0.5 mm. The distance between the ends of the MES
that 15 the Jength G of the gap 29) was 90 mm; lengths S1, 82 of the gaps 27, 28 were
equal to 20 mm.

Other essential insulator parameters are presented in Table 2.

30 Table 2. Main parameters of the tested insulators and test results

Insulator of the Invention

based on PSK-70

Parameters Insulator PSK-70

Exierpal diameter, mm 330 334’




5The tests of both insulators were conducted by applying to them. the operational frequency voltage
and l.i.ghtning impul.ses. The main results of the tests are also presented in. Table 2. When. only the.
operational frequency voltage was applied, discharge characteristics of both insulators were practically
identical, This means that thef the 10electrodes di.d not impair insulating properties of the insulator-for
the operational. frequency voltage. The insulator of t.§g invention has an..pl t70 kV, which is lower
than an impulse discharge voltage (90 kV) for the basic insulator, because the flashover in the
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Notes:

{1y The muts affixed to the insulator surface have a thickness of 2 mm.

{2} Minimal voltage applied to the insulator after its flashover by a lightning
impuise.

The tests of both insulators were conduocted by applying to them the operational
frequency voltage and lightning impulses. The main resoits of the tests are also presented
i Table 2.

When only the operational frequency voltage was applied, discharge characteristics
of both insulators were prastically identical. This means that the installation of the
electrodes did not mpair insulating properties of the insulator for the operational frequency
voltage,

The insulator of the invention has an impulse discharge voltage of 70 kV, which 15
tower than an impulse discharge voltage (90 kV) for the basic insulator, because the
flashover in the insulator of the invention develops along the MES, and not along the core
surface as in the prior art insulator. Therefore, the insulator of the invention can be used as
an arrester when connected i paraliel to a conventional insulator.

Under an impact of the lightning impulse, a flashover in the prior art insulator
forms via the air, along the shortest path, wherein an oscillograph recording attests that the
voltage falls practically (o zero level, which means that resistance of a discharge channel is
quite low. Alter the lightning flashover forms in such insulator instailed I a power line, a
follow current will flow across the flashover channel, which means that a short circuit of
the line has happened necessitating an emergency shutdown of a corresponding network.

As for the insulator of the invention, its flashover develops along the MES, through

the plurality of the electrodes, so that the voltage does not {all to the zero level Gn the



5x1..2/1.73 =10 x1.2/1.73 -4- 7 kV. This -means that there can be. no follow current; in other words,
the insulator effectively performs as a lightning arrester: it shunts off the lightning overvolta,ge, in such
a way that no follow current is venerated, and so prevents the network shutdown. The
above-presented basic embodiments of the insulator according to the invention 10 and their
modifications were described only to clarify principlesg its design and operation. It shall be clear for
persons skilled in the art: that a. number of changes in the above-presented examples can be made.
For example. jp grderfa it a dispiagement obihe a6c.2long e Jinkiog glseliodes ey can be
covered by an insulation layer. In. the embodiment shown in FIG. 13 and 14, the MES can be
arranged aloRgjdeveralitsneaigicol Sei SReETilTR PRHIPRTE rea S8 Yhe hitifiber f e 4firffediate
electrodes anglsa:willseweffectiveness.af theHollow. current.auenehing tsuehdnediticationwill, however,

s -ha increasg the insylatqrs cost). Slight displacements of the intermediate electrodes, locations from
the equipoteﬁ?tl%s'L |Tn%‘§%lﬁ§§}§6 ?gigi?ﬁ Tfﬁ“t!?fg‘%lgﬂ?f&é Grin ‘%%‘ifﬁfésm:%ﬁfgfb(}%ﬁh[é”invie’ﬁ‘t“ion.) are also
permissible. 20R1G,78&-ill0stiatds7an ErmBodinientob dx 4 BRH c10 levi(dehotethaspl thevimsulator
embodiment ghownyin £1G3,1.and2. The.main Qz@&ti@%ﬁgﬂﬁoﬂ%%ﬁﬁ@l‘n%@ﬂﬁﬁhl@i@f%ﬁ@ss is due to

induced over-volta?es. As was mentioned above, the LFAL-10 arresters are used in Russia to protect
the FIERLs fRIFSUieHe Sheitefoiviay OcrsueHoarrastarts geimpinst e aPat eRERE O With adjoining
arresters assggiatechwith different phases. 25 For example, each of the arresters installed at each of
the first, second and.third poles is associate r%s ectively with one of the.phase A, gﬂaﬂg C. As
illustrated in FIG. 18, tHe insulators of the Invention, for example, thé insulators 100 with the spiral
shed sht$wn imdFiBS. odiorthesrotinsitatorsd 0tishowsdanFIGwigcanibasirstatied:d a. similar
way correspopding,p gnednsilatorper pale withgenneating the.adioining insuialors tq 4Q different

phases. The remaining insulators 18 may be of a conventional design. Alternatively, one phase can be
supported by’ SR 6P e ARRIS GRREF S SPHE LB EROWA M FELEt81%)% 26 FIG.
1.9 shows a frrgmenbof atk | ERLL 3biddd-areomling:40 thecinvention.:khesENy eomplises:three
conductors | transnitting high voltages, Q%Ef?ip%%q\! t%&ﬁ%%ﬂé‘?i%?”ﬁ hages: Fach of the
conductors | IS mec]ﬁanlcaﬁy tonnected 10's rings of the conical inSu tors, The insutator strings are
fixed to the sopportsbictheiRIBPE oy ardgmeritof Beonelofsathiseportsst64id iihgstrated in FIG.
19). In. the .HEEL; embodimentofiF |G dR (e dnsylalonshing30Q securing.ak-LRPRE HERIL,
conductor is forme~d by the insulators of the invention (corresponding to the embodiment illustrated in
FIGS. 13 to TBY E5Hirify Brotet ot wited HE SERTBMES aré Borenmonalf Hsdd ot (g the
lightning protéctiothotRERN=8:35 k. Alieidhe isisidatorscoh thelinuentior dre:uséddorfarming an ii.
.Ssul.ator 10 string f ttle ’ r.b . conductor, such assemblies become unnecessary. Durin.g
lightning strik%gﬁggéésrgrggfg t ﬁeﬁ%@%ﬁé@or string 300 of the invention occurs, so that the lightning
current #88ws throughhé SrsutstorsMr Srandiowing totdidrgd’ nimberdiintethte diafdgiagtrodes, the
flashover doegnatdun-into-ana6: afthe fellowsurertofraperationa hrauensysSorthet the IAEA.
continues to gperate without a shutdown. it is 15 worth to note that the conductor 1 of the upper phase
functions as Hg@tﬁﬁﬁgﬁ PO CHSN tiRs Yo ﬁé’ﬁ%&ﬁ%ﬁé@%ﬁ{*ﬁﬁ%‘fﬁ% cfﬁﬂ’%ﬁ&%ﬂf 1h p/gr“é\'/ignts lightning
from. directly=steikingthesedomBnphasascicct H¢hERLERLpassestitough aregionawdttea soil of a
high specific fegistance.the Hse Abhe lolitning pratection wire hegomes inefiaelive ecause, due to a

high. resistance 20 of the support grounding circuit, hgn a lightning strikes at the lightning protection
cable orfhe JUpFoHTITE SFevafSErHSHETR I HBHEthE stfpdrtte the corctar takeésplace. In such
cases, it is advaniagequsitediss thalinsiatons:ofithe inventiandon allithreadnsulptar srings_ In this
way, a reliablg protection, of the 4, EF L om Iohing, vervolRdss il U5 PSP diown in
FIGS. 110 6 or the rod insulators 101 shown in FIG, 7, 8 can be installed in a similar way
corregponding to one insulator per pole with conmecting the adjoining insulators fo
30  different phases. The remaining insulaiors 18 may be of a copventional design.
Alternatively, one phase can be supported by a string of the disk insulators 102 of the

invention (shown in FIGS. 910 12).



All the above-described and other embodiments and modifications of the present 25invention are
within the scope of the attached set of claims. 27 CLAIMS I. A high-voltage insulator for se-as a single
insulator or as a component of an insulator stack or string, a high-voltage conductor in an. electrical
installation or in an 5 electric power line, the insulator comprising an insulating core and a fixing
d.evice consisting of a first fastening element and a sggond fastening element, said fastening elements
located at the opposite ends of the insulating core, wherein the 'first fastening element is configured for

connecting., directly.of via a0 %ﬁ?%%a%?%?ﬁ@!ﬁf& %#“!Qhé%%%ﬂ% Q0 B:%%ﬁ%%(u{‘?&;;‘("%‘ﬁa@%}%? cond

fastening element of the preceding high-voltage insulator of 10 said insulator stack or string and the
second fasteRifeIETEREISEORFGre TS EHHABARY To' a8 proRsBIRBhEWEFHE B8 the first
Iastelnin-g ﬁlqm@@&oﬁibﬁ §!h1@&echlziﬂflc’mgf;livmtaﬁ@’nimwﬁi&%&{?‘é@j@l&i'%1@%'@% rsstackoesitiag, the f
insulator characterized jn that,it additionally comprises: - a multi-electrode system (IMES) consisting o
i (i > 5) clotTOAEC AT, T8 It b g Fore GRL ToBatF Bedveen ends
thereof, the electrbdes gam:i:gas rbﬁ%i@i.ﬁmixm@drhdé‘ﬁi@.rﬁﬁlm[hﬁdt@ﬁ‘éﬂ[gbﬁtﬁm@mmﬁmﬁﬁﬁgé.,‘}amelectric
discharge beeen,the fist fasiening element ang:an gleckiade arelaciiodes adiagentthereto,

between adjacent electrodes, and between the second fastening el.emént and an electrode or
electrodes adjaéBrhetHéretrandzomBsare rortBrmpaHsaTiNg teféductibiof thelilbititdr creepage
distance caugeddydhemuliiseleeliadesystem:hallpesnsuaaiaccords ngioclairlecharacterizedthe
the cloctiodet o R[S ZL i T g Re st Ge i ILLTGdeb T TEHUM ot S 26 akage path
exceedihy theraggreydte lenpth ofan. aindischaryehgapdstimsehesaitadjacantary. During
lightning strikes flashover of the insulator string 300 of the invention occurs, so that the
lightning current flows through the insulator MES and, owing to a large number of
intermediate electrodes, the flashover does not turn into an are of the bollow cwrrent of
operational frequency, so that the HEPL continues to operate without a shutdown. It i3
15 worth to note that the conductor 1 of the upper phase functions as a lighming protection
wire for the lower phases, that 18 the conductor 1 prevents lightning from directly striking
these lower phases.
If the HEPL passes through & region with 2 soil of a high specific resistance, the
use of the lightning protection wire becomes ineffective because, due to a high resistance
20 of the support grounding clreuit, when a lightning strikes at the lightning protection cable
or the support 18, a reverse flashover from the support to the conductor takes place. In such
cases, it is advantageous to use the msulators of the invention for all three insulator strings.
In this way, a reliable protection of the HEPL from lighining overvoltages will be ensured.
Adl the above-described and ofher embodiments and medifications of the present

25  invention are within the scope of the atfached set of claims.



electrodes and the length of the single electrode. 3, The insulator according to claim 2,
characterized in that the electrodes have a T-shaped profile, a narrow leg, by which each of the
electrodes is attached to the insulating core, and with a wide beam that is oriented towards the
adjacent electrode, 30wherein the compensating means are constituted by parts of the insulating core
that are enclosed between the legs of the electrodes di by air gaps between the electrodes. 4,
The insulator according to claim 2, characterized in that the electrodes are embedded in the insulator,
wherein the compensating means are formed by a layer of the 28 insulator material separating
the electrodes from the asulator surface, and by cuts formed between the adjacent electrodes and
reaching the insulafok-$éiface. 5. The insulator according to claim 4 characterized in that the cuts

are configured as slits\Qf;circulal.aRarurssrR G dhadnsulaionacconding ie slaimdpeharagterized in.
that a depth of each. cut exceeds, a depth, at which the electrodes‘are_em?egg%?. 7. The insulator

according to PaitilE Eharak @ ERE RS distARE SOBLRVE SR 2B Eading artsbf'the cuts
located at a lakgetdeptieihian thecelecitadesexpedd; are saldeted taexeeédtherivdtirofthe cuts near
e s SIS, ) R a2 s gl e goensa
single insulatgrerémertiot af chmbipRITGretsrSURIHY SRt A spANETY SEparatiigitheelectrodes
from th.e insulator,swiag@aured for Sath@dnsslatonaccordingdaiclain 8. characterized:dn. that it
comprises in 15insulating elements, wherein each insulating elementy. g single electrode. . 10. The
insulator accSPAMG RS Giattire A oath HES tc%arﬁ rges J?ﬁ%%‘“é“l%gﬂ%%g?%ﬁf 8ach of
insulating elemients: canfiguredasag spitaténswating-sheg projecting fromuacd urfaceabtiae insulating
core. 11. The nsylator ASFAIAIgI0 ¢ain, 19, ghatacterzed INADAL, CoMRISERINB high-
voltage insulator of sald insulator stack or string, the insulator chavacterized in that it
additionally comprises:
-z multi-electrode svstem (MES) consisting of m (m = 3) electrodes mechanically
15 comnected with the insulating core and located between ends thereof, the electrodes
configured to form, under an impact of a lghining overvoliage, an electric discharge
hetween the first fastening element and an electrode or electrodes adjucent thereto,
between adjacent electrodes, and between the second fastening element and an electrode or
zlectrodes adjacent thereto; and
20 - means for compensating the reduction of the insulator creepage distance caused
by the multi-electrode system.
2. The insulator according to claim 1. characterized in that the compensating meang
are configured for providing a leakage path along an insulating surface between the
electrodes of k 3 <w <m - 1) pairs of the adjacent electrodes, with a length of said
25  leakage path exceeding the aggregate lenpth of an air discharge gap between said adjacent
electrodes and the length of the single electrode.
3. The insulator according to claim 2, characterized in that the electrodes have a T-
shaped profile, with a narrow leg, by which each of {he electrodes is attached to the
insulating core, and with a wide beam that is oriented towards the adjacent electrode,
30  wherein the compensating means are constituted by parts of the insulating core that are
enclosed between the legs of the electrodes and by air gaps between the electrodes.
4, The insulator according to claim 2, characterized in that the elecirodes are

embedded in the insulator, wherein the compensating means are formed by a laver of the



20 insulating elements, wherein n insulating elements are configured as the spiral insulating sheds
projecting from a surface of the insulating core, while each of in remaining insulating elements carries
a single electrode. 12. The insulator according to claim 11., characterized in that the electrodes
are-located on. the end surface of at least one insulating 2513. The insulator according to claim 12,
characterized in that cuts are formed in the insulatingghed between the each pair of adjacent _'
electrodes. 14. The insulator according to any of the. precedingcharacterized in that the insluating

core is shaped, substantiajly &%ﬁ}g&w@egmﬁa@s trncated,.cane o as.a. %m% cuts folRed! NE insulator

according to claim 10, characterized'in that the insulating core is 30shaped substantially as a flat disk,

the first fasteffifig ElemeAtROEGHHIINED ¢ BRIASG Htorealithe'détond fastening element is

configured as a pinsandaiieastoneeithespiahgishedprajecisdrom adower sudaceofthe disk. 29

16. A high-volta%e irgulatf)_r for ?ecuring, as a single insulator or as a component of an insulator stack
0

or string, a hﬁhﬁ; ot 6%68 Br ApeIEes

orin an electrical installation or in. a electric power line, the insulator
comprisifg an insulatifig: corel and sadfixiiveg devibencdnsisting ofadirst fastesieighete merit &irid a second

fastening clement, sajd fastening, selements.logated:al g opposite ends of the insulating core,

wherein the first fastening element is configured for connecting, directgl or via connecting means, with
high-voltage conduétof6r ithaHe SEeBliterasteniny &ISHEMIGHHE Brécb difiPRigh-Va " ge insulator
said insulatopstacik Ofisting panduthesacond fastening element is:configuteddar seaneeting with a

support of the pow r line or vs{ith tqﬁ}firisg fastening element of the next high-voltage 10insulator of said
. setected 1o exceed the wi ghe cuts near the nsulaton suriace. .

insulator stack or string, characterize in tha the insulator adél.lonally comprises: -a
multi-eléBtrode systeriliMBSconsistiiys of dromli S)eleenasdes i tharizatyebnaeswed with the

insulating cotgand arranaedse esde.suppartafermation ot anslectricdischarge betwasn. adjacent
MES electrodes, wherein the MES is arranged at a ri.ght angle . .
the single insulating element or a combination of imsuiating elements spatially separating
the electrodes from the insulator surface.
9. The insulator according to claim 8, characterized in that ¥ comprises m
15 insulafing elements, wherein each insulating element carry a single electrode.

16, The insulator sccording to claim 8, characterized in that i comprises 1 (n 2 1)
insulating elements, with sach of insulating elements configured as a spiral insulating shed
projecting from a surface of the insulating core.

11. The insulater according to claim 10, characterized in that if comprises m = #

20 insulating elements, wherein # insulating elements are configured as the spiral insulating
sheds projecting from a surface of the insulating core, while each of m remaining
insulating elements carries a single clectrode.

12, The insulator according to claim 11, characterized in that the electrodes are
located on the end surface of at least one insulating shed.

25 13. The insulator according to claim 12, characterized in that cuts are formed in the
insulating shed between the each pair of adjacent electrodes.

14, The insulator according to any of the preceding claims, characterized in that the
insulating core is shaped substantially as a cylinder or as & truncated cone or as a disk.

15. The insulator according to clabm 10, characterized in that the insulating core 18

30  shaped substantially as a flat disk, the first fastening element is configured as an insulator
cap, the second fastening element is configured as a pin and at least one of the spiral

msulating shed projects from a lower surface of the disk.



15to an insulator leakage path, along one or more of ecjuipotential lines of electric field of the
operational frequency surrounding the insulator; and - afirst and a second linking electrodes,
wherein each of the first and second. linking electrodes is spatially separated from the insulating core
by an air gap and is electrically connected by its first end, galvanically or via an air gap, respectively
with the 20first fastening element and with the secondzgastenlng element, and by its second end via an
air gap respectively with the first end and with the second end of the ME'S. 17. The insulator

according to claim 16, ghiaradeizedn it iLhas f6onicalinaiRling GP(e LIEIEIR NS NIES i

located on an upper or a 6wer s ace of the |nsu r care. 2518. The insulato cordlng to claim 16,
characterizedinthdtitisieohfigureetas @-ﬁi@iﬁ@@lé‘t‘@ﬁ%ﬁﬂi coreehteicisHaas Bl e foWef side of a

disk-shaped nsulating.coremwherein dhedVEsis topated andheignd.surface of pne.ohithesheds.
19. The insulator, accordlng to clalm 16, characterized in th%éa e MES consists o Ieast two sections

arranged aloftfSr188sthvio Bgul %Tﬁﬁﬁai“ﬁﬁ‘égft lihés“be WH%I@%%@‘J& 8ﬁ"}?i‘ﬂ%%rectlon
oriented ait a fight@ndlesodhe insulatodteakégef phthipwheieincthe MEkS:sedtiofisafesinterfaced by

means of intesfacing elsciares dacaled atendn.oh said sectigns noteanncaied with e fastening

elements of the fixing ewc‘?e pairs of the interfacing electrodes belng interconnected ga vanically or
via an air ga;fm?sf@‘bmf 02(9”“‘\1%%#1@@!&%6?%‘?%6%&}?@1%%5% ToeHER By elpgn iatatisonfigured as

a disk insulatgnvith.cencenttic-shads on theslQwer ﬁ@&@t@@tﬁknsm@ddneulmmmmnwhereln each
section of the MES is arranged on th end suk%agce of qne of the sheds §ﬁ$‘ %h voltage electric
hTs? A

power line cofpPrsiAEPEts: ‘ivr%ﬁ frduiateres fha%o‘%@%“%ﬁ Bratatd ¥it&tor stacks or
strings, Hhd anieasmrfemkughwéﬂtaga@fin@uﬂtmbcehmmdﬂdirectkwbﬁibyméans plicoupling means
with, fastening elements of fixing devices comprised by said single insulators and/or by first insulators
of insulator stacks or strings, wherein each smgle insulator or each of the insulator stack or string is

fixed at one of the mﬁﬁfﬁk%%@hh@%ﬁfﬁé@mﬁ@g@%@ﬁf”b@ﬁefﬁilﬁb"&“@ﬁhé’e‘*“%ﬁfﬂ*ﬁ?é Adjacent to
10said suppqrénﬁ&aéa@eﬂze@hﬂazﬁaa&fat;dﬂa&ﬁmeda&&hed@gulamyseda aminsulatorreendfigired according

toany of Cla@se AIQE %c,iwe,m adjacent MES electrodes, wherein the MES is arranged at a right angle

15 {0 an izsulator leakage path, along one or more of equipotential lines of electric field of the
operational fre{}uency surrgunding the insulator; and

- a frst and a second linking electvodes, wherein each of the first and second
linking electrodes is spatially separated from the insulating core by an air gap and is
electrically connected by is first end, galvanically or via an air gap. respectively with the

20 firgt fastening element and with the second fastening element, and by its second end via an
air gap respectively with the first end and with the second end of the MES.

17, The insulator according to claim 16, characterized in that it has a conical
insulating core, wherein the MES is located on an upper or a lower surface of the insulator
COre,

25 18, The insulator according to claim 16, characterzed in that it is configured as a
disk insulator with concentric sheds on the lower side of a digleshaped msulating core,
wherein the MES is located on the end surface of one of the sheds.

19, The insulater according to claim 16, characterized in that the MES consists of at
Teast two sections arranged along at least two equipotential lines, the lines being mutaally

30 spaced in s direction oniented at a nght angle to the insulator leakage path, wherein the
MES sections are interfaced by means of interfacing elecirodes Iocated al ends of said
sections not connected with the fastening elements of the fixing device, pairs of the

interfacing electrodes being interconnected galvanically or via an air gap.
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20. The insulator according to claim 19, characterized in that it is configured as &
disk insulator with concentric sheds on the lower side of a disk-shaped insulating core,
wherein each section of the MES is arranged on the end surface of one of the sheds.

21. A high-voltage electric power line comprising supports, single insulators and/or
insulators assembled in insulator stacks or sirings, and at least one high-voltage conducior
connected directly or by means of coupling means with fastening elements of fixing
devices comprised by said single insulators and/or by firgt ingulators of insulator stacks or
strings, wheretn each single nsulator or each of the insulator stack or string is fixed at one
of the supports by means of a fastening element of its fixing device, which s adjacent 1o
said support, characterized in thet at least one of the insulators is an insulator configured

according to any of claims 1 16 20,



