1 LI GHTNI NG ARRESTER AND A POAER TRANSM SSI ON LI NE PROVI DED W TH SUCH AN
ARRESTER FI ELD OF | NVENTI ON The present invention relates to
lightning arresters for protecting electrical equipnent and hi gh-voltage
el ectric power lines (HEPL) against |ightning overvoltages. Such arresters
can be enployed, for exanple, for protecting high-voltage installations,

i nsul ators and other HEPL el enents, as well as various electrical
facilities,. BACKGROUND ART There is known a so-called tubul ar
arrester for limting overvoltages in an electric power line (cf. Hi gh

vol t age techni QUIGHTHNG BRRESRERAND A RBI¥BR TRENSMESFEONEGNE shi ng
House, 1976, p. 287). A,pai - ok I _ s formed by a tube
made of an insul ating gggﬁggﬁgﬁggﬁﬁﬁlﬁggégggf. %ﬁgﬁﬁﬁg of the tube is
plugged with a nmetal lid having an inner rod el ectrode fastened thereon. A
ring-formelectrode is located at an open end of the tube. A gap between
the rod eFEédt BHENYENHHE ring-formelectrode is called an inner, or arc
quenchi ng gap. te:lint iR el @C 0L SO I Beighvgnaeehernhot eorbietipe endical

el ectrode is connected, via an external sparkover gap, to _a conductor of
the el ect rquipmeivend highevoltage- eleciic| HOyISE HP%@%%%W%&BBS@*@%HVEW &

br eakdownof, hoth gaps L RYE S €1 e hhShUBEhstbatde,

gr ound. A@?%%gﬁﬁgﬁgég?9%%§§%£%§h%€f%gﬁ?%?gﬁgﬁﬁﬁﬁ%ﬁ%nﬁzster“has t er m nat ed,
a fol | ow tuunentand efitel HESS. dondkows welbag fratous clopaiedl fatilidsel transforns
into an arc one. Due to a high tenperature in a channel of the alternative
arc current inside the tube, an intensive gas em ssion takes place

~provi di ngpacXEmgNpr SRTuUre i ncrease. Gases, by flowng to the open end of
the tube, create a longitudinal blowng, so that.gpe arG. LS. . when
passing its zeFwr s HEWMIG S Hblef fogtar tagﬁ%?r for Timiting oyerv Oam%?‘gulg;%% :k?é;}%gﬁ

act uations,of. Lhe @ reshetolbbacdinspbar ge. chavbetazefig! Mosteibe “deagiyaout .
The arrester stops functioning properly and_needs a‘rvgla ment ., whi ch
means an Pnldisbiagdlauee. v hire ﬁﬁ%}eé Bygeigment of thepyaster 1?3 rﬁi‘eé' T
arrester f i it oM S: . | q bedd WRL alrh@allid est er
bei ng basgg&%%mﬁhéMggg§%$&§B%$g%%%%%sgégggﬁggéiﬁﬁgﬁfﬁgg% formed between

. two net al haveesan mher thil glrewrode fagencaidbhietng desng-Fum qhecirgde RIPEAIGR! BB W,
"Energiya" Publishing House, 1976. . e of 0dsd o1 pLior
art arres F’é‘f Ofib o n‘g‘c%‘%g’ e?‘geeg%ﬁgéih@%%%? %8%%:}16 n tfcftogirﬁ ege?gg% gl Ctgigﬁ |9{:
pover |ingmemi he dubghsecendOnedf iks ekonndstie drovode, ghte fredeadralrstode, for
exanple, to a support (such as a tower or a | e f ,the. el ectric power
line. In éroanssted; Ha ap GuEyst fpéél‘ré’f’eléga@pfé?rakc&?gg&aa ft%eree]%(%s“ o%%,ling'o that a
l'i ght ni ng over ¥oidrag8s GV Elfgei resusi i kededkdotvh eofGlotiupshs, andat he imphisage
applied to the device drops rapidly. In this way, Pgth s%gg;i&g tbgﬁ

| i ght ni ngcewant énshuaied 1Pithe gravgdt AESIOe PYBIVOSRE TRRls R e BEREV P arc
quenchi ng, api latsﬁya o Shgk EordBRed & BRI th8Q Al clahh@rrabk@rhetd aat i on
of the overvoltage, a power arc follow current continues to flow through

t he spar kexesnegBpe (Théngf ereragurs i k-cofgncd of iteeoalipiativp @raiTaph ieyicrias
breaking a.circuit,. such break| ' j Ly ' ke, 2r's
recei vi ng e PICRSISG & S P %a‘rglgss&%%eg%?ﬁ?lcﬁb% %ﬂg%k&ﬁﬁé 'ﬁl'lﬁe’lra%3 ?%%P?her
known an git@st @ tkhafen dinfif @ S finbancrdae abongndest bidyaug, owethizh tichae 1
third, internediate rod electrode i.s placed between a first main rod
eIectrodeqéﬁﬂh%i@@%ﬁﬁﬁmﬁﬁﬁﬁz?ﬁaagfggﬂ&%%%t?%TZ, for exanple, US Patent No.
4,665, 460, HO }glr Q042w HOBMatiodNeSike iansteadhotiseha i giantepal Kevebe ai r
gap, two such gaps are formed, This feature made it possible to. inprove
sonewhat afeersQUb AERIANgSELT PP SAnEoni e AP E s sy NEAYE TP 1A% e ,“Elwhtlﬂ"atnﬁe ai d
of the arrester.. quenching.ebsyoderate follow currents (of the order of
tens anperes) i1n cases of single phase-to-ground short circuits. However,
this arrester [seramaiibekiovmappedsiesdor ERtesoveEelasy M OO IRCTGRPER & rent s
are typical for two- or three- £~ ‘ ClLcul i LHhni ng
overvoltagé’%%?%%ggncgamakﬁggﬁggg 6%%§?kgg?‘ﬁﬁgg?E$6§:§ﬁ2&§ﬁ$€%%%gn, an
arrester nnkgngad ¢oOrHighe vbiight niinggpsofectl ofY. oRazehigmeviessont "EpesEtl cal

facilities or an electr]j i ne.and .supplied W, -
nulti-eIeé??%@§g§§§Fgﬂ¢?§E§%%§?§%F3§é@’?ﬁgég&§§§g5§%%gfggﬁ€§§%%%%§86% may
be indicated. The prior art arrester conprises an insulating body nade of
a solid dielectric, two main el ectrodes nmechanically coupled to the

i nsul ating body, and also two or nore internedi ate el ectrodes. The

i nternmedi ate el ectrodes, which are arranged between the main el ectrodes,
are nmutual ly displaced, at |east, along the |longitudinal axis of the

i nsul ati ng body. They are configured to enable a streaner discharge to
occur between each of the nmain electrodes and the internediate el ectrode




OM ng to breaking a distance between the main electrodes into a plurality
of sparkover gaps, this arrester possesses a higher arc quenching ability
t han devices with a single discharge gap or with just a few of such gaps
(cf. for exanple, A C. Taev. Electric arc in |ow vol tage apparat uses,
Moscow, "Energiya" Publishing House", 1965,p. 85). 3 Nevert hel ess,
the arc quenchi ng abi Iity of the prior»art arrester is not high enough, so
that its atio e Adaqo HEPLS
of vol taggpg@r‘fé.’i%g%""fé“w @ncﬁg%t%? E?‘e? ]%Is%cim fficu 81? ﬁct?g{;dluigre‘E O?%e t he

li ght ni ng gpyateciwerroffot feantifRlis aofuphirgfrech wphttaye @l apgelsof be ciddior eason

t he nunber of the |nter(rad| ate eLrectrod s_and the . .arreste : rre t oo
| ar ge. DI BEYOSORE opAsT 1 BNV ERE: 2 S ekoﬁ‘Fe? é)f%?aé‘senbg%dl n%n 1&g ?

present i w@r{?&ita%@ cB88HK i Sk dBe aRual. B8 R volizizh appilidgb ﬂlieediﬁva‘bl dm;tsy, | ow
manuf act uri ng maint enance costs, |ow fl ashove voJ ta es and.a hig

current g W Iﬁghféfvfséebﬁﬁeﬁé%%n" g digh F%%g 9 PR AT PYHY E}ﬁ’f)la@ to
enpl oy th f 4DEdeRVER 1281t OF 4 bg N Bgalpr @ et i afe t he
HEPLs of ?ﬁﬁﬁ% sih‘g]ev\%ol tagéscl asseas 120 to 3 and hi gher and also to
i nprove t m[man oérhd: weoninic adi@a‘rea@ICeﬁOﬁQ‘MC@?“@prﬁ@lvé y Setvehrovgh thene

vol tage cl ass. 3- 10 odi fﬁfﬁ%ﬁgﬂf thespregent

i nvent i on SEFECYGT & Ct ed e{orelﬁgﬁﬁﬁ%%gcg%gﬁ‘f F‘%{}aan si % i ng 'a desi gn
of the |i ghhnind@eds et afidesirable for cAooomeal ngewmoalsﬁztrrcs:twas pewt thsfelackies
present invention, there is provided an arrester for the |ightning
protecti oht®f el ements of electrical facilities or of an electric power

line, the arrestgt iCRMRE 1Gi0RE Ariebetinal diffgrsindy trateveadesaitedlond in that
dielectric, two main electrodes nechanically coupled to the i nsul at| ng

body, andattsdointererdiate o ralediogt és efased PRt Ar vhgetl M &9 fai n
el ectrodeg, and EEHHSJ;' cﬂbéep tr %Rmhﬁésasamxlﬁ tudes kemgiol lm}mamm; s of
t he i nsul at1 ng d e I nt I ate el ectrodes confi gured to enable a
di schar ge 168Br Tbmnpteed af ssmghrﬁparkdv%@ﬂwge‘)"vﬂt Wk eanprard Orpeen eukAYET t he
mai n el ectrades and the |nter of
t he main é‘?ag%tltr%od%‘ e 4R By (gﬁg!é ace%fﬁﬁ(lt’kﬁn?%%ﬁ%‘l ate étfég%%r rag%g)s&g\%/naer ein
sai d adj aggmt thelaarsf ﬁé%&@ﬁé‘e qpbz&ﬁ:&tg Mem&em tfeitovmaimrentd @€ threogrder efiignsar e

mut ual Iy di spl aced, at t al on ltUdI al aX| ati ng
body. In W@Hﬁé‘aﬁeﬁ@ﬂ% %’“F‘WS% ﬁ E?F”Fh O ‘IS%ﬂ83L & 1Flé{‘2

intermedi f g,&kEchkMeScAEEnAT G@Agﬂﬁwﬂ&m’rmt ﬁeltﬂﬁcamﬁdl hwbhﬁ m.agﬂmmmm
axis of the insulating body. The arrester according to the first aspect of
t he i nventzromdishort pisquiie ¥ SeES PRV C/ESi nt er nedi ate el ectrodes are
located I nsi de Jhg c[h%&ﬁta;{rio?%nb%@%h@%eﬁﬁ& SADRFcRke thtdddomiar i @esng

t hereof by an |nsu ation Tayer having a thickness exceeding a

precal cul @t@ﬁbmmbﬁmnﬂof@ﬁeca“ﬂ@h%ﬁ@ﬂ"s of ars glpgitig Pew At gend iHBH A Vi) 2
plurality of | SIRE1E0d Q8 B DEwes T Rgy

adj acent |?|tc@ ?@t% Gglog%n&% éwsﬁﬁ%éilogécdﬁar%rg c%éa nbers bei ng op ento a
surface ofyelikiBedtds G‘hapﬂmgarbm@hsmr aodprites e imsulatiog bedk- rsgt:tqf@mah gicegtrS, of

t he di scharge cha in a zo sch e chann S
sel ect ed fU° R & eﬁtr eéé‘i’?d’?‘fﬁ?lffﬂg’scoé‘éeg @3& : 1 $Va "M %IF%\?R ééhce
bet ween t @%@&%d@ﬁ@&&ﬂd&%@ﬁ%%@ﬁ&d@dﬁ@é&ﬂﬁﬂe§ Whn,eﬁh are arrangBie betndem@a\,mmnixa
particul ar arrester enbodi nent and a sel ect %gohchnpl 0 nuf %ﬁt uring

the arr estekeroddie andi BeHaI Ei5Blash 8F &95n Fl0BE ’é‘ﬁﬂl@d T £1°8

through bgy, 82 ’)E'I%r npd br%ﬁtu?@i fonstbRt 4 B9eRRHV;scRlied 1 &%@55&&?3@{ shBr@shean
have cross-s&ctions f I's sections by a plane normal to thg axis of the
di schar ge rmtmrmem)od@f avcartho usteappdialpr ¢latteods hagssnt fo gaidcpgedyphfhe main
rectangul a it-sha t | ge chanbers to perform
t-heir func? g gﬂé “(to Weopeg E‘}grelgbagﬁg%g u%)t\?\l/)gne%ﬂﬁa %%%gjh%rrrbodl ments,. the
cross-section gfwibheo drsdhay ged*szhaaambbetwc@nﬂhamemaelsmewaw|angluéﬁh<§§hgfa
depth of the chanber . & Slze lncreasin t f rface
of the insSBik ?Yﬁﬁ&a%é‘%ﬁ arester 905?%6&?' g nt Mcg?u"t% ﬁﬁﬂgrﬁéelgfeinﬁnwﬁgxel#sr]%ﬁ}w
provi de a jmRih@dcHafe d@plok Walh ja&lacet cﬁrsum‘ ndnbecfdfos ehangga A Haner sEisitdes.

More specifically, a dlscharge hanber_ Ie det e ing

di st ance @ﬂb@ﬂﬁkéﬁ‘%ﬁéwﬁﬂ?ﬁﬁéht‘@F@%?Fﬂﬁgé EQP hﬁeg%wg?e%gBrﬁq%gaected
depending on a particular application of the arrester, because it is the
application that determ nes such paraneters of the arrester as a type of
structures to be protected, a voltage class, etc. For exanple, in the
arresters intended for the protection of the HEPLs of m ddl e voltage
classes (6'to 35 kV) froma lightning stroke, a value of g may be sel ected
inarange froml nmto 5 mm while in case the arrester of the invention
shall be used for protecting the HEPLs of high and super high voltage



In sone enbodi nents of the arrester, it can be additionally provided with
t he di scharge chanbers forned between each of the nain el ectrodes and the
i nternedi ate el ectrodes adj acent thereto. As for configuring the
insulating body, it is preferably (in particular for ensuring easiness of
manuf acture) to shape it as a bar, a strip or a cylinder. Cost paraneters
of the arrester can be additionally inproved by using an enbodi nent
thereof requiring less material due t30 providing the insulating body with

bul ges in zo e&%&%yﬁjtg%ﬁﬁaeﬁéh 196 of IRTRBF frt IREReriOndi gt ttidugre of the

i nsul ati ng body on s I't possible t ovide a required

t hi cknes8 Wit 1t ABplicauen il impited g fhg ‘é?ﬁ"?gipﬁmﬁcé‘ﬁgé’?gﬁﬁﬂ%ﬁo‘?ﬁvé’hﬁﬁ%a Sschar ge
chanber $-10WkV| Suénagestdriio tkiffioel we ene sudthe igmesg pheedtion clfrtbe SIELssefl d | ayer
may be sjhst %@ﬁd%lcllééserseigi"%%ason the n¥ihb& $MGe B RbIBNSHEJIGs RS tRESS Of
manuf act ur e of. tb e ar reslt er, the internediate el ectrodes preferably are
shaped dePPYEEPMEIN0 'A%Ers, for exanple made of a nmetal, graphite or
carbon fiber. 5 In order to satisfy an inportant requirenment of a

| ow f 1 agheeOSURE egaHH INVENFIORSt er according to the invention, it is

proposed to ovi.de | ith an.additional electr conne A one of
the main el e@@ﬁ%@"é& ?méﬁ(ﬁnmtegtsé)ﬁkgﬂ) gsefﬁllngené% i%%kotﬁﬁfwg%e%’[ar (?ger %vrl{thraa surface
of the ihigutetiehiliy, odpanpiseyring andmapsenanec epsts, toy (phererivolagrseefar ge
chanber i@ eurfpeg@sichip effo&ivdfedshSudhniauad vl rde@yit pdstiblde dngsidy arse, it

b ‘ : fessit : . > o
"ol at PSSR GARE et ip Bl 8RR brpARn U HEPEs of (elfigheh VB

el ect r od&aspa5s (e tos Feh kMo prd i ighsie HEN BISO g iMRJAYSE deghpicehaad \geonomist h t he
hol | ow ehampewsedtics of tht heredtars of dicivoljadeadyss drld k¥he addi tional el ectrode
pref erably Sl'l‘l"f‘lokhep%?dsaeﬁb&ﬁm fifs o?:tgé Pﬁﬁ'ﬁ tihRAtion ekl tg%gré)'v}ngfoss' bl e

to produce_the arrestet accordi e 1nvention using a plece

el ectri dalpabégb@é@mwpll%ﬂ%s %gffség“afﬁgheah%lﬁlluflﬁla‘ir?%?ﬁ'ati on of the cable formng
respectivel y Acerdagidita fmasspettenttho presan dovtchigorh dhdrow mrovided emtrredtert he

I nsul at 'fagﬂlpﬂg%miln%«ﬁr&ea%mftewn%n% ACLcasial RfiikdS dTehl s IRARRGRE, havi ng

t he sanme, | en a"general, case,,a |length t he additiona | ectrode
Cor  oapdHeETelsT SomPENEs Atsmaup o aad o e AnEb B e A HAcRORS

el ect r odesharitalyt eiuplell te tthengtlatiog bodw dndswozari roerebietevmeriate tedecrddist i onal

el ect r oGgraaftd bLASBRI (e ahSAT EIRELIRO a0 VARG ddisRas@Wht Medst afploetieed to he

| ar ger than recal eul at ed .fl ashover. vol t age be en the I.h_el ectrodes.
The r nt P nRLAa o/ Birifens ROHE VL pleimb e RIS Nob iy OE 1 orib e

i nsul at iangisehargsr (far exanpke rfy stacqpear tdigshatgeh @ PSeHTabatwiepnbertp. ofStehmaiml ut i on
si npl i f icR&traddsangdiHdnteRtedint elcoRedaddacehtas siid@ach ¢l thhgamreiapbolepdndpat h.

For exanpl.g ntaﬁgac%&elﬁ!e%gdi&% A& usidP R{lﬁk&& séiﬁeadﬁc%ﬁt %chx%ﬁesc R u@ﬁcefd' xed to
a surface of 't ol'T’'ow conponent ~of e 1nsulatin ody Tn such a way
that t h&etvreaithiomin dedrodey prshats mpmpllpdisplasedn glelgas alongithe lqngitpdigal

| ongi t udixizadf tusiigsuddtinighitodyn Siul sainie ngmiaiéiyientd) 4 #Enaatdngellich tthe nidtestliybl e
strip wgt | aed . | @akl Vs nd a
sur f ace SPIEEmAREATRIAEIE 66 %%%%Sﬁﬁ%%%@ﬁ?%ﬂ%ﬁ%@@?% Pt

el ect r odkss ingultipgthedyy hej AEsicE AgCoriBiggion the HEt HHShTh PlatbF oliEIonalSs pi r al .
The | at tcharacatiediindnt theddesnddiatp dlssirdsles atedodaredriesideetha irtsolatihg hodyomd of t he

i nt er medfal8.elaGnPs SR ERE AP, aR Hi ativh I8t havildCd BR]HOG ek&e%dfng?aal
| engt h and Frﬁey to Ugﬁgpv?@%%glkloggll the. arc qu&gﬁhln?.aq% ity of
the ar r &Steajeulsted dlamqey Beotch ghapnel of sald diselbursavherein fEEHIPL G RN of i ng
to the ichsmebdrs dor caitidsg apgrpbroyeddbétween thenbdiaceni orenwiedinta elgeiradesathe

lholnlg- f1 aghames cl?efnﬂfe?st %@ng)&p@al tb%%rﬂa%@gf b FefShadatind Bo&}F 'Iaﬁd ﬁJmféﬂi ﬁfE#Hs?— t he

ol | ow conponen . nsu [ ody can.have a |Il-sha rofile,
wher oi n SEHERR A S pEdR ispEes it Béog%ﬁ%tpaﬁ?%f%?g?hmggﬁaﬁ%g

encl osi fglegied (p SRFTHArENGHOR e <HAI Bowhesims dh éninimpledisERe BCETh 18l ect r ode
can be nRRBaNiIfelMiatOIRRdedM th one or with both ends of the hollow
conponent of the insulating body and 6 electrically connected with the
additional electrode. In this enbodinent, a nmetal rod of the LFAL
functions as the additional electrodd. Therefore, the additional electrode
has a |l ength equal to the Iength of the insulating body. The internediate
el ectrodes can be arranged on one or both arnms of the insulating body.
Enbodi nents of the present invention also seek to provide an electric
power line with a reliable lightning protection to be achieved by
supplying the line with reliable and | owcost |ightning arresters
configured for |ow flashover voltages and for a high arc quenching
ability. According to a second aspect of the present invention,
there is provided an electric power |line conprising: supports provided




One of the preferred enbodinents of the electric power line according to
the invention enploys an arrester embodinment with the insulating body and
the additional electrode having circular cross-sections, wherein the

addi tional electrode of the arrester is 7 configured as a rod of the
insulator installed directly on the arrester. The insulating body of this
arrester enbodi nent is configured as,an insulator cap of the type usually
enpl oyed for securing the insul ator %n the rod. BRI EF DESCRI PTI ON OF THE
FI GURES Ref engs@gingi dnl a neitidudarnaestet @nthodingme ampanyélengedd teabialegy wher ei n:

FIG | is front view, in,a cross-secthon, '

havi ng %‘a’f“?fﬁ‘fmli‘rﬁ% Ehea?rﬁ‘?&r’bglﬁy,lscl%fl@e a}ﬂé’g% n\}?)g\lﬁp: P %ﬁé"gg%\% cg{mtgﬂgpent
en?odl rTmMug&]t’imMSB formeEd ga_z the inshi@ing bbdy. aSuich grtessds ew, bores eanchayscrect i on, of
a fragnent. o e enbodi ment ' I : ' '

of the ?qﬁé{%ﬁﬁgslﬁg\%ﬁmﬁ rlE%IaGp E‘E‘?%Hhﬂ Hglgﬁ%a;ﬂg (ﬁ{stﬁg d‘élsrc lcl)%”fg @ﬁ{%ﬁﬁgrigmaabove
cr 0ss- seafdus nappodpriateo shepes, ai.¢.esiravare rpesangutant shichiapadh fic-t enabheg ithgent i on

having gis&}/alré.en%flélﬁl?érs itgsﬁgrﬁ)%nﬁleﬁ'oﬂ}ﬁctions (to be described below). In some

embodiments, the cross-section of the discharge chamber can have a size varying along a
depth of the chamber (i.e. a size increasing in a direction of the surface of the insulating
body). '

Embodiments of the present invention provide a method for optimal selection of
the discharge chambers sizes. More specifically, a discharge chamber length determining
a minimal distance g between the adjacent electrodes shall be preferably selected
depending on a particular application of the arrester, because it is the application that
determines such parameters of the arrester as a type of structures to be protected, a
voltage class, etc. For example, in the arresters intended for the protection of the HEPLs
of middle voltage classes (6 to 35 kV) from a lightning stroke, a value of g may be
selected in a range from 1 mm to 5 mm, while in case the arrester of the invention shall
be used for protecting the HEPLs of high and super high voltage classes, the value of g
shall be increased and preferably selected in a range from 5 mm to 20 mm.

In some embodiments of the arrester, it can be additionally provided with the
discharge chambers formed between each of the main electrodes and the intermediate
electrodes adjacent thereto.

As for configuring the insulating body, it is preferably (in particular for ensuring
casiness of manufacture) to shape it as a bar, a strip or a cylinder. Cost parameters of the
arrester can be additionally improved by using an embodiment thereof requiring less
material due to providing the nsulating body with bulges in zones in which the discharge
chambers open to the surface of the insulating body. Such solution makes it possible to
provide a required thickness of the insulation layer only in zones surrounding the
discharge chambers, while in sections between such zones the thickness of said layer may
be substantially reduced.

With the aim of ensuring easiness of manufacture of the arrester, the intermediate
electrodes preferably are shaped as plates or cylinders, for example made of a metal,

graphite or carbon fiber.



FIG 6 is a view fromabove of the embodi ment shown in FIG 5; FIG
7 is afront view, in a cross-section, of ‘a still another arréster

enbodi ment according-to the invention having the insulating body with

bul ges in zones where di scharge chanmbers open to a surface of the

i nsul ating body; FIG 8 is a view from above of the embodi ment shown in
FIG 7; FIG 9 is a front view, partially in section, of an arrester

enmbodi nent co hSlkp ddratani kit hmday: Ac Bw
FIG 10 is a C?Lw rg)mgzbsgie olﬁéhe teﬂgb?lél ITEI‘EI? omﬁdmogﬁgmg%ﬁg‘f (i(ie
shows a faa@mmtccmfﬂmattsihﬁpm’m‘lé& fé}sr%?ﬂotse‘{ﬁoa‘ﬁ?‘ﬁ SfW’Fh@ %dr%m& R S hown

in FIG 9; FIG .12, Offraf) vieRia
el ect r ode&BF ‘F%@q%lr?nes t[&z?%}edﬁé&ésl Ao in ée g?éog%ggia?lek t hdghe

arrester eghpd loﬁ’&i&tmswainhszhmﬂh oppwzwmmv@pﬁ#@ tbdﬂycfaﬁﬁa disqlArgy aEI}bB’F?‘éFe

--el ectrode shaped as _a.cyli der
o ol 11 Canieh Snn TEBE s PO e MR, *f‘*ﬂ%’ae;@%ﬁfhé’%“ﬁié?ﬁgﬁfi?és |

el ect r odeg.@éd aRaRMrokiBna téﬂdr{)ﬁﬁe the muiaﬁt@e%mthlmmlm egmppnepippnd o
enbodi ment according to th ;

with a usgleos mewédqu%wféw%aé ikttt S SR
16 shows an }%&9 poﬁém tﬂfﬂ{sul‘éﬁﬁ%)%c%i ag e hdlitiaat el(&umm&q:némlabh’tshéi _

i nsul ating bo an addi tional electrode, both
sh
have a c1rcuiar cross-section. This will make it poss:bzc to produac%etg s%rl O%?dmg

to the invention using a piece of electrical cable, with a core and 2 solid insulation of the
cable formlng respectively the additional eleo:rode and the holiow component of the
insulating body, with both this electrode and the hollow component having the same
length. In a general case, 2 length of the additional electmde corresponds to at least a half
of the distance between the main electrodes. Electrical strength of the insulation between
the, addmonal electrode and the main electrode not connected therewith is selecied to be
iargar than a precalculated flashover voltage between the main eiectrcdes
The intermediate elec:tmde; can be embedded inside a strip of an msuiaf;mc
niaierial forming a part of the insulating body. Such solution stmplifies arranging the
intermediate electrodes along an optimal path. For example, ﬁle fiexible sitrip comprising
the electrodes‘. can be fixed to a surface of the holiow component of the nsulating body m .
such a way that the intermediate electrodes will be arranged parallel to the iongitadinal
axis of the insulating body. Alternatively. the flexible strip with the intermediate electrodes
can. be helically wound around a surface of a cylindrical hollow component so that the
mtenned;au clectrodes are mutually displaced along a line having a form of a spiral. The
Latter embodiment makes it possible to .increase a total number of the intermediate
elecn:odcs of the arrester without increasing its total length and thereby to unprove

addxtionaﬁy the arc quenching ability of the arrester.

In an alfernative embodiment, the arrester acr‘ordmc to the invention can be
empioved in a combination with & prior art Iong—ﬂashover arrester of a loop type (LFAL).
In thlS embodiment, the hollow componﬂnf of the insulaiing body can have a U-shape
pmnk:, wherein the first main electrode can be configured as a metal tube enclosing 2
cu:rved part of the hollow component. The second main electrode can be mechanically

coupled with one or with both ends of the hollow component of the insulating body and



8 FIGS. 17 and 18 are respectively a front view and view from above
of an arrester enbodinent with the internedi ate el ectrodes wel ded i nside
an insulation | ayer of a cable piece; FIG 19 illustrates a HEPL
enbodi ment - according to the invention using a conductor |ocated inside-a
protective insulation [ayer. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Wth reference to FIGS. 1 to 4, an arrester according to the invention
conprises an _elongated flat insul atpng body I nade of a solid dielectric,
for ex aapl:tﬁcal@f ctmﬁbc)tai hryth ahe addiienat elestrodenth thivecisbabmentyainretd|red of odes 2,
3are ﬁéﬁ_g@f{ﬂ\ﬁ{ o % ﬁ‘é Lcﬁﬂtl IQ@I:%OcﬁnﬁlﬁerQlforé ke édaﬁwnﬁf éleQroQQ‘ﬂXs 4. Due to

such ar ctr es are nec¢hanically coupled to the

i nsul at lemgthbesal ta ﬁl@l ld%’fhh-‘é thmmﬁub@ftmadwébd}?helmme%@r Hegiodes @) B8t r odes 4
are Iocg;rgr%edengh@bp@thmsqgtﬁgmmawd two, while an opti nmal nurrber of

the internmedpate, el ectrodes i s, selecte ndi n 20t | a
conf: gurati oﬁmtb IB’rEB'ézﬂ %rf’l%e&t VSRR %?g% g dpr(S’?‘ngranc?ger?{ fctllg%’g‘ﬁetglhg% t heir
f unct i omiithg relfitde Hglrieiag @rotestivodd bre athistkedy sipplfingshe line withiredighlpandes 5
L o1 T HRL S USREROESd, COREARU R0t RY NRRLAROMIRLOLR! S dTHi At Y

e 0

di spl ac ngi t udi axis of the arrester (this axis connects
mai n el G’é@ﬂcb@é@lilfy 3). A sparkover air gap is forthed between each pair of

adj acent int %é&dhgtta @ls@&hﬂ%psct%f thbi jgegap imlehtionyi themgs gprovidédaac e

bet Lh t trod id
2] aceneleBrsorgaaty SHBElual IR RIRI ok dnhiiprs’ AEIGRTBECILPT S
spar koveondyafor sd:uplldd tnhe insulatessdyt fsteninpmepnsninekat lefissenedighlynbETeHEEN t he

el ectroggsyg i Eﬁﬂnﬁfgt ﬁgte&?(ﬂle@ﬂél&ﬂeﬁg' opﬁ{et él@é&l@-b()\@&nﬁ’det cRAtact@izeli NG t@ r ester' s

f t be d b h Kk I ted
15 df SERH GESAnBRNTINE SHEHCDEETIDE: SO AELTORY PheoH BTV body I

For probesfidund 4 thd avestdr ageoriing e tHeatriestess afithepresdnt iroeplimers descnéasd one of

e o Ao fe REERERS 1 bRerA U BimliCof e Sl ot BE e GEn Blocback 1

over i's connected hi gh- vol t age
el ement obft lmstuons onpf each®f ﬂ@er almsteaﬁaﬁo ing focthp dRyepLion ﬁé’on%‘“c‘ﬁedeﬁ'éh?ﬁl e, to a

l'ine Co'aﬁ'ls'&fyo('}r i lspAReVRn g'aﬁ tE'aﬁ'e&meJntbﬂtkfk)ele@ﬁb @ﬁwérqnié&ocberplﬁﬁeétaﬁ in
parall el V\ff' n el ec rlca el ene ect ed q( { theWlth an

t t
i nsul at Gy qleriefies copng e%)e%‘gydlﬁ%f@ Y St Hidr ShAg OV%r %aPVe v t he
second mmitn eI ectrode 3 the arrester directly or via a sparkover gap is

connect ed to Qﬁeoﬁ% ondyctor of A€ Ueiic Po&cY Ghd %ﬁrdlﬁgjibl HE i RRAGI 8 the
arrester, i $CR evelops_ therein fromthe fi el ectrode 2

t owar ds 1‘2%@@@%@%6 Hﬁ%ﬁ?ﬁ“@ll@%{iﬁttﬁ’é}e‘a@f 2 BTG 0 §}€E|G WCEﬂr aﬂ@‘“ﬂ}téﬁﬁﬂoms of

t he sparnkQwedr cﬂ ml&ﬁidﬁﬁ%ﬂhhe andloesisd béteieen Bk acir edeasdds offthe srreltesschar ge,
dependin nd| 0 its dev pes,

e suct B8 S he B oL i r g ShiE TElirespbllng ogont bl I Rk AT

di schar der Vit he ted agithe h@llcemsmneortmt pEthe ingpatiog dady-g tg'is opthedinibnt i on
and speghd irCst 1 HhEHERIAAL | WIS bt fb%hﬁgﬁred Caal ah B EDUnE @Iraﬂéedt i€ shigvent i on
enpl oying the streaner di schareg% ﬁagfnm dere$ veﬂ t,hough
the i nv@Rdpgiye pgulgign pyem Spgm Iaé‘dt 8‘3 y HaY g¥ ﬂ}o%“ tfie
process cahductos sh@ﬁ@iﬁ(ﬂhﬁlﬁls &I’iﬂi tHe wdditpni alectrales Jde lsewind mmeh elBctendsanitis with a
super sopi.c_ vel 0F' Y a ﬁgfa t@@ pqgtﬁgt%) bﬁ@ulh{'m{j?rﬁ%l '(thlﬁ?'l@‘é{f thf neghwnes of

t he sparbﬁ %ffa%qgﬁaro e C ers i'nternmedi ate e] ectrodes
are nmadeospendnt @ﬁd@gmsmatlr&b@baG‘ﬁérﬁﬂ%&fﬂaﬂhé‘o@?%@HaW% the mptal Ssteping; n
creati ngnanﬂf&heafrﬁg%g @)ﬂdﬂ&bﬁi%ﬁ Hﬁ@efﬂ?@dﬁ?@f ﬁ§thel41ﬂtgﬁﬁecﬁahe eRetréden oOthet gl s
pressure, the s e c nnel s or.nmed .bet ween e iate
el ect r o TSI MP %ﬁk@gty\ﬁé’ﬂ’ CrharR L?f]ag&%su g i h\(,av??rhaéu hie%téo hggy (as
shown schefamtdfcaltlsygment EftBSprdtecawd iBplagind layken will be ejected. fromthe
chanmbers i nt ¢y fher @k oy ﬁf{%ﬁléﬁlgmtbg ESt @k - elégﬁ‘idqﬂoxb& ﬁﬁ@ﬂccﬁf&?ﬁﬁ Htheact i on

whi ch resultsmlen enin thecanne{3 h‘ﬁh ?Wmlat
el ect r odexentign egphiys @Pé’éﬁeﬁ‘iebﬁllnb?@gieg‘t Wit éh‘bfns Tm% \ t 10R% ease.
As a resdctrod@hdviigddirciRs bibaseony, whbeirathe eddigenal tisetkddewifliie adestor isncr ease

and, and this will limt the lightning overvoltage inpulse current. After
termnation of the |lightning overvoltaae inpul se, a voltage at an
operational frequency will remain applied to the arrester. However,

because the arrester has a |large electrical resistance, the discharge
channel will break into a plurality of elementary channels between the
intermedi ate el ectrodes, the discharge is quenched, being unable to
support itself. In order to attain, a high quenching el ectiveness,
paranmeters of the arrester according to the invention, especially such
paranmeters as a mninmal distance g between the adjacent el ectrodes
separated by the discharge chanber 5, as well as width of the discharge



10 different reginmes of their functioning are possibl e depending on

whet her a lightning strikes in the vicinity of a high-voltage electric
power line or directly at said power l.ine. The first regine

- corresponds to-protecting the HEIDE, frominduced overvoltages, i.e. from
t he overvol tages which devel op when the lightning strikes in the vicinity
of the IMPL. Such overvoltage is characferized by relatively | imted

anpl i t udeSyonRalre@xCeRdiongh SSulanidsylied dtrstly od treatrtesiar- (hp sisblagng bpdy ofs) .
The current_has an amplitude - .of the order. of 1 [

current dehispEestFembgrmpant iseondgured gp gxé“ﬁsﬁgﬁr c?%oﬁﬁ% §7p!r§ ﬁ%"g%@ 8#55)??&%% 2
KA/ us. AsE%@§k§QQ¥@thD}39gkgﬁgfy experinments, in relation. To this regine
and to the stréamer-type discharge an optinmal length of the sparkover gap
lies in arange O 0.1 to 2 nun. The induced overvoltages are dangerous

only for Lol Co heyek yoltage Class, i.e. for 6 To 35 kV
HEPLSs, thgé%&%saé@?%g?ggesf eing the main reason of lightning .-
- outages for t heagerbicaedll ndwdba mede thithfracadmppryineskesingbaje®i e rather rare
events because of relatively snall hei gl t ks BhioSHRP Ha%ing a fiat
~ Therefore, for Fg\'}'of &t 1Rt K I-‘-’%F@r'ﬁégtsgug}?’o%%%%snauced over volntgages, it
i's expedi gRiydiRe®e8y:t he arresters with g = 0.1-2 nm The DLS at a
.si ngl e- st andi ng:?'roy'nded obj ect_ can ,result .in g ,Ioi ht %iz{}gl,current ‘ranging -
up to more t hamiGodisenieRHn apSEws AR5 B 50 Y0 °1000 us and with
~the current dergiMag Ve eot 4G in frdstiSecRbh, S of frapmientipf e e@BodiAlensshofne DLS
-at a HEPL |ine conductor can lead, in theory, to voltages of up to 10 M.
- However, tih&I@LS at the HEPL of middle voltage, class protected by the"
lightning arre rsg.electrica RReed ﬁgﬂ{ghc,%r@t:k@,lhto each insul ator
results in act ﬁéi%bsat,ﬂg&aﬁfoﬁgé éefvr'agoqon séveral supports, due to limted
~di stances bet wag@. § hex Sompriewsin(@E@osseediongofgnothet aresics SREPHMCVAGOLRY -
insulation level of the electric |ing: 0., to 300 kV). Therefore, the
| i ght hi nh ek B¥ERERR %%?%@P%C&Lmé‘g‘%’geg@aq?“d%u_pports, with additional
~ branching at' t hggsygpRofibs frdth @béwt Eehcampdiraat shdvet ingd6- $i ght ni ng :
arresters associated with each of current. hases...As found in_fjel S
measurenents, tHE. duf relEPnt HEEUFh? GRS SUHB ‘??%8%% aﬁ%tflere%%g%élde%hgi"%?# For
such cur r epbodifieles md tnVehibh Aleiablie LRulbfiey 2a6e, wiio blighs tulzonthevhateni il
di stance g between the adjacent eiecirodes separated by the discharge
chanber s, dischered eharioeraopirdtocesisiaeppiedht nseiaiehbii®t i ng channel s fai nt ed
froth a nolten netal of. t I SambodimentlsBodm IERES70f hi gh vol tage
class (110-220 éﬂ@‘)?’i%‘é‘eﬁ{f‘?‘gﬁg‘g‘g get V\%né%o the supports are in a range of
200 to 300 m WGl e i Aohnsishapamially visktien of 8B pEeHs cHboSDTNY FOPTIE 2
Therefore, in case of _the DLS, ..shunti 1:he lightning current is perforned
by the arrig& “n%g"@n%’do?n?‘sc\lﬂbu%ﬁg o7 é‘}* so that the current through one
“arrester -does L. exeasdedOrdd abf@roftid sniodasan shawreinlu® of g in such .
HEPLs is preferably sel-ected in a_range.of 5-1 0. mm . 1 n: HEE f
super high vol tlﬁéfe){bﬁiﬁé@%gﬂgﬁ?@@fﬁwlgﬁﬁé cHPe %ﬁ%@g’og em?euégr?%% Ee?giu'?ogglorts
reach 400 | 0 rn, while the insulation |evel corresponds to 2000- 3000
kV. Thereforé, i'n case of the DLS, the arresters of the s&eng%;gosu ort- or
only ‘one arrestRifs. 02 illusprhims o dittwlision oy velinges befivesh Hg SHaFaorR Pt %%ri n
shunting the |ightning cur I BBHCHe GASGS: erliiRinhu haRbolihogisone
arrester can at % lliag%“?%]ﬁg(%}?{si or’ the 1-1 EBPI__§ of this type, the value
of g is prgfenabty: salieatkdedtroda shapeges afyligier witRe repnded upper ey vi ew of

the above data, en the arrester accordi : LAMERL F10N 1B S 6AP kY ed
for protecting @&%ﬂ?ﬁﬂﬁ%ﬁ‘é’dﬁ};ﬁﬁ%‘j o"?glte%btr%& gsj\l/ol t%ge cl'ass, the .

mni mal  di gi-3n68ad ot urtdnecdidj apeal, el ectrodes separated by the .
di scharge chanber is preferab) elected in a range,of 0.1 t AN
case 't he arresti8i- dé dispirg at%‘%?f@n} P BT g%t%%éf‘é"gn O@r&ﬁgg?%gtévng
el ements of  Lhe.HERLS a0kt BeshbOfe disubipetagughhymthbgailabass, the .
di stance g i1s preferably selected in a_range of 5 nmtg 20 mm An
assessment of aFI6k désshomist o AgESieH BRLEUBEDY ?Fénfa?sé‘@'h%rhﬁgo% FARBEPE £ d™an
insul-ation_ thickne h of [ dahe afigipt ow ng :
consi der at PEHE™E 0%"%‘%[11%%3%‘%{&?3%%% Fggﬁlagﬁ‘?&gbof a st rpeamer channel for a
di scharge in air under norrmal conditions may be determ ned according to
the fornmula proposed by S. |I. Braginslcy (cf. H gh voltage techniques:
Text book for Universities Ed. (3. S. Kuchinsky, St. Petersburg, :
"Ener.goat om zdat", 2003, p. 88): '




( di ' k - t6,(1) dt ) where/ is tinme, in seconds; di/dt
Is arate of a. current pulse rlse. hi anperes per second. The
Tabl e bel ow conpri ses values of the radius r, calculated according to the
formula (1) for various, the nost representative, values of di/di and?. it
nPy"be noted that the channel radius r" and, respectively, its diameter Dk
= 2r, are functions of tine, mhich means they increase with time. The

cal cul ated dat Jo LESP Asul arigder ease
of the streane?K%%anne E%ﬁlmkﬂxﬁg e ﬁﬁ%ltla?ﬂggﬁﬁggggﬁggialculated

resul ts fembbdiment wih theReasnedifto mlwvedwovqi@@%in@é@am inspiegon layer of a cable
‘ plece;
FIG. 19 illustrates a HEPL embodiment according io the invention using a
~conductor located inside & protective h}suia;tion layer. |

L)

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to FIGS. I to f—’ an arrester according to the invention comprises an
* elongated flat msulating body 1 made of a solid dielectrie, for exampie, of polyethylene.
The first and the second main electrodes 2, 3 are respectively installed on both ends of the
insulating body 1. Due to such arrangement, both main electrodes are mechanically
coupled to the iné.lﬂatinfr body. Inside the insulating body 1 m intermediate electrodes 4 are
located. A minimal value of m equals two, while an optimal number of Ehe mtermedxatc '
electrodes is selected dependmvf on their particular configuration, a prpua}cuiatea
overvoltage and other conditions of their functioning. The arrester embodiment shown in
FIGS. 1 to 4 comprises 5 intermediate f;é}actrodes 4 configured as rectangular plates
mutually displaced along the longitudmal -' axis of the arrester (this axis connects main
electrodes 2. 3). A sparkover air gap is forrhed between each pair of adjacent intermediate
electrodes 4, this gap determining a distance between the adjacent electrodes (measured
along the line connecting said adjacent electrodes). According 1o the invention, the length
of the sparkover gap shall not be less than the minimal distance g between the electrodes 4
selected depending on particular conditions of the arrester's functioning as will be
described below. Each such sparkover gap is located in a discharge chamber 5 that opens
to a surface of the insulating body 1. -

For protecting high-voltage installations or electric power lnes, one of the main
electrodes (for example, the first mam e_iecn"ode 2} of the arrester directly or via a
sparkover gap is connected td a high-voltage element of an installation or of ap electric
power line, for example, to a Ime conductor (not shown in FIGS. 1 10 4), so as to be
connected in parallel with an electrical element io be protected, for example, with an
insulator (not shown in FIGS. 1 to 4). By 11‘3 other, respectively the second main eluctmda
3 the arrester directly or via a sparkover gap- is connected to the ground. |

When an overvoltage impulse tmpacts the arrester, a discharge develops thersin

from the first main elecirode 2 towards theé second main electrode 3, causing sequential
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breakdowns of the sparkover gaps between the intermediate elecirodes 4. This discharge,
depending on conditions of its development, can be of different types, ie. such as a
streamer discharge, an avalanche discharge or a leader discharge. With the aim to ensore
better understanding of the invention and specific implementations thereof, only an
embodiment of the invention employing the streamer discharge will be considered below,

even though the invention is fully applicable to other discharge typf*s In the process of its
inception and development, a spark channel 6 expands with a supersonic velocity. As will
be described in detail below, if volumes of the spark discharge chambers 3 formed
between the intermediate electrodes ua:e made small enough, a development of the

discharge will result in crealing a high pressure inside the chambers, Under the action of

"this pressure, the spark discharge channels & formed between the intermediate electrodes

will be driven fowards the surface of the insulating body (as shown schematically in FIGS.
1 and 3} and then will be ejected from the chambers into the air around the arrester. Owing
s snch blow-out action which resuits in lengthening the channels between the intermediate -
electrodes, a total electrical resistance of all chanmels will increase. As a result, a total
resistance of the arrester itself will also increase and, and this will mit the Hghtning
overvoltage impulse current. After termination of the hg%‘afmnv overvoltage impulsz, a
voltage at an operational frequency will remain app}_zed to the arrester. However, because
the artester has & large clectrical resistance, the discharge channel will break into a
plurality of elementary channels between the intermediate electrodes, the discharge 18 |
guenched, being unable to support itself.

In order to attain 2 high quenching effectiveness, parameters of the arrester
according io the invention, especiaily such parameters as a minimal distance g between the
adjacent electrodes separated by the discharge chamber 5, as well as width of the discharge
chambers 5 in & zone of incepiion of the discharge and thickness b of the nsulation layer,
shall be selected depending on precalculated characterisucs of the discharge (in particular,
on the discharge current and its stespness, as well a5 on 2 precalculated discharge
diameter). As will be shown below, the discharge diameter can be estimaied with sufficient
accuracy basing on requiréments to the arrester following from its purpose, that is by the
characieristics and use conditions of an element of a high-voltage equipment or a HEPL to
be protected by the arrester.

More specifically, when selecting design parameiers of the arresters employed for

the HEPL protection, it is necessary to take into consideration that two substantiaily
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different regimes of their functioning are possible depending on whether a lightning strikes

in the vicinitv of a high-voltage electric power Line or directly at said power hne.

The first regime COi’l‘eSpOﬂdS to protecting the HEPL from induced overvoltages,
15 from the overvoltages which develop when the lightning sirikes in the vicinity of the
HEPf Such overvoltage is characterized by relatively limited amplitudes, not exceeding
300 KV, and by a short duration {about 2 t0 5 ps). The current has an amplitude of the
order of 1 10 2 kA, while the current derivative, di/de, at the pulse front is in a range of 0.1
to 2 kA/us. As was shown in laboratory experiments, in relation 0 tivs regime and to the
streamer-type discharge, an optimal ieﬂctn of the sparkover gap lies in a range of 0.1 0 2
mm. The induced overvoltages are dangerous only for electric lines of the middle voliage
class, i.e. for 6 10 35 kV HEPLs, the induced over\folfagas. being the main reason of
lightning outages for these lines. A direct lightning strokes (DLS) are rather rare events
because of relatively small heights of the HEPL supports. Therefore, for protecting HEPL
elements from the induced m}ervoltages, it is expeéient to use the arrssters with g = 0.1-2
,mm' ' .

TheDLS ata singie—stag&iing_._ well grounded object can result n a lightning current
ranging vp to more than 100 kA.g with discharge duration of 30 to 1000 ps and with the
current derivafive, di/di, at the pulse front up fo 20 kA/ps. The DLS at a HEPL line
conducior can lead, m theory, to iveitages of up to 10 MV, However, the DLS at the HEPL
of middle voltage class protected by the iivhminﬂl arresiers electrically connected in
parallel to each insulator results in actuating the arresters on several supports, due to
limited distances between the supports (50 to 100 m) and to a relatively low insulation
lavel of the electric line (100.to 300 kV}) Thereforé, the lightning current branches
between several supports, with zfdditional branching at the supports into three components
between lightning arresters associated with each of current phases. As found in field
measufements, the current ﬂlroaégh one support does not exceed 20 kA. For such current
levels, it is preferable to increase, o 4-5 mm, the minimal distance g betwaen the adjacent
electrodes separated by the dischargﬁ chambers, in order to avoid development of
conducting channels formed from a motten metal of the electrodes.

In HEPLs of Encrn voltaae ciass {110-220 kV), the distances bem’een the supports
are in & range of 200 to 300 m; while the insulation level corresponds to 500-1000 kV.

Therefore, in case of the DLS, shuntmg the lightning current is performed by the arreswers
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11
of one or two supports, so that the current through one arrester does not exceed 40 kA, For
this reason, the value of g in such HEPLS is preferabiy selected in a range of 3-10 mm.

In HEPLs of super high voltage class (330-750 kV), the distances between the

. Supporis reach 400 to 500 m, while the insulation level corresponds to 2000-3000 kV.

Therefote, in case of the DLS, the arresters of the single support oz only one arresier of a

phase struck by the lightning participate(s) in shuniting the lightning current. In such cases. '

the current through one arrester can atiain 60 to 100 kA. For the HEPLs of this type. the
value of g is prefer ai:-h selected i & range of 10 to 20 mm.

In view of the above datz, when the arrester according to the invention is pmp}oyﬂd
for protecting eiemenfs of the HEPLs of the middie voltage class, the minimal distance g
between the aﬁaacenf e}ectrom,s separatea by the discharge chamber i p?eferablv selected
in a range of 0.1 0 5 mm. In case the atrester according o the invention is tended for
protecting elements of the HEPLs of the high or super high voltage class, the distance gis
preferably selected in a range of 5 mm to 20 mm. ' '

An assessment of a cross-sectional area S of the discharge chambers and an
insulation thickness b may be made basing on the following considerations.

An estimared radius 7, of a streamer channel for a discharge in air un ﬁormal
conditions may be determined according to the formula proposed by 5. L Brag.msi(y (ef.
High voltage techniques: Textbook for Universities Ed. G. S. Kuchinsky, St. Peteisburg,
"Energoatomizdat”, 2003, p. 88): '

r, ~01Lfii| rfn (1)
dar) . , :
where 1 is time, in seconds; di/dt is a rate of a current pulse rise, in amperes per second.

The Table below comprises values of the radius ry calculated according to the
formuta (1} for various, the most representative, values of di/dr and 1. It may be noted that
the channel radius r, and, respectively, its diameter [ = 2r. are functions of time, which
means they increase with time. The calculated data are arranged in order cosresponding to
a gradual inctease of the streamer channel radius.

Table. Initial values and calculated results for re.

Reason for

"di/"dt_]iﬁ%/’p.s ¢, us e UL | Dy, mm ' overvoltage

OCCUITence




10 201 2.2 2.7 4.41 5.4 Direct

_ lightning' 1 stroke at conductor. i
repeat ed stroke
12
1 0.1 1 ] 05 | 10 induced
2 1 2 5 18 36 overvoltages
F
1 3 10 1 2.2 4.4 Direct lighining
siroke at cbnducmr;
4 20 1 2.7 54
repeated stroke ]
li 5 0.1 10 3.2 6.4 | Lightning stroke at
I support and
| 6 1 10 6.8 13.6
| back flashover
[ 7 110 16 | 4.7 94 | Directlightning
g
| e stroke at conductor,
| 8 20 gy 18,5 37
7 [ first stroke
i

Presented values for [ correspond to pulse front durations for the most

representative cases of the arrester employment: 1) for induced overvoitages (when a

lightning strikes in the vicinity of an electric line); 2) for repeated strokes in case of a

direct lightning stroke at a line conductor; 3) for a lightning stroke at the HEPL, with a

back flashover of insulation (for example, of an insulator stack) following; 4) a direct

lighining stroke at the HEPL conductor. The di/di values presented in the Table also

_correspond to the above-identified cases.

Obviously, when estimating radius {diameter) of the channel for the streamer (or

another type) discharge, it is possible to use different caloulating formulas or experimenial

methods optimized for specific applications of the arrester and/or for particular

embodiments of the drrester according to the invention (for exampie, for particular shapes

of the discharge chambers or particular designs of the intermediate electrodes). However,

as was confirmed by. laboratory experiments, calculaiions based on formula (I} produce

acceptable results practically for all embodiments of the arrester in the scope of the

atiached set of claims,

To guarantee that an excessive pressure develops inside the discharge chamber in

the course of a discharge, certain comditions shall be met. These conditions will be

examined below in relation to an arrester embodiment with the intermediate eiectrodes

configured as plates and with the discharge chambers shaped as paralielepipeds (see FIG.

1). The streamer discharge originates between those oints on the adiacent intermediaie
. BAary g P ]

elecirodes, whick correspond to a maximal field strength (in the embodiment of FIG. |
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such points coincide with corners of the intermediate electrodes), When the streamer
develops, a discharge channel expands radially from its axis at a supersonic velocity. If a
streamer channel diameter becomes larger ther the dischargé chamber depth £, that is
D >h=b+a, 2
where b is the thickness of the insulation layer; @ is the thickness of the electrode. then the
discharge starts to move along walls of the discharge chamber ousside of the chamber,
which movement contributes to cooling and, therefore, 1o guenching of the discharge. kt
 follows that the minimal insuiation thickness contributing to quenching is defined as
b=D —a, (3}
where ¢ is the electrode thickness. The larger is the insulation thickness b, the stromger
blowing will be generated in the process of the streamer channel expans_ion, and the more
intensive channel cooling and quenching will foltow. Therefore, to improve guenching
reliability, the value of b is preferably selected as cxceeding the estimated channel
diameter Dy.

On the other side, increasing b values results in incrcasing gas ;)réésare on the walls
of the discharge chambers, and this can lead 1o the arrester destruction. The optimai
insulation thickness b can be determined. by calculations andfor experimentally, when
working out a specific arrester embodiment depending on 1is application and employed
materials, However, by taking the electrode thickness a to be approximately 1 mm, it is
possible, by using formula (3) and the data from the Table, to determine that this thickness
b Hes in the range from 1 mm to approximately 35-40 mm. -

An estimated area of a streamer channel fongitudinal section corresponds to D, - g
In case the discharge chamber width is less than Dy, so that .

S<D -g. : (4)
the streamer will span the whole discharge chamber width before its diameter will reach
the estimated value Dy. In other words, the sireamer discharge wiil cover' tire whole cross-
sectional arca S of the discharge chamber. As & resuly, the streamer channie! will be blown
out cuiside of the discharge chamber which will lead to accelerated quenbhing.

By inserting in {4} appropriate values of the diameter Dy = 2r,, where values of the
streamer channel radius », are taken form the Table (r, = 0.5-18 mm aﬁd g=0"11c 20
mm), concrete values and possible ranges for cross-sectional areas 5f the discharge

chambers may be easily determined:
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: 14 .
S<2r, -g=2(05+18)-(01+20)=01+720 0,1 +700mm” ()
In some respects, a spark discharge quenching mechanism is similar to that for the
arc discharge inside the tubular artester described in the BACKGROUND ART portion
~ above, but there. exists an important difference comsisting in that the atrc {ha{fing a
temperature of about 20,000 °C) burns inside the tubular arrester for a relatively long time
(up to 10 ms). Such arc burns out the walls of the gas generating tube, and gases forméd in
the course of a thermal destruction are biown out outside the discharge channel. in the
arrester according to the invention, the spark discharge quenching takes place immediately
on termination of the lightning overvoliage impulse, the average duration of this impulse
being of the order of 50 us, that is about three orders of magnitude less than the duration of
the arc burning. Momﬁﬁrer, the streamer channel temperature does not exceed 5,060 °C, so
it is about V_four times less than the arc temperature. Owing to these two factors, thete Is no
erosion of thc: arrester according 1o the invention even after s number of actuations thereof.
The following variants of the atrester applications are relevant for a practical use:

i) for-fjprotection of the HEPLs of middle voltage class (MV) 6-35 kV from the
induced overvoliages (see the Table, lines 1 and 2);

2} for protection of the HEPLs of high voltage class (F{V) 110-220 ¥V and super high
vel%age class (SHV) 330-7500 kV from the yeverse flashovers In cases a lightning
protection wire rope is used (see the Table, lines 5 and 6}

3} for protection of HEPLs of high voliage class 110-220 kY and super high voliage
class (SHV) 330-7500 kV from the direct lightning strokes at the transmission line
conductor {see the Table, lines 3, 4 and 7, 8) and from the back flashovers (see the
Table, lines 5 ard 6) In cases the lightning protection wire is not used.

When designing the arresters, the heaviest conditions of their use in the HEPLs of a
ceriain class, that is the largest values of the rates of current pulse rise, di/df, and time 1
shall be taken into account. Thus, when designing. the arrester for protecting the 6-35 kV
HEPL from the induced overvoltages, data presented in line 2 of the Table (¢ =2 ps and 7,
= 1.8 mm respectively) shall be used in calculations. Further, according to the invention.
the rhiclme;ss b of the insulation layer preferably shall be made larger than the channel
diameter «Dk at the moment the voltage is af iis maximum, for example,
b>Dy= ngz 2-1.8=3,6 mn. The cross-sectiopal area of the discharge chamber S

. . . : A - 2
according to the invention shall be selected as § <D, -g=2-3.0=72 mm" For example,



371 ,1 1.

first stroke Presented values fort correspon.d to pul se front

durationsfor the nost representative cases of the arrester enploynent:

for induced overvoltages (when a lightning strikes in tne vicinity of an

electric |
stroke at
fl ashover
a direct

ine); 2) for repeated strokes in case of a direct _|ightning

. a line conductor; 3) for a lightning stroke at the HEPL, back

1)

of insulation (for exanple, of an insulator stack) follow ng; 4)

| i ghtni ng stroke at the HEPL Ponductor. The di/di- val ues

pr esent edthien dishiearJabthamides o witbr ris pargiar o crhesebey e shafle ntave | éd BEREY,

145 4-7.2
d< X B2 g
VY 314

Experimental studies have shown that in embodiments for applications according
to variant 1, that is for protecting the 10 k¥ HEPL and the 20 k¥ HEPL from the induced
overvoltages, the following arrester parameters can be selected, respectively: a number of

i = N g ) 2 . ve
the discharge chambers m = 50; g = 2 mm; b = 4 mun; d=3mm; S =7 mm" {embodunent

- Dandm=150; g =3 mm; bh=4 mm; d= 3 mm; §=7 mm” {embodiment 2).

" the discharge chamber, on minimal insulation thickness, and on maximal cross-sectional

It shall be further noted that in the arrester according to the invention limitations

exist only in relation to the minimal distance between the adjacent electrodes separated by

area of the discharge chamber. Thersfore, the arrester design can be optimized for

particular variants of its use, by varying the ahove-mndicated parameters, as well as shapes

“of the discharge chambers in a sufficiently wide range.

FIGS. 3, 6 illustrate an arrester embodiment having a eylindrical insulating body 1
and discharge. chamibers 5 extending from intsrmediate electrodes 4 to an upper surface
and to a lower surface of the insulating body 1. Thus, the discharge chambers 5 are
configured as through openings formed in the insulating bodyil to determine air discharge
gaps between the intermediate electrodes 4. The cross-section of the discharge chamber
can have a rectangular form (as shown in FIGS. 1 to 4), a circular form (as shown m FIG.
6} or some other form. The embodiment shown in FIGS. 5.6 is easjer to manufacture than
the embodiment shown in FIGS. 1 to 4 because it permits‘ to use, in the manufacturing
process, highly efficient hydroabrasive cutting of employed rnaterials, which outting
ensures fast and accurate forming the through opemings.

In the through discharge chambers (open to both surfaces of the insulating body) a

pressure developing in the chamber when the discharge channel expands is lower thaiy in

the chambers shaped as cavities (opening oniy to one surface of the nsulating body); for
that reason, a discharge channel velocity and, therefore, quenching efficiency In such
chambers is'not.so high as in the chambers of the other type. Howevez, they have & betfer
fimetional reliability because of a lower probability of the discharge chamber disruption
due to an excessive pressure. This applies also to the slit-shaped chambers. They have a
lowsr quenching efficiency, but their electrodynamic strength (that is capability to

withstand large currents, for example, in case of a DLS at a line) is higher. For that reason,
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The additional electrode 7 is electrically connected to the second main electrode 3
and so it also has a zero potential. Therefore. a high voltage applied between the main
_fe'lectrode% 2 and 3 is also applied between the first main electrode 2 and the addittonal
electrode 7. A width of the flat insulating body 1 is selected such that electrical strength
alono the shortest distances between the electrodes 2 and 7 ou the upper and lower surfaces
of the ftat insulating body are higher than between the main electrodes 2 and 3. Insulating
feai"UI"’S of a material used for producing the insulating body 1 and thickness thereof shall
be selected in such a way that an electrical strength along said distances was higher than
zﬂashavcr voltage between the main electrodes 2 and 3 of the arrester. This 1S & necessary

condition for ensuring that in case of the overvoliage the discharge will develop from the
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= (0.50+0.91)1. Therefore, when the arrester is impac acted by the voliage U, the main
part (at least, more than a half) of this voltage will be applied to the first sparkover gap
hetween the electrodes 2 and 4. Under the impact of this voltage. Us, said gap breaks
down, so that the intermediate electrode 4 closestio ._'the. main elecirode 2 acguirss the same
~ potential as the main electrode 2, while the next in‘celfmediate electrode, adjacent o the first
intermediate electrode, acquires the potential Us. Then 2 physical picture of a sparkover

. ; . . e
gap breakdown repeats itself. In this way, a cascade (that is. sequential) flashover of the
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with a fl &t hosifat fey flbe@ymlﬂl%naisiﬁﬁ‘t ki thersparkover gap 10, an msularor 1
HEPL is used. Thus, in this embodiment the additional electrode 7 of the arrester functions

also as the rod to which the HEPL insulator is secwed. The insulating body 1 of the
arrester functions also as a polymer insulation of the cap of the kind usually employed

when instaliing the HEPL insulator on the rod. Same as in the embodiment shown in FIGS.



additional electrode- 7. The first main electrode 2 is to be connected to
an el enent of a high-voltage electric power line, for exanple, to a line
conductor to which a high voltage -.potential is applied; the second main
electrode 3 is to be connected to the ground having "zero. potential. In
this enmbodi ment, as a supplement to the discharge chanbers 5 between the
i nternmedi ate elect odes 4, additional g;scharge chanbers are forned

bet ween each of the main el ectrodes 2, "3 and tgﬁg}ntegng%%ate eiect ode 4
adj acent therdeté bofhae holén™t FORBIVCET Schaiyalaing £ MEI B e

simlar to Lhe. dSGlaLes, chaghens Belneehabbeclnherpdaka, ok rbl ﬁad@s
However, odiments of the arrester according to the invent:

par anet er se@fods Ochn hadithe smal dedigs eh thegrientribrieeisctongns ge modi fi ed

consi deri-ng that the.discharge channe 18 1t sexceed
a length of a- %*?ng@haﬁﬁf agis?ﬁgz%g%§?%%ﬂ8Lgf@?ﬁarge chan%ef%@q

The addi tixanal ®VE6hy 808 Tad Srbeof thecakliyoc dANeCthed athogit Meliage donenerai n

electrode 3 and so it also _has.a.Z L Ther ol t age
appl i ed bfé%ﬂ\h@‘éﬁp R ISanAn, SeToes odgé Siggﬂg’“’%aﬁ‘ ca T@b%{ﬁo‘b‘?“"‘f‘“’d"f}t}égmeﬁeln t he
first maig,elechtodendeAnd 8ol tTioRatheelReks 0dRidns A Medbineofayt dse 1 at
insulating body 1 is selected such that electrical strength along the
shortest aisstizadgbgvbet ween the el ectrodes 2 and 7 on the upper and | ower
surfaces O thg L) atul BRI 9,00 AN R0 RELLRAR SRRty BREN

el ectrodes 2 and 4. 1nsulati ng features of a material used for producing
t he |nsulm;aagaddaﬂmtis@aﬁctchzm%mﬂhﬁzwlgwapm be selected in such a
way that an el ri.c strenth an t ehi 3 aan.

fl ashover volt 16@? i e|A"ﬂnm‘\’| 13}33 g@gﬁ@%\@g? E&Il%kéﬁ arrester.
This is aﬂgﬁge@weng@ndldop@ypef@fﬂns{cﬂ |ngsmhmm1t iNoc 268686E. Nheeroerrivol t age
t he dlscharge w || develgp fromt Pl ectr.o A

spar kover [ YEp 50 dtiffe it He QnFe?Wg)d’F eGreI{;l e%f’?eéd%dhmtqghyﬁn E{OE%EO

el ectrode,d,;d.A%i§AtRh W&%LywbﬁtﬁM@§patihﬁoiMQ ave@eisraBe fos, armwhe
addi ti ona? ]Iectro 7. to a presence of the additional electrode,
this arresﬁbm@nﬁ@)@ﬁ ment. ﬂps3 aFacteri zed by | ow flashover vol tages, so
that it becone $9iPLE S0 b aid E&?b QVEr #eht 2960t BndlebieRed vidWad evel .
The way the ad?iﬁog ona L&f es’gt H) e}Fmﬁ I’uen(B:Ies t he 1flashover voltages is

expl ai nedinsilstioralayef Br fmned b hEh@Sesstt micktivdene. The ends|of tha psgidBdoer
fragment of asic.cjreui tdiagram . Nt Qg@&gpt ed
in FIG Qa‘etfﬁ?&’? f‘Fa"gFFéﬁPancé?lﬂ%l n Wnﬁg L?él ?gfxﬁnlaﬁ'ﬁﬁﬁg? Z(g??%gr& [

adj acent | Ri.AEdRA BERL €k@goriqtst sﬁoﬁﬂ}j A hetabohile mmﬂmgnmwweonﬂam is

Capaci t Cl and bet th d 4
and et vederhe T et D R T R et

seri es, g n, wider an inpact of the overvoltage inpul se, vvhen a
a

voltage U g)_glled to the arrester, a voltage Ul wi |l be app ,ei !
capaci tance Cl TanaTestsr's SmcHenisg Br1eesesn blob‘ég\%eéﬁhp}tnﬁéim@?fs‘fe oy /TR
el ectrode_ g, € sthefaddiof z!v!'%s’fEBﬁncbe
determ ne%i% C?rr%gsruté%aat ﬁ%ﬁg,%ﬁl% gf&ggﬁ@rﬁ% %%Sﬁ?ﬁért%ﬁ%gf%r mul a: LI Uc, ;;t uo
Due to reltetdbyepryvincea diawefosions of the supdisgcBashpen 1B FI5ePTWE F Pt it e

el ectrode 4 faci the additional electrode 7, as well as to that

di el ectri E‘p‘b%tf(fﬁapg?q}ﬁe??/ a of a soliddielectric is substantially higher
than air di el ewtdehnpadured ugmmg ispulsasufirinygd al the Line 8ynduche, tbapreskavance

betvveenthelnterrredlate ectr 4 and.th addltlonl ol r (that
i's the capaért SAEEHEFER Cf%aég %ﬁ ‘a]lb%lf’gth FREYFod, n% ﬁ%él gr?gju%d) is

substanti gli ltz% e e ppiano theinsapas Ee@ﬂé& thekeee bk hié fel eetirnddomrios t he
main electrode 2: Co> C. 1 and, respectively, C/Cc, < 1. When C. 1/ C0
val ue | i egejipon. Ff@rpéﬁgléa@} fhpsame pefential as RdIRFS PHEEUL lies in the range
1.11 = (0.50+0 T dehe cade ﬁstc%chhr%elvm}&fabadvla% h@e

vol t age U. theD%él)té]Jme aﬁ?g?&%gi?&%mrgﬁgn a half) of this volnt@a e w | |
be appl i eebrﬁmetolﬁé*erhooistnsskaaﬁmﬁvmthgaiﬁﬁ»%éﬂ%@ﬂfﬁsh@U‘él o gy dedige

Under the_ippact of this, ta OWLndS he

i nt er medi Bcfgpeﬁﬂée@ieffi mp4‘t%%ldseg?ﬁdt H%'ﬁe%rr%f‘:%%glwgit&?%greg ac%u?Ir ré%aﬂtoﬁ}ge sane
pot ent i al afss. theinlab nheteetingdacRrenkike, thvemmekt's olt-srnadichtrectelidiet' ode,
adjacent to the first inteinediate el ectrode, acquires the potential Ue.
Then ElI physical picture of a sparkover gap breakdown repeats itself. In
this way, a cascade (that is, sequential) flashover of the 18 gaps

bet ween the- internediate el ectrodes develops, with a spark discharge

bei ng forned. Because of the cascade character of the discharge gaps
breakdowns, the required | ow flashover voltage of the activation of the
arrester as a whole is ensured.

to the-



FIG 13 illustrates the arrester enbodinment with the insulating body

1. shaped as a cylinder with a rounded upper end. The insulating body | of
t hi s enbodi ment conprises a hollow cylindrical conponent and a solid
conponent - having the rounded end. The additional electrode 7 |ocated

i nsi de the hol |l ow conponent of the insulating body 1 is also shaped. as a
cylinder with the rounded upper end. The first main electrod? 2 of the
arrester js conngcted.to a |ine dustor - t Pl aui iSRapover
air gap 1{5’.03‘{? ‘Jélgg"e 30?“’%% “'l}o‘?’/réi%\?%ﬁpaéiett%n ﬂ?shug;t%lb% u%%%rhg , gh?‘ali%g%g%’rer

i ni tiallyof@Fdregacianion] e fagankoksrlogaperds; thagrater bgiuiot pver th igbnister t age
beconmes applied to the first main. electrode 2. Consequent functi.enjng of
the arrester i@“?fh@es%?éﬂsésﬁ%n‘ée@gpp‘bgﬁs% e’e(ﬁc?ﬁngﬁ ﬁ%‘ii}i‘“euf%? ée:%%glg{"o
FIGS. 1 tQ.fno into the Fb@r 2t dol hobiSh kidre sirdihig tiy éc@gib@sr embadi andnthe WEPD t he
internedi ate el ectrodes 4 arranged along a spiral |ine passing near a
surface ofuttgrerhpteVeeconponent of the el ongated i nsul ating body 1,
Werein the adgition kegt + Lol BRRREE etk Wet frehfR€ of @ROREARIM for

el ectrode 3) igﬂh%%g%'?&ég‘@%n%i l%ggtqiﬁecchol I g%ﬁ%pgnnegt. Such arrangenent
makes it possidlkenfimraimpbylitate tar erobedbmentishpva i By dr Sribaberugn ol e
internedi ate el ectrodes 4 than.in 3 i Yo Mag=1a) ) d =l G
13, and, [ SeoRyapSie $¢5¢é3 ur ‘ﬁfé}%g%!%gé%?%{%%’e%}c |”%%é%%¥§li%n§ ﬂgf t he
arrester. 1 ASCOogghpIwhis i Soleb asbinpensnt (ehthealhadating Bidverndefiisodidithanlt s t o
be descri bed, below, _ bhoth the hol | ow conponent and the i tional

el ect r odecpFtErsr @By Oh BFE A0 c’ﬁl%ﬁs @Pgﬁngéc?ﬁ g‘nq 4\ PF%%%I» 5 % L one
of | ocatiu,of dihen MtehdRgioatifye!1e Gt aResictabuahoho s FAS e Tht dmesieadld fi es
a uniformdistribution of the internmediate electrodes 4 over the surface -
of the i nslattatdengrelsoibpddeddntidnaREs helcplyserpie FEURREe FROE SHBPYRM T Whess

of the ins!ﬂel(%tt.é)ﬂﬁ\ﬂ Si n any of radial directions. FIG 15 shows a
HEPL enbodinent. accor I'mg to the invention conprising the arrester that is
suppl i ed with ‘ncisasukhtdontpivaionaeflte hBLEI andbal dhe BResiry proed 19 fhe

insulators. This arrester enbqdinent..| [l ar dien g,épc'jvm”
0 PGS, B e U Q1T TOrE FrTh e s S s IR e Bseale
spar kover g@apetBediab stnstdat by ook biver FolERE thes wismdusiEhogy thenLFALs -
enbodi nent the additional electrode 7 thecarrester. .functions.also. as
the rod tBusiificlh ¢ifersrEproR ﬁ)s“’ﬁ’lgact"iﬁ‘ gq“sﬂs@cufgeﬁ{wer%‘gﬂi‘mg’ﬁ Pé%i}encb‘?%%‘]dﬁy ?Sl of
the arrester, NGl QRS cALSR a@ShaAp@oh YRR uchdiSpilsaisitan zab vahe. Tapebie, the |
kind. usually enployed when installing the I1EPL insulator on the rod.-
Sane as | mmﬁea@md::dhﬁbﬁﬁlsﬁ@é\me picsyr @gcording tq §IedRYnEAn bEhE STRERBTY ow
conponent , ot .t H IDg, 1apd 1t Bey agdid i QRBL ueliest vateeEhtkhe
circul ar iéﬂﬁ“%g‘sé-}geg{é@g%\% oe?ﬁﬁ%ﬁ i fy manufacturing 'Edhe arretsitter, its first
mai n el ectieade 2 can have the sanme design as the internediate el ectrodes
4. In cagg.of .th ervol tage o e J.ne: 5bq 9B the REPT-,
a di scharge 13 i B?a?ﬁnge%}%e{ﬁs%%§ %T oagrge %he&%g&rg}ng%gi%? the | nsul ator 12,
so that atdRhghomeldsagavbeaomananfidathat e tihvestéd p pieceraf an epproprddeatic Thi s

is followed, by cascade fl ashaovers of .t he gaps...between .t i i-ate
el ect r odedith a F9iifs inspighony iy E%ﬁgewh?{?ﬁbﬁfeo?%}%i lﬁsuflﬁéms 3 \%%%}Qg{s)%e ggﬂ%ﬁ? ed

above.  p,n0WPEGANSRAl BethelieRAhS Wiy thedahe esditinapeaednrin T uaekions fof
HEPL fastening neans, this enbodinment is. chgr %ﬁt eri.zed by a striall.size
and | ow costa wire or banfipiagsl ehBiksSUHE Gr FERCRYS BiIfb dPdt™ U1° BPESPYY, 8
fnstal | ed;gn,; ol AR QY kA HE MR iQf whh WeREnd ¥RGctUEAL)
(cf. Russ?Sg%m%gtl%%{qs%%@%dog%&%@m@nber_ 117,‘ , 199" 3, , HO1 T4/00, and al so
G V. Podpothkicabic GsuMrioi irathis wibdes mwsilpie brdy ! Sregrssier Grioaredotisindad

di stribunon, . power. lines wth ng- I Lght i S A at@fod0r 6,
T0°kV((RrRR G g8 M Tl ARG i pARD DRRBIEERUTD S B,
met al : r oCinshRnbn tavef esverag| topnangicoveie dpatwilistharge dbagibieratd o pragused 11

formed of high-pressure; polyethyl ene. The engds of the i N 1dpQop. are
fixed in &% g§ @@Hf%d’réﬁugﬁﬁgg %@/WP%‘%H%&O&:AL%F% b 8%1 tf)} rgé&'?rgl"‘%%h%glg Cg%ganz

i nsul at or ghnst-aldfdhatedmkliERllensuRPpDidd (predtraldhovmycenAherel eldctodes 2,
surrounding the insulation layer is placed in_the m ddl art of .the |oop
and i s conrfadteyigmadiplefdeEaeut foECYT 458 e@p@r‘ek‘g‘\?%%!%icﬁ N <8 S The
arrester's functioning is based on enploying a creeping discharge effect,
whi ch effect ensures a large length of an inpulse flashover across the
surface of the arrester and thereby prevents a transformation of the
.inmpul se flashover into the power arc of the operational frequency.

When an induced lighmng, inmpulse is founed in the |line conductor, the
sparicover air gap between the conductor and the netal tube of the
arrester will break down, so that a voltage will be applied to the



70 |l ocated under a simlar characteristic of the insulator, so that, under
the lighting overvoltage condition, the flashover devel ops across the
arrester but not over the insul ator. After the inpulse Iightning
current passes, the discharge extinguishes without turning into the power
arc, so that a short circuit, the conductor damage an.d the HEPL out age
are prevented. - When the LFAL is ysed in conbination with the

arrester of the invention, for exanple, confiqured according. o the
embodi rrenFIT%WPSF’HGCF‘P@%???"d@ce@ﬁ”e%hﬁ%ﬂi b%%“%?v‘%l}iea f‘?cFaé“tglﬂﬁﬁG‘seeXg%l RS main
el ect r odeg;idikePeBbLocbd ﬁf ?ﬁ%@ cl QS RRG oY el Y atiddY atuiGre WBInPict batthepeand: dthe
LEAL clanp, - while the hollow conponent of the insulating body and the
addi t i onatheéhternadisteeletohs aad EMRANS HEPSTH SERPSIEROSEY HERt PHH W' 8ape
profile), anef SREGLE YahY srP¥ohBe DS VWALE QihaYRE: dbwand ridie

met al rodc%%b%tq?gg%%%\?f@hgﬁlﬁ%t %é)r‘%“re I ate el ectrodes are em;edded inside a
strip hel igdhkysewstindeitacaromgemetiof Hel diblike opdwentt ipnewspanofe digek hEal
arns. n case such conbination the of .

accor di ngﬂ’ted"'lhf‘*ﬁéﬁﬁ ﬁQEFﬁPPB‘ﬁ"EEO 18et ﬁiwr?g{ Wgejgogtgf\%slp ?‘ggaéir” cngtrilgiﬁt“ Tq%)gn%% cgeS
cascade flLaghaner g wis therigapsiibabmeienat hecdsatigis mediiabe iehec fulGldals tevel op

at a | ower_vol taege t han when usi ng nl ggﬁ%he g@L.prurt her, J:n difference
from usi NBISHRTEF RECISEARER BRoFERYt Eg’ﬁ& HER B ThETHSETAPYE 8 Bhsur ed
bef ore the, GHLNER3E e LRV ek LAMBRBYINASEL Sl rZ@iithpMalayRarp drop

Therefore, the conbination of the LFAL and the arrester according to the
i nvent i ongf hsquentens epilis] 2& thmarresicihehereiore dbs vEhEES CPAMRSY REBRYH Eal
LFAL, and, .furrher, D i1y QLR85 r Rte DirORBE 0 F L ASE Sther. FI G
17 and 163(?1%?%&&ratsgﬁgl%%@r‘%glt%g}r E%%[r)\ggilurrent 'Ipr oduced.mlu;:i ng a S%bl‘e

t echnol ogy. Asinaoriavo panplifyoramdavafragtafrtha gredier. dergeRewire g phekeancfe an

appropriate caple with a solid insulation is U , <\ i L

i nsul at i OF?PE?HE“P%? %‘é%déﬁgigr%)r#‘ 8‘?%&1"%@ 61 &W 8%%%%?1%%%%@ h%g?ﬁgg gl%aldng '
body 1 angetshe @deiticonahiliebett dddbarde tiesieed supetaytialk amtalo wifoenofhdand
is placed on the surface, of such c bI_eFE,i,ec.e,t&%rlld theﬂa%le nmore.sol.id -

i sol at i onc§ssiied gROOFERTN EcchAACET 2Rk aERY, PYol EREPIRFIGh ST Stk h § Wi th

wel di ng t he. newha%ehcd Qrtten cabl e insulation). In this way, the
i nsul ating’ %oﬁy of the arrester is forned, the body, consisting, of the

cabl e i nsul at i Bi§. (fSostmvriga tienisst Pow BN oEh Tt Eh corBicReraptd Sk =
i nsul ation laye L NGbhiS Joh Stk b @i AR AN@bpordiichalsr shanber s
5 are pro%c’:sg% J&bg).gxﬁ%}lltg%f ‘%%gfoor%fﬁ%ﬁ T Elga) %lfﬁgn th}g i _?ljgcl'h ating body 1,
t hese chanhensifonatng (Sind distfiargecogaps. biethwnethe fibe) e ragdgsaater 12

el ectrodes 4 and. (preferably) b n, I, rode : he
i nt er medi 5t ¥UEp @8‘1’9&8‘8@535@3‘& éléjéoﬁ%é%ﬁ ere %ﬁ%gr % fsgg%aﬁ?g%ﬁé%aaﬁ%g?%g%jl I
have a 2fasehingwhedhis €5.085 SasRCdvan dpidecpicatiuaeett ythdhé Flsteniyl noraps 15 and

alternatively, a rectangular (for exanple slit-l.ike 0ssssection, (i f
produced BSHIgaf P}Cﬁﬁﬁqnﬁfﬁal}é?{eﬁﬁgf?&a’ ?’%ﬁggﬁeéh‘bﬁléq‘ﬁm eﬁ%ﬁ@r}ﬁﬁt 7 SF S piE &

i nt et i nedatg, alast TRIBS: anth tRctRIUCE cbilerasd 8siehntiraesshoNthis saing, net al
band or wre can be helically wound" simlar to the arrangenent u%e,d in

the enbodihishtscationie] ArepeGo 5 cqnaueas s §F 28 [iecEls Fotach MBigeE Mt 8% the
slit-1ike_.g 5S ;t'g%% L Baaik BReEIREDET Sets also a
corresponﬁ‘fn%g%gj’tsﬁed‘%c}}la% nt: ?ﬁfﬂr}]ﬂséég ltgé%‘ggégjp?)r alal_at eorn_ot dir efi:t? egi} ?Sowards
each ot hethe additionab etecpeds ent aht yarfeeran d achatrin. ivgds eviiph $he GREISIHY | s

t fulfilled, the disch channel. bl ol j |
Chanber s, SER LR gL TREBH E ST EHAAREl 1 oAb vy i 1By B

“i nsul at i ngf PedyoteGive ndilitidhgy<r dSubdaiadgodtwea: t&hanap: dicopedet. wirich gumreshi ng
ability of the arrester. Therefore the slit-li kf_. di scharge chanbers in
adj acent FHFRESSRHIG holla™AITIOPTHAT 155 LR PYIL R PEEEZF rotated in
relation to eagheRtA&vervoitage id dbpQEdes tieQeonitinRbd §.ya Mashshachsr tags ofacd he
arrester, the netal wire or band can be replaced b conductj ng cord. or
a band nadeosfhcmsganT § 715603t SichsPupg %@ﬁéﬁgﬂbﬁfﬁié}fgﬁé@wgmﬁ“&gewde
drilling or jklli j ek 8 S uRebalidiald shaeRsheival0, the
perform Wéﬁﬁéﬁ%@?%@gg%}%??g%pggﬁ?ﬁarg%tnglréi zed not onI'%%bby its_ .

t echnol oghmairedetlbmpt(iheeiss giaithelectzlds &) byillabehingler ecoTERTAMAES BRIBHEE hiDis

FIG 19 shows a fragnent of a HEN. with protected conductors and with an
arrester enbodi ment optimzed for this particular HETL. A support 14 nade
of sonme conducting material (such as reinforced concrete, steel and the
like) carry an insulator 12 to which a conductor 9 having a protective
insulation layer 16 is fixed with the aid of netal fastening nmeans 15. A
clanp having an electrical contact wwth the fastening nmeans 13 and acting
as the second main electrode 3 of the arrester enbodinment of FIGS. 7, 8 is



means that the overvoltag.e will be applied between the first min.

el ectrode 2 (the arnored clanp) and the second main el ectrode 3 (the
clanp), and this overvoltage- will cause downthe-line flashovers of all
gaps between the main electrodes 2, 3 and the internedi ate el ectrodes 4.
As a result, the core of the conductor 9 via the arnored clanp, via the
gaps between the internediate electrodes 4, via the second main el ectrode
3, via the fastenjng nmeans_1 and Vi i f e} t he

i nsul at or Hfﬁ“&é@d&‘&&“&’o@@?r f"%{ép? %ppélgcril%%%{%g% %"% ﬂeggre fgun ed g%icoéprg?t& d14, o)
“that the Li.gh}Mdge Qen¥ eladgectaxe 6 ent cianip), dldabis avongtaghivell pashdewit he
ground. After the lightning inpulse is over, the discharge current.

ext i ngui sHedinevflashes gasli #ystBYHe '%%\}{Eﬁm aer[??ﬁfgf{“éfg%, 2 g’ﬁ‘g%?‘hél{t Elm%élm
continue ta fyacki %E‘ ML Mol QR Sth@d8nducior 9 vidRRIAhbRI&ILapabi ik thgs of
the arrester according to the invention has been confinned: Wexperiments in
t he cour sbetekemtiiechieanediae @&@S}H@ﬁest“mﬁmﬂﬁ)é§0ﬁét}”@c§“ secuseicy VI SHETTH |y
produced for this : . . e; ¢+ ibashever -@kgegter of
a loop typB&E=Y Fad @‘?ﬁgtﬁﬁﬁﬁéﬁ%ﬁgi shroks %’3?45%‘% r IpaRaouer < ‘and 2) the
LEAL- 10 Wethiptitd saitle griwgied bupponi 14 s et drer éghiwing evdeeliage armgé soh diong to

the inventjon (shown in -HG .16) wound.arour e . £ f o
LEAL 10. FieaF CHSERt Bl St eh D T T A ds R et BB i

_ essential features a cable -
of Pl GR- 8 o{¥peisH@N ufiaelt pediByiotihe po¢Senk alaleThnd tranitne SturinRete fusbiry,
Russia) had an al um num core of 9 nmdianeter and a pol yet hyl ene
i nsul at i ofvihayie® 28 num a |l ength of an arm (fromthe netal tube edge to
the clanp edge), g\@ﬁo&@oca% b @si it enfBdl alcenrBingClor adesmvéniier &as been
configured. as Washer s wth the external diameter_ of 9 m*naqu ith the
t hi ckness coffirtmed i exphrayenipinahe pOBETREFHIFR Breiers pf HRJEPSAET f Wre i bber :
the total nunber of t I nt i .electr gl e 50¢eshtr G Stiagce
bet ween t REH nggn%cegl%%rcﬁsgéﬁggg%%F Z?Sgtg:f 123}%3 I(il)ﬁf‘jilﬂgéckﬁ‘ar5% chanbera(\ﬁ/\yfas
sel ect ed ty@ebBFQL=102 withn frichbiker masondaf olecyetiet tihy) GadhAdi-5t wibettsgsh t hi s
enbodi ment. were expl ai ned above):. each of.the gdi -ge ghanbersb |kad a
di anet er a@g%%vﬁ' W ﬁge érrﬁg?rg?ﬁlg slimgn gocorting 0 %t" ﬁlg% gg%égglgar r es?gr' 167
enbodi MeNty,REE A find Grk A e drny SAthonFAabF Hespendeel tiovitehdudbby éeltbedss | bed
enbodi ment 1 intended for the first application variant 1 of the
arr est er) essepdpl f99818F r ester shown in FIG 3 was wound around one of the
LFAL-10 arns (1 hatel & BicBuRGypdenabav@rddess tdaskviall's phine¢s) Paictdbus, pi t ch
of 30 mm so that the arrestér covered, on a cable Piece, Ienr_ghp .of 30
cm that is abBussiriedtdn aldmtura cpergft h 8P diBelpr)d 2 ppiveigiens msulagpn
tests has showpavglhgftmgg%h arresters (the standard LFAL-10 with rings and
t he LFAL-10 equrpped W th the arrester according to the invention) are
abl e to protech iddaeh dfahBER (fosubamstz] fuberrighie the grivmeday) ves E¢hrges;
however, the LEAL:10 with rings.quenches the foal , : Aerdahe
zero current vHACUETEENH T ??L%tg ‘gerﬁaﬁsng?gg%c(aég%ﬁagﬁﬁqﬁﬁ{e%r r%ﬁa@
flow), while thgnaidhesbanmaaeordh fig thiokidse of hwent thon wesemdidded ine LUp r ent
i medi ately after the lightning overvoltage (which |asts only about 5-30
us) is over andagpal yBFARGELNME the |ine conductor |owers down to a nornal

operational valig.l hufBans HdiplrhfRaudElOSIRE @t Soons Wi t hout

i ntroducing any pause in the current flow, which is i o%t:ant en

suppl yi ng el ectrdigincy bebvasnebt pdiAFE! G]éw{tf%é sgpargied Eb’ﬁ% & C}?&LVF e to
| nterruptions L0 g Pyt SupB! yum Ahd TRAFIARL: aduankagerobisthe: Gamined
arrester accor di ng to the Tnvention consists in that its overall ,

di nensi ons ar e embodistent Weeeexplamed abegs t hat of the prior art version of
the:arrester LFAL-10 reover. the a the Jnyention.gan, e,

desi gned for aHigHere g%f‘f‘%%“ec abs"rsse:’sgd%gﬁﬁlfz%g, "tﬁbel-ncur rent-shunting
devi ce accor di ngut,ahé bstddnarenter embhéimeat substinntd el iyveniioe negesponded o

licability and substantially j ed functional reliabili; .
& Schar ge. chandEqHEAERTHE FRLRUEERS RPA- Rc) Saar ot RE hiE: 817 ne

internedi ate elgghredes. On the other hand, such increase of the

i ntermedi ate el ectrodes nunber while keeping total |ength of the discharge
gaps unchanged results in an increase of the overall dinensions and cost
of the arrester. Therefore, an optinmal design of the arrester shall be

det erm ned depending on its specific intended application, with relying on
t he guidelines presented in the above description and taking into

consi deration such basic paraneter as a type of installations or equi pnent
to be protected, a voltage class, a required | evel of protection, etc.

The above-descri bed enbodi nents and nodifications of the an ester
according to the invention and the electric power |ine configured for



in the , that a nunbet: of inproteenents. nodifications presented exanpl es
can be made. all of tees in the ahove- of the attached set of ,4 the
foiui of a streamer, but in another faun, for exanple as an aval anche

di scharge Or as a | eader discharge, sone other appropriate fornulas may. be
enpl oyed in determ ning an estimated di scharge dianeter, probably with
resulting nodifications of preferred values for mninmal distances between
t he adj acent el ectrodes. 2-+ CLAIMS 17°An arrester for |ightnin

protection of @kememrshotnd EEEri vas woEed FOEPE8uOP! BF %ﬁ%i%é‘?ﬁ@%éﬂ/\er

line, the arr es%efd Eofelan o] R dngﬂo%@ cétﬂﬁg I8l 'v@i% Q@Q&’h Hpﬁﬁmg & 11PHe Grrester

dielectric, t WO mai n erectrodes mechani cal oupl ed to the insulating
body: and two aﬁﬂeﬁﬂ;@mn&iﬂaﬁ reds, aatiengher&’é@omeshaansréawgé@hﬁb@rﬁ/@éﬁ1@1@@ Pai n

el ectrodes and még le{Iv di spl aced at Least along the |ongitudinal axis of
the insul ati nghB f}‘ 4% nt er medi at e el ectrodes conf | gured to enable a

di schnrae -t o OCkdHesth BhIERRERENbAE atrbBRerngihe s&héﬁﬁﬁdﬁ&l&ﬁdthtrb]&s and. the
internedi ate el ectrode adjacent to sai eac he main el ect r?qcﬁ%% and

bet ween abfAabelft equnred maH] HecTBFEE FFOHERS @ 1 a?“”am&mf Bt ?‘b Py ‘hat
the inter @L%s%la%r adesans: hegated: ﬂd&ﬁéx&eﬁef@‘ﬁxmulvatﬂ Migsheeichand are

separ at ed roma surface thereof by an insulation |ayer havi ng a thickness
exceedi ngﬂ"a fpllee ai"-t:mr@n‘e@ﬁ e st STep vERe BOCHaTEIStoF PAsE ¢! dr SEXAF J&

wherein a \F I ot afllo 113{3 t‘ﬁig‘gﬁg& GRAIREE Sicdle f*z?ere'i{ﬁgﬁ hetywarn hbe.adhacent

i nt er medi A& el '€t r’o e |scharge thambers being open to the surface
of the i nswhadikinly dfedyhe lagiﬂknmglevmnlt@ﬂ*dmbs:sa lge pitiyrrhbutay-86 1S Bfovehand

di scharge _chapbers in.a zone of. the |schar I nat

sel ect ed 1% '8% eﬁt@eglm@o‘i%‘a‘t“it‘i’}r%ogﬁéf Yy, mv\hef%lgl %%r%%(milqa% 4%33%%%%e
bet ween t hg adiacepticnavehiRdhdsRchleot pmd;em the c,mam fiow thcmes angfcesm‘er
according toclaim 1, char aeteri

di st ance Wéﬁwmi"lfﬂgﬁ@“%flé‘tE’n@ie%’f‘%& deyefes (i C%‘E‘P‘été’tsgae*‘rggwﬁée ﬁ%ﬁrglpflﬁﬂsge of

1 nmto 5, mm, OWer SUp iﬁ - A R A SHO  ASCHT ﬁ'z'e%rzidﬁxﬁ' @bdBel aceh@hach erd zed
in that mni ance bereen t he adj acent el ectrodes is sel ected to be

in a rang&watﬁﬁcﬁl qmmlstﬁ)mzf@mrm overall Ci?«mﬁﬂsmﬁé!f%ﬁiﬂéﬁ't BrecdERss e Myt ot Beersi m 1,
charact er [ zed. 4,1} Lhafe Libig PEAYLdedauichtagdl Lianal (dischatdrachanber s

f ormed be ﬁe nmain e rodes’ and tﬁe i nt ernedi ate el ectrode
adj acent t&igat dredofheobolidre cimsa. el ectr odes.

Thus, the cﬁz‘rent-—shunting device according to the invention has a substantially
widened- applicabiii‘cy and substantially improved functional reliability. The discharge
channel guenching increases with increasing the number of the intermediate electrodes. On
the other hand, su"h increase of the intermediate electrodes number while keeping total
length of the cnscharfre gaps unchanged resulis in an increase of £the overall dlxrzepszons and
cost of the arrester. Therefore, an optimal design of the arrester shall be determined
depending on its s;jéciﬁc intended application, with-relying or the guidelines presented I
the above descﬁp@ibn and taking into consideration such basic parameter as a type of
installations or equipment to be proiecied, a voltage class. a required Jevel of protection,
etc.

The above-described embodiments and modificaiions of the arrester according to
the invention and 1.hc electric power line configured for using such arresiers wers described
only to clarify principles of their design and operation. it shall be clear for persons skiflea

in the art that a mumber of improvemenis. modificatons and changes m ihe above-

In 2l A earisk Redtees woitie r o e orrachies st f
presented examples can be made. all of winch being witilin 8 scops of the snached set of

ciatms, For example, if & discharge between the electrodes of the arrester develops not in



5. The arrester according to claiml1, c ar act or i ze din that the
di scharge chanbers are configured as rectangular or circular openings
formed in the insulating body. 61The arrester according to claiml,
characterized in that the discharge chanbers are configured as slits
fornmed in the insulating body. 7_The arresterl according to claim1,
characterized in that the cfischarge chanbers are configured as through

openings formed in the insulating body” 26 8 The arrester according to
claim1, fdeuerbrisyeaenardut atnathie PHs IPRPRErsdy aveasihg fighae® & Hdr, a

strip or aﬁgrl (iﬁ S{glehgm%% E%eﬁééﬁgﬁﬁé“e FGGREA g o egjp@ijga 1n deGhakagtgri zed

in that the insulat I'ncreased t'hickness in zones where the
di schar ge esthambbdischope mhanetethprosuif sd@ refultingengdiBentians wprpfedyd vabgs fThe
arrester acc.or?li ng to.claim,l 'ad?a@ea{t% t.eriged in that the internediate

el ect r odeS"HFE glﬁ‘g‘B%eﬁ OREVEST SIS ST Rder s.

®



11. The. arrester according to claim1l, characterize d in that the

I nternmedi ate el ectrodes are made of graphite or carbon fiber. 12. The
arrester according to claim1l, characterized in that the mutually

di spl aced internmedi ate el ectrodes are arranged along a |ine coinciding
with the longitudinal axis of the insul ating -body. 13. The arrester
according to claim1l, characterized inZ2hat the mutually displaced
internediate el ectrodes are arranged along a line parallel to the

| ongi tudinal axis of the insulating body.- H Arrester according to any of
clairas Ito 13, czh aracteriz .e d in that a_n additional electrode is

pl aced inside the insulatins body or-onrife surface thereof opposite to
the surface to which the discharge cha%bers are opened., the additiona

el ectrode being connected with one of the main. electrodes wherein. a

| ength of the additional electrode corresponds to, at Ieast a_half of the
distance betvean themﬁmhmneﬁﬁdﬁhﬂﬂg§pxmmﬁomMéﬂ@mﬁﬂaOﬁﬁ@@wQ@Whmgﬁﬁéﬁgﬁh of .

the insulatign between fhe addltional Gl A hith A BEh Hadt®bia solic
dielectric, two main electrodes mechanically coupled to ‘the insulating body, and two or
more intermediate eicctrodes-arranged- hetween the main electrodes and mutually displaced

at least along the longitudinal axis of the insulating body, the intermediate "eiectrédes
.configured to enable 2 d1scharge to oceur be’cvveeﬁ cach of the main electrodes and the
mte:rmedlate electrode adjacent to said each of thie main electrodes and between adjacent
infermediate electrodes, character jzed in that the iniermediate electrcdes are
iocated. inside the insulating body. and are separated from a surface thereof by an thsulation
layer having a thlckness exceeding a precalculated diameter Dy of a chammel of said
dlschar , wherein a plurahtv of discharge chambers are formed between the adjacent
 “intermediate chtmdﬂs the d1suharfre chambers being open to the surface of the insulating
body, and wherein a crossasectmnal ares S of the discharge chambers in a zone of the

discharge channe! formation is selected to satisfy a condmon S<D g, where gis a

minimai.distance between the adjacent mtyrmedxatﬂ electrodes.

2. The arrester according to claim 1, cha; acterized in that the minimal -
distance 5etween the ac‘gacent electrodes is selected to be in a range of I mm to 5 mm. '

3. The arrester.according to claim 1, charactert zed in that minimal
distance between the adj acent electrodes is selected to be in a range of 5 mm to 20 mm.

4. The arreste"‘aoaordmv to claim 1, characterlzed in that it is
provided with additional chscharvs chambers formed between each of the main eieﬂtrodes
and the mtermediate electrode ad_; acent to said each of the main electrodes. B

5. 'E‘he‘ arrester_ according 1o claim 1, characterize d in that tﬁe
discharf.{e chambers are configured as rectangular or circular openings formed in the
insulating body.

6’. The arrester accordma to claim 1, characterized in that the
discharge cnambers are conﬁcrured as slits formed in the insulating body.

7. The arrester according to claim 1, characterized in that the

discharge chambers are configured as through openings formed in the imsulating body.



el ectrode, not connected with the additional one, exceeds a pr [

fl ashover voltage between the main el ectrodes. 15. The arres?e?cgggglg}ﬁg

to claim 14, characterized in that: the insulating body includes a hollow

~ conponent, wherein the ,additional electrode is placed inside the hollow
conmponent. - 16. The arrester according to claim 15, charac ter ized in that

- the hol | ow conponent of the insulating2body and the additional electrode

have circular gross g g{% ckdrdinkh
dinpN & alfigstier: peeotdengzed dhaihm
characterized int Y ?l%e %I%hg mhﬁch t he nutuallgzdlspfacedﬂ&

|nternedlamﬁkahgbmhaﬂemqaﬁesabmamgﬁﬂOfg”ﬂﬂgbfraI line. 18. The arrester

according to claim cha act er i d, hat
additional ly cgnprl igés Fl %C%dfr%c %1 g 5%1%1?3%2%5%?% ;gghgf)ﬂ;\ﬁt the

| gg Inrgo 2 tent ,mgx_ﬁm}% b8yt hae a;igh@{emd datiemes Ie(zbr@dégfﬁa’thé disrhreeierIbes QPen e -
rip The, arrest.er accordlng to claiml8,
char acterlﬂzfeﬂlffaﬁf‘?fﬁh%mf‘ﬁé“%%?‘?dﬁ is helically wdund around a surface of a

cylindrical holpow FROPRAREL according to claim 1, char acterized in that the
intermediate electrodes are shaped as plates or cylinders.
_ 11.  The arrester according to claim 1.’ characterized in that the
. intermediate electrodes are made of graphite or carbon fiber. -

12. The arrester- according to claim 1,characterized in that the mutually
{uspiaced intermediate electrodes are arranged along a line commdmg with the lcnmtudmaz
axis of the insulating body.

13.  The arrester according to_claim l,charac t-:e Tize d in that the mutually -
displaced intermediate electrodes are arranged along a line parallel to the longitudinal axis
of the msu}atmg body. - ' '

14, Arrcster according ’co any ofclavnc Tto 13, oh aracterize & in that an
addirional electrode is placed inside the msulatmc g body or on the surface there(?ﬁf opposite

' to the surface to which the discharge chambers are opened.- ‘the addmonai eiectrode being
conrected with one of the main electrodes, wherein a length of the additional electrode
correspc}nds to, at least, a half of the distanee between the mam electmdes and wherein a

-' breamiovm strength of the insulation ‘ne‘m een the addltmnai electrode and another main
eiectrode pot connected with the additzonai one, exceeds a precalculated flashover voliage
between the main electrodes. _ '

15. The armester according to claim 14, chafracteri zed in that the
insulating body includes a hollow component. wherein the ;additional electrode is placed
inside the ho_liow component. | ' S

" 16.  The arrester according 1o claim 135, chara cl_t erized in thatthe hollow
component of the insulating body and the additional electrode have circular cross-sections.

17.  The arrester according to claim 16, char a"c terized in that the line
along which the mutually displaced intermediate electrodes are arranged is a spiral line.

18. The arrester accordmg; to claim 15, characterxzed in that the
msulating body additionally comprises a strip attached to a surface of the hollow

component, wherein the intermediate electrodes are embedded inside the said strip.



20. The- arrester according to claim 19, characterized in that the
additional electrode and the holl ow conponent of the insulating body are
respectively formed as a core and an insulation |ayer of a piece of an
el ectrical cable. 21. The arrester according to claim 20,
-characterized in that the holl ow conponent of the insulating body has an
U-shape profile, wherein the additional27el ectrode and the hol | ow conponent
have an equal kgngth,. %ﬁ@mi—iaééo&diﬁawc@iﬂe@s,rmerksteomtiegiuh-eﬁiafatéﬁatrMS al
tube enclosing a curved part of t he hol | ow conponent, and the second main
el ect r ode hiticaitp slvand saind/a gotisk 063 cHsHEAOICY BEPASds of the hol | ow.
conponent and is electric cledipht ot be 23dditd na) d elneedatodde, and
wherein the i n?_@‘r neﬁ?eatag”g{%cc%gﬁgg are arranged on one or both ar of
the insul aiingnddetiirode and 122 holluw ebmpondnt of dheknswianrs o¥H ATeTRRFY Shpor t s
provided with insulators, . at.l.east one l|.IV gg#g r.afi@upl ed to -
i nsul at or $OFFARAECRHIAAG H}sa,m%f? el}a‘%}%%gcse?ﬁ%ﬁe- .|%%tcr%?ng_ arrester for the
| i ghtni ng prot egti omOfrelee ABAIGin@to tiaam e0ech e cpower ¢ld incthachanaldeer i zed
in that said at.|east one lightning arrester .i.s configured. :Lester
accor di ng comperrep! of the ingiigsng dpey bag, ' ”Sﬁapez’%‘f’ﬁl?h‘@h%?]@gﬁer ?%ﬂg%\?\}e%lgﬁnﬁﬁée
according toschahm 22 chakacter ZRdi et vt ik enaln Elsdrodaiinccelieuted ede of
said.at | eas{'h one arrester I's connected, directly or via %W{S]park ver.gap,
to an el enemdl tmbe tehelosibect ciyepawer of it hplow copioenents &8 Hharerh THE
second main el ectrode is el ectrical GRS B8 ofetht RENoWicb@sbdan aid i a a
- spar kover 383315, %98 ’?ﬁ‘f@@é%aflg'h(%%ﬁ'digoé%f)?me el’ectric power | iﬁ_e accor di ng
“to clai m 2Bcrichy avhpsdadedvitn thhatdditheal ielestrodmdanst otherain | e JOEFPHEFde a
protective insulation |layer, the first in_electn -of the arrester is
conf i gur e§legBodes %W%?fy%‘i‘ %01319%?{&}5&) i lflﬁlé&glf”c?t%gg'ti ve insul ation |ayer
‘and el ectrical by Coppegifs: hewkh&ne eadipeitiag:, sipperis eoonitdneitn ietubgars.cie - of
the arrester is arranged on a surface of the Erot ective Insulation |ayer
“and is el dett poallivy copvrien 6AURIPG RO ARTRAEYE PAlBER T hS Y of Sécurtng
sai d condyctor to the jnstl ai @i phhieciRhest blefeRoVET thbi dhextrid pewendim,at i ng
body conp llgétg%n"a %%‘o%vngénpo%en% P\%\herei n said hol | owgﬁégpq?ne t and an

addi ti onaleted et t odez 6ff ihbatarides tesst enedichBins YrrEen 1 TOEREEE] Fuiy age™y

segnent ‘of the prot ectd ye insubation layer and a segment of the conductor,
both the ﬁﬁ?qr‘glﬁgé%‘?ﬁa’oﬂr‘ré}%t‘mgﬁzgt“h’e addi ti onal el ectrodes being | ocated
bet ween 't he maip, el €6 Electeis, poser link ecairding heclint 82.redtls ne et o be ¢ fotidd?lof

the arrester _are enbedded inside a, snip attac . faq

ol 1 o Corfoffehain TR ThELrEet i ot 1T e hl Bt L6 Sttty
h ar acdeolad efématthf thetdirisgbeed listtabopratsial mangpsd thensepérsl main
arrester, \A%’erei_n the hol | ow conponent, of the insulati n'gE QQ%M t he
addi t i onalelesiredst is citetrighlly pRINSFIEHOFT HAFEY OT VRGBF *E¥O&82-séctions, and
wherein the addjti Oﬁ"ﬁ%el BCtIQME [ihe 2@ ¥ 88ina 33,2 | 0da of et he cidnsuthat or
whil e the insulating . body I's configured as an insulator_ca .ad?éot ed ffor
securing tiheiivasudattaris é;ypatd@éngié@j_a protective msulation layer, the first main elecirode o

the arrester is configured as an armored clamp arranged on the protective insulation layer
' and electrically ¢onnected to the conductor, the second main electrode of the arrester is
arrénged on a surface of the protective insulation layer and is electrically connected with 8
metal fastening means for securing said conductor 10 the insulator of the electric power
Hﬁe, the insulating body comprises a hollow component, wherein said hollow component
- and an additiona_i elecirode of the arrester are configured respectively as a segment of the
protective insulafion layer and a segment of _the conductor, both the hollow component and
the additional electrodes being located between the main electrodeé, and wherein the
l intermediate electrodes of the arrester are embedded inside 2 strip attached to 2 surface of

- the hollow component.



28
23. - The ejectric power line according to claim 22, characterized inthat
' said insulator is arranged on the arrester, wherein the hollow component of the insulating
body and the additional electrode of the arrester have circular cross-sections, and wherein
the additional electrode is configured as a rod of the insulator while the insulating Dody is

configured as an insulator cap adapted for securing ‘the insulator on the rod.
- . v . B B



