LIGHTNING ARRESTER AND A POWER TRANSMISSION LINE PROVIDED WITH SUCH AN
ARRESTER FIELD OF INVENTION The present invention relates to lightning arresters for
protecting electrical equipment and high-voltage electric power lines (HEPL) against lightning
overvoltages. Such arresters can be employed, for example, for protecting high-voltage installations,
insulators and other HEPL elements, as well as varipus electrical facilities, BACKGROUND ART
There is known a so-called tubular arrester for limiting overvonages in an electric power line (cf. High
voltage techniques-EekDMNNRa2 &L Mo Ik W%@%ﬁﬁ@ﬁﬁ%@@@?@q% 287). A main
element of the arrester is formeghlysa fybe Madeoianinsulating;geggenerating material. One end of
the tube is plugged with a metal lid having an inner rod electrode fastened thereon. A ring-form
electrode is located at an open end of the tube. A gap between the rod electrode and the ring-form
electrode is:galled-anrignen, @ gfe quenching gap. One of the electrodes is grounded, while the
second electrode is connected, via an external sparkover gap, to a conductor of the electric power line.
A lightning overvoltayeresilts IRVATHHRAKERNAS oFholFYBIE SOt AN i pIsEetiRterit i SHdnted to

the ground, After the averyolteas dmpusethirouah.the.atrester NRs derminatedy . folaw SHERN!

continues to flow, so that a spark channel transforms into an arc one. Due to a high temperature in a
channel of HHelaRERTHvearc BuABRI S TR tapy) an'iteneiie has BrisgbrtaksE PiateBroviding

a strong pressyre,ingrease.Gases dy flawingtedhe.oper.endiefthe tubgigreate a longitudinal
blowing, so that the arc is quenched when passing its zero value for the first time. After a plurality

of actuations of the arrester, the discharge chamber of the tube wears out. The arrester stops
functioninggpreneriy angpeadsra replacement, which means an increase in maintenance costs.
There is also 'mown an arrester for limiting overvoltages in an electric power tine, the arrester being

based on the use Biapibteive sparkeNet JiPyap 3ohten e disBR &y hatirrsadiEn Bigholtage

techniques, Ed. DyiY- RazeyigiMoseaw. Eagrgiva’ Rublishing Hpuse,i29160R:285):iPee Rkthe rods
in the prior art arrester is connected to a 2 high-valtage conductor of an electric power line, while the

second rod PESRRECENEE: d GFBURCER StricHE, F6FERAMDIRS BTasSITp AUt R A8 WR6WEHSr a pole)

of the electgic powaringe |@a§3g%%&fa§ﬁ§g QNRRRItagR.a-sRarkavenaRP Digaks.domr, sostbat ailightning
overvottage current is shunted to the ground, and the voltage applied to the device drops rapidly. In

this way, bBHY SRiG thEPRgHAHOCERERIShE Y TR dvERRI Bgee i A aie 8 R ITWEVEr CHFC
quenching ahility of-asiRgle gap issmall.(8e hataltenthederminationfetiheiovesveliagealiaipawer arc
follow current continues to flow through the s arkove‘;\j%;ap_. Therefore, a shut-off device must be

activated faPHTeAKiAT 4GRS ERR Bragith s sing e tindasndtie W ERSTRTERE rEEENANG electric

power fromdhis aleetiCiR@n externat sparkover gap, to a conductor of the electric power line.

A lightning overvoltage results in a breakdown of both gaps, so that an impulse
current is shunted to the ground. After the overvoltage impulse through the arrester has
terminated, a follow current continues to flow, so that a spark channe! transiorms into an
arc one. Due to a high temperature in a channel of the alternative arc current inside the
tube, an intensive gas emission takes place providing a strong pressure increase. (Gases, by
flowing to the open end of the tube, create a longitudinal blowing, so that the arc 1s
guenched when passing its zero value for the first time.

Afier a plurality of actuations of the arrester, the discharge chamber of the tube
wears out. The arrester stops functioning propetly and needs a replacement, which means
an increase in maintenance costs.

There is also known an arrester for limiting overvoltages in an electric power line.
the arrester being based on the use of a protective sparkover air gap formed between two
metal tods (cf. High voltage techniques. Ed. D. V. Razevig. Moscow, "Energiye”

Publishing House, 1976, p. 285). One of the rods in the prior art arrester is connected tc a



There is further known an arrester that. differs from the above-described one in that a third,
intermediate rod electrode is placed. between a first main rod electrode and a second main rod
electrode (cf., for example, US Patent No. 4,665,460, HOIT 004/02, 1987). Thus, instead of a single
sparkover air gap, two such gaps are formed. This feature made it possible to improve somewhat arc
quenching ghility of.ihe AEHRS AP SOSWE KD, the.id of the AUe3ter. Queaching. of moderate
follow currents (of the order of tens amperes) in cases of single phase-to-ground short circulits.
However, thisundedteirisiyrmbie toxqoenehteurrarmoskteisding 200V wiiiehrelitentshareleppical for
two- or thregsphage-togroynd Shert Clrepits in, iahtnind. VErolage 4365w, s4\hifle: Glagaghprior art
for the invention, an arrester intended for the'Lightning protection of elements of electrical facilities or
an electric power it aHTSUPP BVt @ Seecaleameni-dlschiviies s WESY dBckisEePity RU
2299508, MIR 3123, 2007 mayhendicated. Jhe pranaranester.comprisesAn nsulalinggdy made
of a solid dielectric, two main electrodes mechanically Coupled to the insulating body, and also two or
more interridgizae. eldvtiotes. aFhaiitetediateislectiod esnlbiciare affaget beeehicthéfmain
electrodes, are;mutyally disnlactdableash Alang thedengivdingl axisofthednslating. hody,They are
configured to enable a streamer discharge to occur between each of the main electrodes and the
intermediat@leetrsdemdlacesivs. sailtdaeh 6F e mam bleatibrsed aanisraipatwiden adjisbent
intermediatg elecirogles, quiOWingsiapreaking adistance hepueen dhe. maiR-elesirodesdnig.a plurality
of sparkover gaps, this arrester possesses a higher arc quenching ability than devices with a single
discharge di@s-or with just a few of such gaps (cli for example, A. C. Taev. Electric arc in low voltage
apparatuses, Mosgauy, {ER,BigYa: Rublishing Houss' A965.#, 8%k aboNeyetheless:dhe ars
quenching ability of the prior art arrester is not hlgh enough,. so that its application is limited to the
lightning pretéstibnisiieErEP Exlotiveltage HassE1brRVeSUBN BifeSR SRS tisBih dhe
lightning protegtion.pf the HERLSRENgheryoltags slasses fordfie reasordbenumiaerehihe..
intermediate electrodes and the arrester size become too large. DISCLOSURE OF THE INVENTION
It is therefol8%n: oijaEt BFERE SresEMESVBIEEITES BroYitle BYP SHESEIWRF dHigR il HBA 16
manufactuging;an EBI@@@%%&%%q@%ﬁl@%ﬁ@'@ﬁé@iﬁﬂg%@ﬁ%%h'@Jé GHEGRL Senchingre,
effectiveness. Such features will make it possible to employ the arrester of the invention for the
lightning protéetibh SFtHE REPIES F-1IEMgHBE VU tgE CHS 8PP0 W s RV HridhiyREN OaHdEalso to
improve te%{&@%g}ﬂw &eenemig chasagleristics of dhe arresters: of thecveltage alass3-L0kihie  in
other words, the invention is directecfl to improvir]g1 reliability and simplifying a design of the lightning
arresters. 10 GPRBRUBVERBSEFREY BB i attAitE F EsB AR B SYTING aff dFFestaR 4ot the
lightning profechignret-elactiical faciiies or-i-amalectic.power line, the arrester comprising an
insulating body made of a solid dielectric, two main electrodes mechanically coupled to the insulating

body, and two or MErénpisenREe ROt EaCHRTTGHRS 5 SHETE a BisRietr o (1B ehtghipisa
streamer discharge) o ecshthetweeneach pkthadmainelecirastesand the-intermegdiaie elgstrode

adjacent to said each of the main electrodes, wherein said atgjacg;\t (gaqlectrodgsyqrg,plgced betyveen the
main electrdtiedSAdEEFIGHIRNF dpraedoad st amnd tHe ongitlidiral xid of theaPi&UiRiHg body.

In some empodimants, aHingalong whish:the-mutiialhy displaced tiermediate elegiodrs-afg.arranged
may coincide with the longitudinal axis of the insulating@%ody. The arrester accaording to the invention is

characteriZB¥iriHE: tHetRtEB e AR SRS SR S 9o Ra EtF RS (Reinstitd Mg oty Shiaie

separated frapsA-suifacr iherref biandinsuation davehayingathickngss exceadingaipracalculated
diameter DI( of a channel of said discharge, wherein a plurality of discharge chambers (or cavities) are

formed betREeHAHS atiaderitaihiehiniifate Bletiaal thd tiseRANGE Bafmbers B8 g opai® a
surface of theiingwating-badys andiwberginia cressasestionakamears otdhe gischargaahampers in a
zone of the discharge channel formation is selected to satisfy a condition S< g, wh{(}a{e g is a minimal

distance betiBerFHEaefacaht interEaIRE MicrotdE)de adjacent to said dach ol the main

electrodes, as well as between adjacent intermediate electrodes.
Owing io breaking a distance between the main electrodes into a plurality of

sparkover gaps, this arrester possesses a higher arc quenching ability than devices with a

el

single discharge gap or with just a few of such gaps {cf. for example, A. C. Taev. Electric
3
L

LR

are in low voltage apparatuses, Moscow, "Energiva" Publishing House”, 1965, p. 8€5).



4 Depending on a particular arrester embodiment and a selected technology of manufacturing the
arrester, the discharge chambers may be configured as cavities or through bores formed in the
insulating body. Such recesses or bores can have cross-sections (that is sections by a plane normal to
the axis of the discharge chamber) or various appropriate shapes, i.e. circular, rectangular,

slit-shaped, etc. enabling.the. discharag, chambersiiaPergm isirfungions (19,hedescrigdibelow). In

some embodiments, the cross-section of the discharge chamber can have a size varying along a
depth of thecohambyerm(iiesasisize instedsimghinliebirsetiorobicthensiribe o thedhsoltagissdy).  An
important itio e iNg afatn; h ovesspecified ahject of the iRventior cnsists in an
optimal seﬁgggﬁ' c?]JJ %e%?s'cgﬁée Cﬁar‘nﬁk?egrcsgss%z%ggm‘z)ﬁrg? gpe%i*%galI?{%Ed?gghgrﬁgggga%mbe%?efgth
determining@taginirhiabdisfante giseanabn thenkdjackHtcelstroddshalpyeoprstardbiyesamsstad
depending 399% particylar 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; -0f,g May heselected.in a range from | 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 bdtinttbersserant phiderabl{reatierst iRaTHAYETN S MmAs BReFhmith 2 esome
embodiments gfthe apesien itcanhe additionallyprovided withthe.discharge cbambers, formed

between each of the main electrodes and the intermediate electrodes adjacent thereto. \s for
configuringethiecirisplatiely tsoeRfeticeprete fatshy (PaipeatiBGlAPTore SWEAY e 48iABSSOf hiatfitaéiure) to
shape it as 2 har; 2 iR, P2 SYindenCostRatameleTsof fearester canbe addiionaliimproved by
using an embodiment thereof requiring less material due to providing the insulating body with bulges in
zones in wichthe’ disenziggsichandoelfs Gpempsane ‘samriea! o th&iABOTANE BBEE Stish Sbitifion
makes it p%§§gpg&§%,pgggkq§tgggeggg@_i@iglgness 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 redube@ther wonds1iecdinicotensirHiy dasiHo S8 PHBAJAGRHE LI e BRI EiaR 4i5e

intermediatg.glectredes pigferably.arg shaped as plates or cylinders, for example made of a metal,
graphite or carbon fiber.~  in order to satisfy an important requirement of a low flashover voltage of

the arrester accorditfyaeritesiPRFsREdIP I proprsess tesprBUME iPWFCxH EHdRibAHFERCERE d8°
connected with.one of the mainelestrodes. andifgarange this additiengbelactiode on a,sutface of the
insulating body opposite to the surface to which the discharge chambers are opened, or inside the

insulating eyt e Bt EXsdtinmhalss avahtatiecsSHHSm HlsgBEgn EehSTtRiFatBRs 19 Provide
the insulating bogly with @oﬁﬁimnggmﬁﬁ@%%ﬁmtm@@%@liemél slestredainside sueh hollow

component. Configured in this way, both the hollow component of the insulating body and the
additional eleelipgebrefaratn ashaniaae B8 FEdmRP 8 SSSERAbAISTHESRII K OPOYERIEH produce

the arrestep, agcording adhsoinventionusingaRiase of @gsticakiprble. withia corg andir solig
insulation of the cable forming respectively the additional electrode and the hollow component of the

insulating BOBRJ VR DHRETES BRecEUaE BNl SRE HETot cBIoN BT FSUiInBE T Eam eSSt 2l a

general casg, alangth aftheadditiopalelpsirade criraspands:to arleashahalihefihe distanse
between the main electrodes. Electrical strength of the insulation between the additional electrode and

the main el@BRBEERBEohrBE el therathith i s Bttty resRirgar thasIpreta Gt fadiover

voltage betyyegn thepmainglestiodess the TBadniermediate eleettodes cansbesamberdeg:inside a strip
of an insulating material forming a part of the insulatinghggdy. Such solution_simplifies arran igg the

intermediaté SIECRE s BoRy A Iptit I 31T EGH dkahhIEiHE HEXBIE Sty COMpTahg THE=C
electrodes ganbefixgdingsustaceofithe: Rellewcempanentotthednssiatingbadyiinsschasway that
the intermediate electrodes will be arranged parallel to the longitudinal axis of %\% in Oﬂlating body.

Alternative 2 YHE e SHEISETFRAR tHE iR tBTr B IS5 0ES carPbd RNy Siotimeta
surface of a.guisgdricaihalipw componsnt, spihat-theintermediate elesicadesasermbtuadiydisplaced
along a line having a form of a spiral. The latter embodiment makes it possijble to.increase a total

number of (RETHtENAECRE BIeT de & 5P iRt R P EERPHItR ST REER S Y ST BtarleHSth S d thereby to
improve adglitignally the.ats:onenching ability afshesasresteriischirzansiiemative emboedinient, the
arrester according to the invention can be employed in a combination with a prior a%long-fla_spover
arrester of & {66 &pEN AL OTRHR e TS Hirtht 4O G o HBRet of the inSUIEEmg Bbdy can
have a U-spape, profile, whetein.the firstanain slectiads canibe copfigured as a metal tube enclosing a
curved part of the hollow component. Thé second main electrode can be mechanically coupled with
one or with both ends of the hollow component of the insulating body and 6



electrically connected with the additional electrode. In this embodiment, a metal rod of the LEAL.
functions as the additional electrode. Therefore, the additional electrode has a length equal to the
length of the insulating body. The intermediate electrodes can be arranged on one or both arms of the
insulating: body. One more object of the present invention consists in providing an electric power
line with a reliable-jightning pratection {9,he achigwed-hy, supRivingthe,line withireliahle gad lgw-cost
lightning arresters configured for low flashover voltages and for a high arc quenching ablﬁty. This
object is atfARERBBREVIBIh G aR: sleclic B&ﬁ)@frgﬁeciswmiﬁa%dﬁp@ﬁ%fw@eﬁ ithiiiifsufdtors, at
least one liye cRRAUGHRL GoHAlRd 0 the inskiatars hydasieningmeans Angd,atdeast ene-aggster for the

lightning prote_(:ﬁon of elements of the electric power line. In accordance with the invention, such
arrester (préféiaibly sadh 6EAOBRIPY P BESUKH arrdstER Y i iy Gisehas e &ptRstbp at¥Hling to the
present invenption. According q preferged: emhediments gfdbg.invention, oneiafdhe.main.plegtrodes of

at least one or of each of the arresters according to the invention is connected, either directly or via a
sparkover gaBRSAFeRFHSROIHE BIRRIED oWt e Srofetted; Whills SRS Electrode is
connected gither.gdirgctlyronviaa sparkovengan. adheearthg . Ia.5ase m&lﬁivg cepductoref the

electric power line according to the invention is located inside a prgtéctive insulation layer, a segment
of this con@hetebadjaeentits HIiFsiNGHt bFtFHE e s swErthaldhe Iseada H_aEEen the main

electrodes of the AFEStehaaR: ke isedestheaddiional.glectrodg.whileaperespanging segment of
the protective layer can he used as the hollow component of the insulating body. In this embodiment,

the first maiyelERodeMAtbe tofighPeals BH%iHBreéd diiinlariihge CBRERFE pratettivédfsulation
layer segmept and electrisaly,connpsted-with an end.of saig conduston sgameat {thatiswiththe

additional electrode). The second main electrode will be arranged on a surface of’t,he protective

insulation IAY8F At s Etdreshelic pERHEHETE GRS TREEIERY Bouyaise eletthidsiosoiigtted with

the metal fasteping,means fol:seeuring theconductar: i this embediment, theriptermediatgelectrodes
of the arrester are preferably embedded inside a strip of an insulating material attached to the surface

7 ™ i

of said segiign o HEBrEtE VS NRIAKEETHaT YO TR ORESST (6 prefe Fret BT dBitkEntE BT 852 electric

power line gesQieingtenthevention employsan arrastenembadimentwithdhe msurtineghogdy and
the additional electrode having circular cross-sections, wherein the additional electrode of the arrester
is 7 confighPBHE Aok f tHe TR IStBThEEaffdactirecty BRERETaMestaR The 8UIEHG Bothrof this

arrester empodiragnt isceppfigwacdasaninsuatersap-of-thmbyne usually employad fanseeusing the
insulator on the rod. BRIEF DESCRIPTION OF THE FIGURES Reference will now be made to the

accompanyiP8raARgs wherans of seell s AFBHEHeRN RS EroRe-StibH: B anarelir

embodimenthaying fiat insulating body. FIG. 2 is a view from above of the embodiment shown in FIG.

L 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 1s preferably (in particular for ensuring
easiness of manufactore) to shape it as a bar, a strip or a cylinder. Cost parameters of the
arrester can be additionally improved by using an embodiment thereofl requiring iess
material due to providing the insulating 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 laver only in zones surrounding the discharge
chambers, while in sections between such zones the tlickness of said layer may be
substantialiv 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. 3 is a front view, in a cross-section, of a fragment of the embodiment in FIG. 1; FIG. 4 is a view
front above of the fragment shown in FIG. _. FIG. 5 is a front view, in a cross-section, of another
arrester embodiment according to the invention having a cylindrical insulating body; FIG. 6 is a view
from above of the embodiment shown in FIG. 5; FIG. 7 is a front view, in a cross-section, of a still

another arrester emhogimentageerding 1o, the, vention.having-the Jnsyiating bodywith bulges in
zones where discharge chambers’open to a surface of the insulating body; FIG. 8 is a view from above
of the embotisientsoWALAFIG, Imyventioy.G. 19 epfrsdt e paetiaiyi ih seedon oohanl eester
embodimept comprsing,a,flat iasylating,bady. and.an adgitignal eleetodes il3.1& i8a.yiew rgm above
of the embodiment shown in FIG. 9 ~ FIG. 11 shows a fragment of a simplified circuit diagram of the
embodimefitiskswn TheriG el badvilirswaresia Wistibiaicriordotagestbeivesn thadlestisees of the

arrester; FIG. 13 SHOWR;dD .CraRssaclian,dhe atestetembodiment with path the, insulafing,pody and

the additional electrode shaped as a cy‘_ﬁndef with a rounded upper end; FIG. 14 presents a
modificatiofegEthe@wibedinant ShovayincHIs. 18 havimgipéy with a holiow component, and (o

place the additional electrode inside such hollow component. Configured in this way, both
the hollow component of the insulating body and the additional electrode preferably shall
have a circular cross-section. This will make it possible to produce the arrester according
to the invention using a piece of electrical cable, with a core and a solid insulation of the
cable forming respectively the additional electrode and the hollow component of the
insulating body, with boib this electrode and the hollow component having the same
length. In a general case, a length of the additienal electrode corresponds to at least a half
of the distance between the main electrodes. Electrical strength of the insulation between
the additdonal electrode and the main electrode not connected therewith 1s selecied fo be
larger than a precalculated flashover voltage between the main electrodes.

The intermediate electodes can be embedded inside a strip of an insulating
material forming a part of the insulating body. Such solution simplifies arrangmg the
intermediate electrodes along an optimal path. For example, the flexible strip comprising
the electrodes can be fixed to a surface of the hollow component of the insulating body in
such a way that the intermediate electrodes will be arranged parallel to the longitudinal
axis of the insulating body. Alternatively, the flexible strip with the intermediaie electrodes
can be helically wound around a surface of a cylindrical hollow component, so that the
intermediate electrodes 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 mtermediate
electrodes of the arrester without increasing its total length and thereby to mprove
additionally the arc quenching ability of the arrester.

in an alternative embodiment, the arrester according to the inventicn can be
emploved in a combination with a prior art long-flashover arrester of a loop type (LFAL).
In this embodiment, the hollow component of the insulating body can have a U-shape
profile, wherein the first main electrode can be configured as a metal tube enclosing 2
curved part of the hollow component. The second main electrode can be mechanically

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



mediate electrodes arranged in a spiral; FIG. 15 illustrates a HEPL embodiment according to the
invention comprising the arrester configured with a use of the insulating cap and the metal insulator
rod; FIG. 16 shows an arrester embodiment comprising a hollow component of the insulating body
and an additional electrode, both shaped as a loop; 4 FIGS. 17 and 18 are respectively a front view

and view f%‘?é&ﬁ'&?@;@ g%@%&&?ﬁh% embadiment with,fhe.intermediate elactrodes walded ingide an

insulation layer o piece; FIG. 19 illustrates a HEPL embodiment according to the
invention Usfivgla Gowtinotorfotatetitisicna Proterdive ihstiation by el BEST MODEFORICARRYING

OUT THE 1@5\4@'“%9@' o Wit referenge 10 FIGS,J 10,4, anarresieraeeqrding to.he ipyengion

comprises an‘elongated flat insulating body 1 made of a solid dielectric, for example, of polyethylene.
The first andrdigsbeondmaibodicsirvdesiz Baretragpedtively installed on both ends of the insulating

body I. Due to S%@fﬁ%@%@% botmainsleaiiades:ais mechanicaly eaupled o ne sulating

body. Inside the insulating body 1 m intermediate electrodes 4 are located. A minimal value of in

equals twoliwhitétan opiirmk ngGﬁ“tﬁ@im@ﬁ%@dia@é@mr%ﬁégﬁgkﬁélééf@d@éﬁéﬁ@i@@ﬂﬁtheir

particular copfigniation.  Risealeialee avamoliaasand RiheLronditions oL iel fundtipaing, The
[

arrester embodiment shown INFIGS. 1 to 4 comprises 5 intermediate electrodes 4 configured as
rectangulaaptatssnmatiilly displaced along the longitudinal axis of the arrester (this axis connects

main electrodes 2y;3). @b?&@@?%ﬁﬁi%aﬁ@? isformed betwean each pairof adiacentintermediate

electrodes 4, this gap determining a distance between the adjacent electrodes (measured along the
line connectiny ded atijdbennElEctibHes) IRedDIBIfIY HE FHUBHEOH tHe TBHYMsT th’eiiéﬁéﬁvééﬁ/er gap
shall not beless thap the minimal distaneeg hetwean.the elraradss 4 selected dengpding.on

particular conditions of the arresters functioning as will be described below, Each such sparkover gap
is located incaveidétrareasharApicovtibtbpdne s als Gt aToTse (Pistratiny-veay af 2 pleslbrotecting
high-voltage-ingtallations.or electric poyer lines,ong-etthe maipelgctiodes (facexampleqths first main

electrode 2) of the arrester directly or via a sparkover gap is connected to a high-voltage elgment of an
installation/p<f St Llectie B el For ExaMh B HIRE Lot o th SRR IFPERS ST o 4), so
as to he coppecipd jn paraliel with.ap.electrical slement {Q:-beRIRISF R JrLxamplewithansinsulator

(not shown in FIGS. 1 to 4). By its other, respectively the second main electrode 3 the arrester directly
or via a spaFkbier gRETIS LN HeEted ®HREGFRR]. (he B aPBveriBhdgeiipaise inpadisthe
arrester, a dispharge;deyelaps therein.fram thefisstmain electrode,2-fowards the gecond,main
electrode 3, causing sequential 9 _ o o
In case the live conductor of the electric power line according to the invention is
located inside a protective insulation layer, a segment of this conductor adjacent to an
insulator of the slectric power line and located between the main electrodes of the arrester
can be used as the additional electrede, while a corresponding segment of the protective
layer can be used as the hollow component of the insulating body. In this embodiment, the
first main electrode will be configured as an armored clamp arranged on said profective
msulation laver segment and electrically connected with an end of said conductor segment
(that is with the additional electrode). The second main electrode will be arranged on a
surface of the protective insulation layer (that is of the hollow component of the msulating
body) and eclectrically connected with the metal fasiening means for securing the
conductor. In this embodiment, the intermediate electrodes of the arrester are preferably
embedded inside a strip of an insulating material attached to the surface of said segment of
the protective insulation layer.
One of the preferred embodiments of the eleciric power line according to the
invention empioys an arrester embodimen: with the insulating body and the additional

electrode having circular cross-sections, wherein the additional electrode of the arrester is



breakdowns of the sparkover gaps between the ntermediate electrodes 4. This discharge, depending
on conditions of its development can he of different types, i.e. such as a streamer discharge, an
avalanche discharge or a leader discharge. With the aim to ensure better understanding of the
invention and specific implementations thereof, only;an embodiment of the invention employing the
streamer disgharge will be,gonsidersd belows GY&R thaual the dnventian isfilly, applicalledo pther
discharge types. In the process of its inception and development, a spark channel 6 expands with a
supersonictirslevityicasmlit Gadesisritsad! fnigetail Belowldf votamestos thbsspakldisehdfgecambers 5
formed between the infermediate glecirodes are made small enough, a development of the discharge
will result in creatihg a high pressure inside the chambers. Under the action of this pressure, the spark
discharge channels 6 formed between the intermediate electrodes will be driven towards the surface of
the insulating hodyfag-shewnsehematigallyink1&S. 1 and 3) and then will be ejected from the
chambers into the air around the arrester. Owing to such blow-out action which results in lengthening
the channels betwedrrehednéimediatereleetiodesae toraraleatidel yexistaneesr all channels will
increase. As a resul; atetal gesistance of the.auesterdiiself will alsg ineisase and: aRd IS villlimit the
lightning overvoltage impulse current. After termination of the lightning overvoltage impuise, a voltage
at an operatioHalifre§aericy will remain applied to the arrester. However, because the arrester has a
large electrical resigtance, fhe.dischargs.channg! wilbBreak intg, g pluralify; of elementary channels
between the intermediate electrodes, the discharge is quenched, being unable to support itself. In
order to attain a high qiienéeHitlefiettiveriess patafiaterd 6f HiErarrs St EcBBrIIAGY @M ention,
especially sughparameters 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 a zone of inception of the
discharge and thiékhedsibaofigie frgtlatiorsalgic Siampetsdieetetl ddpending on precalculated
characteristics of the; dischargs,(ip; paricular, andhe dischargsicuentand s siaennassoaswell as on
a precalculated discharge diameter.). As will be shown below, the discharge diameter can be
estimated WitHaiffiglsHtralEurscy BasiAy Gh rsgiafemepis to the arrester following from its purpose,
that is by the charagteristics.and Hse.coiditigng, ot amslementef.a-Righ-ugltage equipment or a HEIM
to be protected by the arrester. More specifically, when selecting, design parameters of the
arresters employed $or thé MERPDIFSECHBT RRSNEEE gary o takE FoanditstatisHbost#st
substantially. difigrentregimes, of fagir funcioning are pessible fengnding @r.whether-a lightping strike
in the vicinity of a high-voltage electric power line or directly at said power line. The first regime
correspond& 1o prEtedEHY e MEPIC R i RIGUEEOVEHBItBEE84E. from, the overvoltages which

develop when thehgDtping, stiikes A8 IBIthO LB iRRL Suahonerugltage is characterized by

relatively limited amplitudes, not exceeding 300 kV, and by a short duration §about 2t055s). The
current has an ampfitudd ot fEeORIEY oPA 88 KA SR L RBHERTERF ENgibtCatRHe Bufse front

is in a range@f Q:Li10:% SRS Wagshewd i-lakeratory experiments, in relation to this regime and
to the streamer-type discharge, an optimal length of the sparkover gap lies in a range of 0.1 to 2 mm.

The induced overViottaded drd GAHGER ARWRIP TG TRUAL Y S1HE ittt Voltage class, i.e. for 6 to
35 kV HEPLs, thejinducediovey yaltagasheing dhenain raasonieftghtaing outagesfenthesedines. A
direct lightning strokes (DLS) are rather rare events because of relatively small heights of the HEPL
supports. TH rE@br%, for protecting HEPL elements from the induced overvoltages, it is expedient to

use the arresters with g = QuliZ8M. distribiedaL? atia siedecstanding: jwelbgrewnded ehiget.can result
in a lightning current ranging up to more than 100 LA, with discharge duration of 50 to 1000 p.s and

with the current défivatives Qi aftASTATESHIM (P RAMBPIHE BILLS e S HEBIE i oituctor
can lead, inHaeanyd tavaltagssobupiodOsMyedowever the BlSabiheiRER e efimiddle voltage
class protected by the lightning arresters electrically connected in parallel to each insulator results in

actuating the arrestéts BhiEvErS SUPPUHSAHDR 2 ittt s hEtveRd the SUPBSHS (86 to 100

ml and to aselatively:tovkinsidationdavel of thegtectric line (100 to 300 kV). Therefore, the lightning
current branches between several sm:glp%%rts, with additional b[.anchi?%at the supports into three

components betwbEr ighthiig dretterd dsSBEARHTIASLENEE SUMENDSRALRY CRE AT IH ield
measurements;itheurrartdhraighuenefsuppaitidoss agl axceadn20d Askpitguekicurrent levels, it is
preferable to increqse, éo. 4}15 mm, the minimal distance g betwe?enYthe agjaqent electgodesf separated
by the discharge chamb8rsPHSrdRr 8 KB GE9EIBHMent BRESHYL ARG Earals $imed o a
molten metakofdhe:electrofésn addindiERLs otbighablthge-dass (2d0-220 kV), the distances
between the supports are in a range of 200 to 300 m, while the insulation level corresponds to
500-1000 kV. Therefore, in case of the DLS, shunting the lightning current is performed by the
arresters H of one or two supports, so that the current through one arrester does not exceed 40 Lk.
For this reason, the value of g in such HEPLs is preferably selected in a range of 5-10 mm. In
HEPLs of super high voltage class (330-750 kV), the distances between the supports reach 400 to 500

in, while the insulation level corresponds to 2000-3000 kV. Therefore, in case of the DLS, the arresters
nf the cinnale cirinnart or onlvy one arractar nof 2 nhace <triick by the linhtnina narticinatal<c) in chiintina



In view of the above data, when the arrester according to the invention is employed for protecting
elements of the HEIPLs of the middle voltage class, the minimal distance g between the adjacent
electrodes separated by the discharge chamber is preferably selected in a range of 0.1 to 5 mm.. In
case the arrester according to the invention is intendgd for protecting elements of the HERLSs of the

high or super highpreltage class, dhe.distangs,aiis.Preferallysalecieding fangs 045 mm-ieR0 mm.

An assessment of a cross-sectional area S of the discharge chambers and an insulation thickness h
may be magdingionvtHe RollstHGCErsistdrols welded Butifsatdutitier, BrH sttéarabiEchannel
for a dischatge.in air under normal conditions may be determined according to the formula proposed
by S. 1. Braginsky (cf. H}i{gh voltage techn%y)fs: Textbook for Universities Ed. C. S. Kuchinsky, St.

Petersburg, "Ener§éatohtiz88r25032 pHiga) /@rbadimeni pyeogiifheie EtinieSpidecBHas: didtis a

rate of a CULKRRLPIISE FiREd I @MPEres Al 38eeMd ion 1h2@. Table below comprises values of the
radius r" calculated according to the formula (1) for various, the most representative, values of di/di
and e. It may be noted that the channel radius r ,,. and, respectively, as diameter Dk = 2i" are functions
of time, whigh ameangtheyincrease witidtimerrThecaleulatggidata are arranged in order corresponding

to a gradual increase of the streamer channel radius. Table. Initial values and calculated results forty.
No.di/c/ PK. MM DV i@ s8em ifof LGS, 1 to 4, an arrester according 1o the mvention comprises an

elongated flat insulating body 1 made of a selid dielectric, for example, of polyethyiene.

!

The first and the second main elecirodes 2, 3 are respectively instalied on both ends of the
insulating bedy 1. Due ic such arrangement, both main electrodes are mechanically
coupled fo the insulating body. Inside the insulating body 1 m intermediate electrodes 4 are
jocated. A minimal value of m eguals two, while an optimal number of the intermediate
electrodes is selected depending on their particular configuration. a precalculated
overvoltage and other conditions of their functioning. The arvester embodiment shown in
FIGS. 1 to 4 comprises 5 intermediste electrodes 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 formed between each pair of adjacent intermediate
electrodes 4, this gap determining a distance between the adjacent elecfrodes {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 functioming 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 instaliations or electric power lines, one of the main
electrodes (for example, the first main electrode 2) of the arrester dwectly or via a
sparkover gap is connected to a high-voltage element of an installation or of an electric
power line, for example, t¢ a line conductor (not shown i FIGS. 1 to 4}, so as w0 be
connected in parallel with an electrical element to be protected, for example, with an
insulator (not shown in FIGS. 1 te 4), By ifs other, respectively the second main electrode
5 the arrester directly or via a sparkover gap Is connected to the ground.

When an overvoltage impulse impacts the arrester, a discharge develops therein

from the first main electrode 2 towards the second main electrode 2. causing sequential
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breakdowns of the sparkover gaps between the intermediate electrodes 4. This discharge,
depending on conditions of its development, can be of different types, ie. such as a
sireamer discharge, an avalanche discharge or a leader discharge. With the aim to ensure
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 mmvention is fully applicable to other discharge types. 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 5 formed
between the intermediate electrodes are made small enough, a development of the
discharge will result in creating a high pressure inside the chambers. Under the action of
this pressure, the spark discharge channels 6 formed between the intermediate electrodes
will be driven towards 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. Owin

7%

to such blow-out action which results in lengthening the channels between the intermediate
electrodes. a total electrical resistance of all channels will increase. As a result. a total
resistance of the arrester itself will also incresse and, and this will limit the highining
overvoltage impulse current. After termination of the lightning overveoltage impulss, a
voltage at an operational frequency will remain applied to the arrester. However, because
the arrester has a large electrical resistance, the discharge channe! will break into a
plurality of elementary channels between the intermediate electrodes, the discharge is
quenched, being unable to support itselfl

In order to attain a high quenching effectiveness, parameters of the arrester
according to the invention. especially 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 a zone of inception of the discharge and thickness b of the msulation layer,
shall be selected depending on precalculated characteristics of the discharge (in particular,
on the discharge current and its steepness, as well as on a precalculated discharge
diameter). As will be shown below, the discharge diameter can be estimated with sufficient
accuracy basing on requirements to the arrester following from its purpose, that is by the
characteristics and use conditions of an element of a high-voliage equipment or a HEPL to
be protected by the arrester.

More specifically, when seleciing design parameters 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 vicinity of a high-voltage electric power line or directly at said power line.

The first regime corresponds to protecting the HEPL from induced overvoltages.
i.e. from the overvoltages which develop when the lightning strikes in the vicinity of the
HEPL. Such overvoltage is characterized by relativelv limited amplitudes, not exceeding
300 kV. and by a short duration (about 2 to 5 ps). The current bas an amplitude of the
order of 1 to 2 kA, while the current derivative, di/dr, at the pulse front is in a tangs of 0.1
10 2 kAJ/us. As was shown in laboratorv experiments, in relation to this regime and 1o the
streamer-type discharge, an optimal length of the sparkover gap les in a range of 0.1 10 2
mm. The induced overvoltages are dangerous only for electric lines of the middle voltage
class, ie. for 6 1o 25 kV HEPLs, the induced overvoltages 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 overvoltages, it is expedient to use the arresters with g = (0.1-2
mi.

The DLS at a single-standing, well grounded object can result in a lightning current
ranging up to more than 100 kA, with discharge duration of 30 to 1000 ps and with the
current derivative, di/di, at the pulse front up to 20 kA/us. The DLS at 2 HEPL line
conductor can lead, in theory, to voltages of up to 10 MV, However, the DLS at the HEPL
of middle voltage class protected by the lightning arresiers electrically connected in
parallel to each insulator resulis in actuating the arresters on several supports, due to
limited distances between the supports {50 to 100 m) and to a relatively low insulation
level of the eleciric line (100 to 300 kV). Therefore, the lightning current branches
between several supports, with additional branching at the supports into three components
between lightning arresters associated with each of current phases. As found m freld
measurements, the current through one support does not exceed 20 kKA. For such current
levels, it is preferable to increase. to 4-5 mm, the minimal distance g between the adjacent
electrodes separated by the discharge chambers. in order to avoid development of
conducting channets formed from a molten metal of the electrodes.

In HEPLs of high voltage class (110-220 kV), the distances between the supports
are in a range of 200 to 300 m, while the insulation level corresponds to 500-1000 kV.

Therefore, in case of the DLS, shunting the lightning current is performed by the arresters
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of one or two supports, so that the current through one arrester does not exceed 40 KA. For
this reason, the vaiue of g in such HEPLs is preferably selected in a range of 5-1¢ mm.

In HEPLs of super high voltage class (330-750 kV), the distances between the
supports reach 400 1o 500 m, while the insulation level corresponds to 2000-3000 kV.
Therefore, in case of the LS, the arresters of the single support or only one arrester of a
phase struck by the lightning participate(s) in shunting the hghtning current. In such cases.
the current through one arrester can attain 60 to 100 kA. For the HEPLs of this type. the
value of g is preferably selected in a range of 10 to 20 mm.

in view of the above data. when the arrester according to the invention is employed
for protecting elements of the HEPLs of the middle voltage class, the minimal distance g
between the adjacent electrodes separated by the discharge chamber is preferably selected
in a range of 0.1 to 5 mm. In case the arrester according to the invention is intended for
protecting elements of the HEPLs of the high or super high voltage class, the distance g 18
preferably selected in a range of 5 mm to 20 mm.

An assessment of a cross-sectional area 5 of the discharge chambers and an
insulation thickness b may be made basing on the following considerations.

An estimated radivs r, of a streamer channel for a discharge in air under normal
conditions may be determined according to the formula proposed by 8. L. Braginsky (cf.
High voltage technigues: Textbook for Universities Ed. G. 8. Kuchinsky, St. Petersburg,

"Energoatomizdat”, 2003, p. 88}

[
TR TR
rL mti’m\” o, (1)
ar )
where 7 1s time, inn seconds, di/di is a rate of a current puise rise, in amperes per second.
The Table below comprises values of the radius r, calculated according to the
formula (1) for various, the most representative. vaiues of di/di and 1. It may be noted that
the channel radius r, and, respectively, its diameter D, = Zr, are functions of time. which
means they increase with time. The calculated data are arranged in order corresponding to
a gradual increase of the streamer channel radius.

Table. Initial values and calculated resuits for r.

, Keason for
No. L didt, KA/ES I, 18 Fo.tm | D, mm overvoltage

OCCUITeRCS
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Presented values for 7 correspond fo pulse front durations for the most
representative cases of the arrester employment: 1) for induced overvoltages {when &
lightning strikes in the vicinity of an electric line); 2) for repeated strokes in case of &
direct lightning stroke at a line conductor; 3) for a lightning stroke at the HEPL, with &
hack flashover of insulation (for example, of an insulator stack) following: 4) a direct
lightning stroke at the HEPL conductor. The di/dr 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 caleulating formulas or experimental
methods optimized for specific applications of the arrester and/or for particular
embodiments of the arrester according to the mvention (for example, for particular shapes
of the discharge chambers or particular designs of the intermediate electrodes). However,
as was confirmed by laboratory experiments, calculations based on formula (1) produce
acceptable results practically for all embodiments of the armrester in the scope of the
attached set of claims.

To guaraniee that an excessive pressure develops inside the discharge chamber in
the course of a discharge, certain conditions shall be met. These conditions will be
examined below in relation to an arrester embodiment with the intermediate electrodes
configured as piates and with the discharge chambers shaped as parallelepipeds (see FIG.
1). The streamer discharge originates between those points on the adjacent intermediate

i

electrodes, which 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 than the discharge chamber depth £, that is

D o>h=b+a, (2)
where b is the thickness of the insuiation laver: ¢ is the thickness of the electrode, then the
discharge starts to move along walls of the discharge chamber outside of the chamber,
which movement contributes to cooling and, therefore, to quenching of the discharge. It
follows that the minimal insufation thickness contributing to quenching is defined as

b=D —a, (3}
where ¢ is the electrode thickness. The larger is the insulation thickness b, the stronger
blowing will be generated in the process of the streamer channel expansion, and the more
intensive channel cooling and quenching will foliow. Therefore. to improve guenching
reliability, the value of b is preferably selected as exceeding the estimated chamme!
diameter [},

On the other side. increasing b values results in increasing gas pressure on the wails
of the discharge chambers, and this can lead 1o the arrester destruction. The optimai
insulation thickness b can be determuned. by calculations and/or experimentally, when
working out a specific arrester embodiment depending on its application and employed
materials. However, by taking the electrode thickness « to be approximately 1 mm, 1t 1s
possible. by using formula (3} and the data from the Table, to determine that this thickness
b les in the range from | mm to approximately 35-40 mm.

An estimated area of a streamer channel longitudinal section corresponds to [ - g

In case the discharge chamber width is less than 7, 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 streamer discharge will cover the whole cross-
sectional area S of the discharge chamber. As a resulr, the streamer channel will be blown
out outside of the discharge chamber which will lead to accelerated quenching.

By inserting in (4) appropriate values of the diameter D = Zr.. where values of the
streamer channel radius 7. are taken form the Table {r, = 0.5-18 mm and g = §.1 10 20
mm), concrete vaiues and possibie ranges for cross-sectional areas of the discharge

chambers may be easily determined:
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S<2r -g=2(05+18}-(01+20)=01+720 =01 +700mm? (5)

In some respects, a spark discharge quenching mechanism is similar to that for the
arc discharge inside the tubular arrester described in the BACKGROUND ART portion
above, but there exists an importani difference consisting in that the arc (having 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 formed in
the course of a thermal destruction are blown out outside the discharge channel. In the
arrester according to the invention, the spark discharge quenching takes place immediately
on termination of the lightning overvoltage impuise, the average duration of this mmpuise
being of the order of 50 ps, that iz about three orders of magnitude iess than the duration of
the arc burning. Moreover, the streamer channe! temperature does not exceed 5.000 °C. so
it is about four times less than the arc temperature. Owing to these two factors, there 15 no
erosion of the arrester according to the invention even after a number of actuations thereof.

The following variants of the arrester applications are relevant for a practical use:

[}V for protection of the HEPLs of middle voltage class (MV) 6-35 kV from the

induced overvoltages (see the Table, lines 1 and 2):

2
R

for protection of the HEPLs of high voltage class (EV) 110-220 kV and super high
voltage class (SHV) 330-7500 kV from the reverse fiashovers In cases a lightming
protection wire rope is used (see the Table, Iines 5 and 6):

3} for protection of HEPLs of high voltage class 110-220 kV and super high voltage
class (SHV) 330-7300 &V from the direct iightning strokes at the transmission line
conductor (ses the Table, lines 3. 4 and 7, 8 and from the back flashovers (see the
Table, lines 5 and 6) in cases the lightning protection wire 1s not used.

When designing the arresters, the heaviest conditions of their use in the HEPLs of a
certain class, that is the largest values of the rates of current pulse rise, di/dr. and tme 7
shall be taken into account. Thus, when designing the arrester for protecting the 6-35 kV
HEPL from the induced overvoliages, data presented in iine 2 of the Table (r = 2 ps and r,
= 1,8 mm respectively) shall be used in calcuiations. Further, according to the mvention,
the thickness b of the insulation laver preferably shall be made larger than the channel
diameter [, at the moment the voltage is at its maximum, for example.
b= Dp=72r.=218=36 mm. The cross-sectional area of the discharge chamber &

. . B . - I
according to the invention shall be selected as S <D -g=2-3.0=72 mm". For example,
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the discharge chamber with the circular cross-section shall have a diameter
s 472
A M .
d< j—= [—il=3 mm.

Vo N 34

Experimental studies have shown that in embodiments for applications according
to variant 1, that is for protecting the 10 kV HEPL and the 20 kV HEPL from the induced
overvoltages, the following arrester parameters can be selected, respectively: a number of
the discharge chambers m = 50; ¢ = 2 mm; b =4 mum; = 3 mm; S = 7 mm” (embodiment
Dandm=150 g=3mm b =4 mm; d =3 mm: 5 =7 mm” (embodiment 23.

It shall be further noted that in the arrester according to the invention limitations
exist ondy in relation to the minimal distance between the adjacent electrodes separated by
the discharge chamber, on minimal insulation thickness, and on maximal cross-sectional
area of the discharge chamber, Therefore, the arrester design can be optimized for
particular variants of its use, by varying the above-indicated parameters, as well as shape
of the discharge chambers in a sufficientiv wide range.

FIGS. 5, 6 illustrate an arrester embodiment having a cviindrical insulating boedy 1
and discharge chambers 5 extending from intermediaie electrodes 4 to an upper surface
and to a lower surtace of the msulating body 1. Thus, the discharge chambers 5 are
configured as through openings formed in the insulating body 1 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 n FIG.

y or some other form, The embodiment shown in FIGS. 5, 6 is casier to manufacture than
the embodiment shown in FIGS. T to 4 because it permits to use. in the manufacturing
process, highly efficient hydroabrasive cutting of employed materials, which cutiing
ensures fast and accurate forming the through openings.

In the through discharge chambers (open to both surfaces of the insulating body) a
pressure developing in the chamber when the discharge channel expands 15 lower than n
the chambers shaped as cavities (opening only 10 one surface of the wsulating body): for
that reason, & discharge channel velocity and. thersfore, guenching efficiency in such
chambers is not so high as in the chambers of the other type. However, they have a better
functional 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 gquenching efficiency, but their electrodynamic strength (that is capability to

withstand large currents, for exampie, in case of a DLS at a line) 1s hugher. For that reason,



to pulse front durationsforthemost representative cases of the arrester employment: 1) for induced
overvoltages (when a Lightning strikes in the vicinity of an electric line); 2) for repeated strokes in case
ofa lightning stroke at a line conductor; 3) for a lightning stroke at the FrEpL, with a back flashover
of insulation (for example, of art insulator stack) follqwing; 4) a direct lightning stroke at the .1-1EPL
conductor. The dith values presented i ine, Fable also corcspondio the above-idenified cases.
Obviously, whe esﬁmatlng raﬂiusy(%lameter3 of the channel fof the sfPearhe‘r’(fior an%?her(%ype[}
discharge, itisndogsibie fohuseifereht calouldtintpformiatascoriexparideental raethicgis: optimized for
specific ap Ig:%t&rés cg& thig arrester and/or JI%E (?artircularnembodig?gnts.of the arrester according to the

. . % L manulactirmge e i oY aiid c0sis Co crallons, . .
invention (for example, for paTr]tlcu ar shiapes o e ischarge chambers of particular designs of the

intermediate electrddes).. Halleisrcas: wassconfinhedt ihyriabotiatbryiexgernngantsy datcalationszbased

on formula 1), Eodyce a%:ebotlable. results gvraciic%lly for. all empodik[nen.ts of the arrester inthe scope
cxible S witlt Dulgesin zoscs hel? the’discharges chambers 5 o el 1S fhptate plile
of the attached seét of ‘claims. 0 guarantee that an excéessive préssure develops inside the

discharge charaegihdibie courdevofattischangedertaincoanditions shahrhe metrTiHeseseanditions will

be examined bgflt w.in éelatlogrhtg an arrester embgdlm nt Wﬁt&thﬁllntermedlate elec rodeesé Ic%gflgured

Uraphile washers, s € NBOdITRENL 18 Characlerize Y € MQsi econamical s i
as plates and'w the Ischarge chambers shapeé’ as para eplpec}s%see Fi&’ f) he streamer

discharge origiliteshetveeatitosespdintsronuthie atjacentlinteymediate ielectiodes pudvichigdrrespond

to a maximal field stren?g@jln the.em og_l{ment o(]i FIG. 1. such,;gglg%%_%pl 1cide wit corner of the
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intermediate electrodes en the streamer aevelops, a disc arge channel expanas radia nyI’OI'n Iits

axis at a supersoniciyelocityictf avbtredinedichiarmgel dismiete pbacomdbdargérthahttreidisthange
chamber d%BHg,_h’ that is

FIGSE. 9, 10 iiustrate an arrester embodiment with a flat insulating body | and with
an additional electrode 7. The first main electrode 2 is 1o be connected to an element of a
high-voltage electric power line, for example, to a line conductor to which a high voltage
potential is applied: the second mamn electrode 3 is to be connected to the ground having
zero potential. In this embodiment, as a supplement to the discharge chambers 5 between
the intermediate clectrodes 4, additional discharge chambers are formed between each of
the main electrodes 2, 3 and the intermediate electrode 4 adjacent thereto. The additional
discharge chambers can be configured similar to the discharge chambers between the
intermediate elecirodes. However, in some embodiments of the arrester according to the
invention, parameters of such additional discharge chambers can be modified considering
that the discharge channel length n these chambers can exceed a length of a similar
channel i the remaining discharge chambers.

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
electrodes 2 and 3 1s also applied between the first main electrode 2 and the additional
electrode 7. A width of the flat insulating body 1 is selected such that electrical strength
along the shortest distances between the electrodes 2 and 7 on the upper and lower surfaces
of the flat insulating body are higher than between the main electrodes 2 and 3. Insulating
features of a material used for producing the insulating body 1 and thickness thereof shall
be selecied in such 2 way that an electrical strength along said distances was higher than
flashover voltage between the main electrodes 2 and 3 of the arrester. This is a necessary

condition for ensuring that in case of the overvoliage the discharge will develop from the



D,> h = b+ a,(2) where b is the thickness of the insulation layer; a is the mckness of the electrode,
then the discharge starts to move along walls of the discharge chamber outside of the chamber" which
movement contributes to cooling and, therefore, to quenching of the discharge. It follows that the

minimal insulation thickness contributing to quenching is defined as b D -(3) where a is
the electrode. thrckQ%E . he Jar%ler is the insulation thickness 5, the stronger, blow f@g wil| be,generated
in the process "of the Streamer ¢ r%'lrexpang n, anaf?ﬁe more intensive channe coolrng and

quenchrngm&rﬁdllmﬂ hérefoxe, to. inmsteade quehdmﬁﬂrg tefialsitity haeaiuectidy islpreferabliiselected
as exceedrr(r}%Ith Lr;ré%{ed hfln@el dlarEeter Tl(i ence %he other. si “ﬁ Jncreasing b values results in
increasing gas pressure on the wails of the algcﬁarge chambers, and this can lead to the arrester
destructiorer e mptimal thsulationdhicknessbdande deteminethdoy: calouiatigrsahd/or limit
experimentally, When workin out a arrester embodim in lon and
employed {rﬁatgrlﬁgo G‘V\/el[(veg tal?r))\g tLgeele?fro ea%hE:%(%e§e&§%6%eQagSE%(§<lm@glgg#mm9t IS
possible, Uivc.sbmgrf@nhagas(&)mméiatheddarélfatcmfeme@ablﬁl{féldetenm”ﬁé that this thickness S lies in the
range from. 1 mm.to.appr ximatel 3:5 -4 n esi;r t d ea of sireamer eh&gg gr%grtudlnal
section correspon to Dmo n caée e |sc?:argze&(§ham gr%vrﬂ% i ﬁ@ss thaneE,eA SO tﬁat S<D, g(4)
the streamerewitiispan tﬁé\wrﬁblerdrsuhgng@thambhngvrmh lﬁe$orelwsr ditmietee villl teacivihesestimated
value D. in, other Words th re%merd chg ll,c W 0s gqctron l@r a %tthe
discharge clﬁgrr%jgma se’aecr'eigélt thgﬂstr(lg,%“m%grgcﬁrﬁfrgfjﬁe% ﬁl%z\e%blgvf/ﬂr? %t o%}[srgde of%r |sc%arge
chamber whichwilkiledditecacoblerdtstgirenthing 4 anBhdnzestirngdre(@)apsropriate Vallesof the

diameter DgEATAINeIE alAS.olhe seamershannghiadiun, ate aken ol TaRIRLC = 0.5-18

mm and g-= % mm). concrete values an possI le range Or Cross- sectronafare s of the
discharge @ﬁr@mbe@rmaylbgj easipdeteimineeiict4 voltage Us; will be applied to the capacitance

1 and so to the sparkover gap between the first main elecirode 2 and the adjacent
intermediate electrode 4. U; value may be determined. in relative units, according to the

formula:

C
Co
Diue to refatively large dimensions of a surface area oun the intermediate electrode 4

L]

facing the additional electrode 7. as well as to that dielectric permittivity & of a solid
dielectric is substantially higher than air dielectric permittivity gy (usually €/gg & 2+3), the
capacitance between the intermediate electrode 4 and the additional electrode 7 (that is the
capacitance between this intermediate electrode and the ground) is substantially higher
than the capacitance between this electrode and the main electrode 20 Co> € and,
respectively, Cy/Co < 1.
When C/Cq value lies in the range C/Cy= 0.1+1, the voltage U, lies in the range
= (0,50+0.91)U. Therefore. when the arrester is impacted by the voltage U, the main
part (at least, more than a half) of this voltage will be applied to the first sparkover gap
between the electrodes 2 and 4. Under the impact of this voltage. U, said gap breaks
down, so that the intermediate elecirode 4 closest to the main electrode 2 acquires the same
potential as the main elecirode 2, while the next intermediate elecirode. adiacent to the first
intermediate electrode, acquires the potential Uy Then a phvsical picture of a sparkover

gap breakdown repeats itself. In this way. a cascade (that is. sequential) flashover of the



S2.g=2051S) (0,1-i-20)=0,1+7207,, 0,1 700mm2(5) In some respects, a spark discharge
guenching mechanism is similar to that for the arc discharge inside the tubular arrester described in
the BACKGROUND ART portion above, but there exists an important difference consisting in that the
arc (having a temperature of about 20,000 C) burns inside the tubular arrester for a relatively long time
(up to 10 msé uchearc ur%%e%% aégugf ihe as, %(aneratﬁ1 gualal)r aa{s':,g ase ngqgnl%d in fhe
course of &tRermal destiiction are]bfown UL outSide the dist arg annel’ in the arrester a according
to the |nveBaoam@tzh@ﬁpﬁmkcdmhargﬁmbmgfmﬂmmf@e wménffw%eiywn stetminaticmedf kwe lightning
overvoltagF nggulse he aver age dur tlon of this impulse being of the order of 50 ts, that is about
lasitver Yo taa%e 1 cLJLlV 1< &IITB et as a,whole iﬂ
three orders'of magnitu fesSTian the duration of the arc burnlng oreover, the streamer channel
temperature does 0t éxddeciz006E aawsteis cabioutifour: times tless:tvéaiithetert témperaturez Owing to
these two fa ors th re IS no Cgsmn of the rester accoBdlng 1to fhf mventlgn even after a ngmber of
unde ﬂnb?
actuatlonsctﬁereoif % owing frants of the arres er app1cat|ons are relevant for a practical use:
11 for protéection of theddER Lscafpniddle mnltasgexdhazssc(MM)*@JBSHerr@mntdne‘@ndd@édmdermftages
(see the Tagaff lin and 2); ]g)ér t}%ectlon of HEPLSs of h| }/{Jntagle class (EO}]Q Jflo %20 kV and

10118, 6 GC'C OW CO 01163 SUL&Tg
super Mg: v ge class 168 E% rom e rever]% ﬁas oVers in caseés a rghtnlng protection

wire rope ishased {see thadeabléHies suaddi6)p8)fonprotection ofHEPtgofihiglvi/titageselass
110-220 kV and super hi high, voltage, cl SSF;SI %ﬁ% 500 kV. fr om the direct Ii%htinlnghstqu@g at the

OTHNCC 1 :1131€ COTjU O‘v"" ail &an
transmission line conductbf tsee aIb fines “And front the back flashovers (see the

Table, I|nes&wnét@emmdsesdﬁ@hghtﬁmg%@@@ommfa |§0mmt~‘uzse@ha tiwhkemidesigpimgitheiarresters,
the heaviest con |tion of their use in the FIEPL %f c%rtalp assgdth I Ial;g &Qf the
rates of cufrent f ptjlse rlge éf%%g%n%f‘omeghaaﬁp[?g taien into acc%qunlf %ﬁhéég\% 1en eés%%#gg the
arrester fofipraiectingdhich6-88kivr HERE from theviaddced: byvenroitagesh datapresermded MdiRe 2 of the
Table (t = %] IS nd rA. - 1,8 mm respectively) shall be used in calculations. Further,, according to the
invention, the thickness b of the insulation layer preferably shall be made larger than the channel

diameter Dk at thEiorhérnitlihestoltaye ismsits makiodimeforelantiplenempliac2elec 2008 =3,6 mm.
The Cross'%%ﬁ&ﬂ? la o%atf Ofts ?rgl QQ@ rggsgmg %gf % surface of the holiow component of the

elongated insulating body 1, wherein the additional etectrode 7 (connected with the second
main electrode 3} is located inside the holiow component. Such arrangement makes it
possible to supply the arrester with a larger number of the intermediate electrodes 4 than in
the previous embodiment shown in FIG. 13, and, in this way. to improve further the arc
gquenching ability of the arrester. According to this embodiment (and also to other
embodiments to be described below), both the hollow component and the additional
electrode preferably have a circular cross-section, at least, in the zone of location of the
intermediate electrodes. Such cross-section simplifies a uniform distribution of the
intermediate electrodes 4 over the surface of the insulating body 1 and makes 1t possible t©
use the same thickness of the insulation layer in any of radial directions.

FiG. 15 shows a HEPL embodiment according to the invention comprising the
arrester that is supplied with an insulating cap and a metal rod of the type used in
insulators. This arrester embodiment is similar to the embodiments shown in FIGS. 13 and
14, but differs from them in that, instead of the sparkover gap 10, an msulator 12 of the
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 secured. The insulating body 1 of the
arrester functions also as a polymer insulation of the cap of the kind usually emploved

when installing the HEPL insulator on the rod. Same as in the embodiment shown in FIGE.



15 the discharge chamber with the circular cross-section shall have a diameter , = mm. 3.14
Experimental studies have shown that in embodiments for applications according to variant 1, that is
for protecting the 10 kV HEPL and the 20 k'Y' HEPL, from the induced overvoltages, the following
arrester parameters can be selected, respectively: g humber of the discharge chambers in = 50; g = 2
mm, 5=4 mm; d = ; S =7 min2 (embodime 14{an in=150;g=3mm; h=4 , d=3 mm;
27 rom? (BBl B) R D S BEPHHoP WEHEE LR 5 S el BBEAPS B Wention
limitations xist orl\cinctglationdo dhaionininal distante hetweenthe adiacertselecirodas:separated by
the discharge chamber, on mir%limal insulation thickness, and _gn‘maxima}lqcross-sectional area of the
discharge E%T’éﬁ‘ﬁ ‘r.“'ﬁ%gé?gf?é, ?h%aigf’réjéféglﬁ%f’si %iélé?{lﬁg%%ﬁr?ﬁ%%ao fi&& particular variants of its use,
by varying the above-indichted pasarnriers castiwellas shapesofthe discHarpe, chainbensinia
sufficiently. wide. range. FIGS. 5, 6 illustrate an arrester embodiment having a cylindrical insulating
pody and dIECHUGE S AHBAISTS ARteAtHI O TP E1dth o A 18 s URBer SSITAES and 10 a
lower surfaggiofthe insufating:bedyidchis Jtheldischarigeehiamberscbiaré configired as thsough
openings fgrmed in Qe.insyla%?aq bopg 1 Ig) d%teli[ﬁ;ine air dischar §rg;t sq,‘betwt en the intermediate
electrodes % ' RE M4 S BLHEH BF the dig ﬁ%rg‘e chamber Far Have géfah%u S Yorm &@sﬁ%wn in
FIGS. 1 todbsaaisircularvorm (as shown in FIG. 6) or some other form. The embodiment shown in
FIGS. 5,6 s easigr to mar upfaﬁ:ture tha %Q(g embodiment Yshgwrﬂyin WEIQ%_.qupﬁffb%cauge it permits to
use. in the manuf gﬂ?r‘fﬁ% }F’oge%%?rﬁiggﬂ y eeffﬁ:rilgﬁ}eﬁf&fé%rb?aﬁ%ﬂgﬁﬁiH‘g 0 émpfigyeei}ﬁnmgfé?%"s, which
cutting enshiesfastcandadeurate fermingsthe thrdighopeningscosts. In the through discharge

chambers (opefi t}g:{%gt{wéss rfaces of the insulati hg%qe/ri)n%l@@sstuge d%\ﬁeelggm in the chamber when

. QW3 the arrester embogit . 111 0 AL 8EIH 0.8 1000
the discharge channel expand% ISIBWEr thah in the chambers s ape& gsCavitied opening only to One

surface of thehinsulatiagdrodly); kasthepeaasort, a(dis¢harge channelvelbEiytandihenetane | §uenching

efficiency in such,chan s is,nat so.high as in the chambers of the other type. However, they have a
pettor fnchr T R S o ety of e sRaTs AR e s e e 1o an
excessive presstue dhishappligoalso todheslit-shapead thipbers Theydravetaddwet qliendhing

%téogynamic s%g@g)th (that is capability to withstand large currents, for example,

efficiency, (l(J;u thegg eJJT] y!
in ease of 4 DL'S at'd Ine) is hilgﬁé’r'.' or that reason,

The LFAL consists of a metal rod bent to form o loop and covered with an
insulation laver 11 formed of high-pressure polvethviene. The ends of the msulated loop
are fixed in a fasteming clamp by which the LFAL is coupled to a rod of an insulator
installed at a HEPL's suppert (not shown). A metal tube surrounding the insujation layer 1s
placed in the middie part of the loop and is connected 1o & line conductor via a sparkover
air gap.

The arrester's functioning is based on emploving a creeping discharge effect, which
effect ensures a large length of an impulse flashover across the surface of the arrester and
thereby prevents a transformation of the impulse flashover mio the power arc of the
operational frequency.

When an induced lightning impulse is formed in the line conductor, the sparkover
air gap between the conductor and the metal tube of the arrester will break down. so that a
voltage will be applhied to the insulation betweern the metal tube and the metal rod forming
the loop. the rod being at the same potential as the HEPL support,

Due to the applied impulse voltage, a creeping discharge will develop along the
surface of the loop insulation from the metal tube (that is from the first main electrods 2)
to the arrester clamp (to the second main electrode 3) via one or both ends of the loop

arms. Owing to the creeping discharge effect. the arrester's volt-second characteristic 1s



Jo a proper selection of a type and shape of the discharge chambers shall depend on an intended use
of the arrester (for example, for protection from induced overvoltages or from the DLS ) and on
manufacturing technology and costs considerations. FIGS. 7, 8 illustrate an arrester embodiment
with the insulating body | shaved as a flexible strip wjth bulges in zones where the discharge chambers
5 open to 3 surface of the insulating.body, 4.and with fhe nicymediate glectiades 4configuredas
circular metai or grapnhite washers. This'embo iment s characterized y the most economicat use of
an insulatingsmatksia emplayedtfer rddueindthéoimsutatinnglivogyskttndeedoitisen dice ssanyite.ensure a
required insulatiorMpig:kE@lelss bd ;}erlm% ing a Csiz_lt;:-e](%f thﬁ%@kﬁ{g&&h%mgerx%go(p&gfls axis _gnl in
zones where the dl‘séeharge’e Chamber pélrlls*to the Surface of the msurfatfhg %O(ﬁf eﬁlé‘g 3 10
illustrate amaniesterenibodimentwitha flat Inshlatingbodythandwithiandaddiionalkietbetididel7. The
first main e(l}egtg%daeg irs %g e connected to an element of a high-voltage electric power line, for
example, 18 Bire }co%o?ucﬁ)r%b which a high. voltage potential is applied; the second main electrode 3

is to be connecteditbctheigrdunghavinge2ero poténtiation this:efnbaeditnentpasia suppiementoto the

discharge chambers 5 between the intermediate electrodes 4, additional discharge chambers are
formed betweer qe”agﬁnc?h e m%cl'hoé%(l:‘f?r%edglg 5?%’%%8%% ?%Pé?%&%%ﬁéggg ef%f %%1 Jgée@nlet teereto,
The additioival distkargel chambkxsrodashie tenfigeredsimilassdhectisohdhgerchanersisetiveen the
intermediate gleciindes. HoweYer Insome empdiments of the atiaster, accarding to fhe inygntion.
parameters of suc Additionar Ischarge chambers can be modified consi ering that the élscharge
channel lengtttindthdsetbhamibers damiexceedtas|emgthofresinital chameebin e remailvimgedischarge
chambers.,..., The addiional clestiode 1,s:elscirically conneetacija fhe second majp.glegiade 8 and
so it also has'a zero potential. Therefore, a high voltage applied between the main electrodes 2 and 3
is also apptiedetwwern thefiddemain dlectroddid ianidlthe addit cnal afebl dde v Awidtmofithe flat
insulating bq}t;l)ymlt%se er!%\qeaq‘ r%gch that electrical strength along the shortest distances between the
electrodes 2'and 7 oni t € upper and lower surfaces of the flat insulating body are higher than between

the main electrodés 2ands3:-insutatingfeaturedisf a hatedaliusédifor prodatingctmeimsulatihg body 1

and thicm?ﬁf&ﬁﬁ{% [ ahall heselediad in SUCh-AWAY that gﬁ!%%é%ﬁb%&rﬁ'l%‘%'%& So%ﬁy@é%tances
r than rlas

was highe over voltage between the main électrodes 2 and 3 of the arréster. This is a
necessary Genulittomfdraen siadig dhatdiey chsecofaHevoereditage thie disuhargeowillideibelopg frbm the 17
main electrg via the.sparko! between.the intermediate electrodes 4 fo.th cond.main
electrode ?i,%%t%erél 0 %ﬁ?gﬁ%ﬁy"b@ﬁ%%?{ﬁe% Erﬁlriwgai?\ﬁ]aeI}é'?:'t};[t%éle' Zf% grl%} tt%ga%crﬁtgib’n%l e (ec?t% ev. %wing to a
presence cﬁimfe‘ﬁdfduﬁfomtimemrm,Bthtbfap@@t@r@ﬁb@mm@ﬁs%%ﬁﬁra@t@rl'@é@lffbﬁ fswmeflashover
voltages, so gk {khacames pessible (o i fheoveryaliage o auiis aouk vk Hagnay ey

additional electrode influences the flashover voltages is explained with a reference to FIGS. 11 and 12.
FIG. 11 shbigba frageiepnetatbasiedirpisit didgkanhof the e swr emisedirperesresentdddberIG. 9,
the fragmept including the first main electrode 2, the adjacent intermediate electrode 4 and the
additional electrode 7. Capacitances Cl and Co exist respectively between the electrodes 2 and 4 and
between the electfoties 4 afek'7. 1 Thédestapacitaricessare eommdttadinsedescdvisiein, auridblcan
impact of the. oyeryaltage. impulse, when.a vollage, 1 11Js.aeplied.tg the arester, ayoltage.bilwill be
applied to the capacitance Cl and so to the sparkover gap between the first main electrode 2 and. the
adjacent inteéfédiated eletttaidenaisUnedhl idpnay Bcdeerminedatintetatve tiis &680rdig t5the
formula: _ndRY% t0:telavely drtge dituensionsaf a suiface Argman e ismmediatacelpaliod 4 facing
the additional electrode 7, as well as to that dielectric permittivity a of a solid dielectric is substantially
higher tharisitediglise wicsahifttivryedooudivally Sle@oireieh Inliseréeisacitaribe batidbpr thwlid
intermediaig glegtrade 4 i@Q%Iéﬂ@daﬂqgil&%‘1&'@05599&%&%?@%&aﬁ%t%ﬁﬁﬁﬁ}’}@ﬁ&mlﬁzer _
intermediate electrode and the ground) is substantially higher than the capacitance between this
electrode ddtpsankitnepetvte 2 esvey.dhe }?@é@é&ﬂ%@w’@fﬁ@@ef@ s TQuRed G(redvalue
lies in the range. GUCQ~ .14k, the voliage Ul.ligs.intherange Ui 20a8;0.81Und hergfse.when

the arrester is impacted by the voltage U. the main part (at least, more than a half) of this voltage will
be applied & H s EAFAXKN S ap SetivaEr fhe SlBRirBHes DssRMreas UHHBPIHe InfFadt of iRt voltage.
U1, said gapbrgaks; down. se;ithat the intermadiate electrodgd.closaside thenmainielestiode,2
acquires the same potential as the main electrode 2, while the next intermediate electrode, agjacent to
the first int€ARRBRATE Bldbf dUE BEq RS TR Stehtial Uy cTHaN B BRYEREI Brolifd dierEpsafkaver gap

breakdowmrepeats itselfindhis wavagascade.(thatdss sequentiaflashovenohthe will have a



I8 gaps between the intermediate electrodes develops, with a spark discharge being formed. Because
of the cascade character of the discharge gaps breakdowns, the required low flashover voltage of the
activation of the arrester as a whole is ensured. FIG. 13 illustrates the arrester embodiment with
the insulating body 1 shaped as a cylinder with a rounded upper end. The insulating body | of this
embodiment comprises a hollowcylindrical, component and a.solid component having e soyinded
end. The additional electrode 7 lofated nside the holiow componeh‘t’o%f e Insulati dibo&y 'ls also
shaped assdclilingderoaithethiesrolihdediupper endlifle. first aniain electroden2 eftherargestentis!
connected i & nc.cqnduetor,9.ofthe HEFL s sparkover air aap 10: In sase afthe ovenypltage on
the conduc or1§i, a flashover |n|t|a?y orms across the sparkover gap fé as a result, a high voFTtage
becomes applieditd thé! firsbmainsetetiradel2. £ongeguentifadctichinghofdhierantedtewisthe!§ame as
was descriped above with the reference (0 £1G9, g 4y, . FIG, 14 lustrates the anester epbodiment
with the intetmediate electrodes arrange a(foﬁg a spiral line passing near a surface o %he’ follow
componentiaf theretengated:ipsatiitingdody idwhereimthe aidditiomalélectrodedir(comhectediwith the
second malp, glecirads 3)is located, N5idf the hollow cemponent. Sych aanaemeni maket possible
to supply the arrester with a larger number of the intermediate electrodes 4 thah in the previous
embodimedtsshown ihaBIG1s1 3;iend;insthisuival o dmnpreve: fdsthevahe @rcrgeeeching ability:.of the
arrester. Acgording,lo ihis embodiment (and alsa to.oifier embodiments fo.e deseribed. belgw): both
the hollow component and the additional electrode pre e?ébly ave a circular cross-section, at least, in
the zone offoratignestthednermediate:elevtrodest Buchorodkesectibhesitnplifiescadmiforens distribution
of the intermediate. electr. 4 r the.syrface of.the insulati dy,1. and makes jt possible to use
the same R R A e S R R B T e et
embodiment accarding o theimnyEhtionzoomprising thdlarmstercthatdsistipplied:withrandingulating cap
and a metal rod of the t Jn insulatars, This ar iment is_simi 3 odiments
shown in ﬁ%%%i% gatj‘n% Xl%?dt%}gﬁgﬁ%éggf%r?{ %C}ngllr%lt éﬁt‘%}éé tgegfhﬁé%%%gsc}élo%}ég%g%tg% %l;%fal(hsulator
12 of the HEPEIds nsediliiheisyimihisehbodinherttivs axiditionabshecteld e of theparfester fanctions
also as the;rod to which the HEPL insulatoy | red.,.The insulating -hody; n{ e arrester functions
also as a p%ﬁ%gﬁlg F%\%ﬁ a?%?lneoﬁﬁicgg#gfg %%%ﬁ%?g aﬁg/ § ?n%ﬁ%ﬁ?e%&\%ﬁ@nﬁ%fg Yit%“%’eglg{g%stuinsulator
on the rod ESamezhgriecthwienhbodigiént shown in FIGS. 13 and 14, both the hollow component of the
insulating body andihe additignal eleelipde have feeircuiar cies:Raclons,ho SRy, o
manufacturing the arrester, its first main electrode 2 can have‘the same design as the intermediate
electrodes#tester [pngastnéthepienottage onthemtinaicondittor 9 ofubioRIEPINaddischarge 13
initally develons.aianang:arriace ol hiesulatan e, 2o s a,iRvaltape becames anpliad fo the
first main electrode 2. This'is followed by cascade flashovers of the gaps between the intermediate
electrodes % Fhis; thwatrestedfapotigrsimtheisanteupaipadadescfibetiasoveh the Becalusetthe
elements qf,the arresterpeeorm fungtions,of FIERL fastening, means fhis, smbadiment iss g
characterized by a small size and low costs: FIG. 1.6 shows the arrester embodiment of FIGS. 7,
8 installed @tilaf arfhcofcadoRgriiishiopsratre stethefarioty eypeodBaL)o(ckIRbsSian pateriiNg.

2096882, NOVEBEL 7, 908 HQIFA0. AN 2150 e BodROTkin bV Slyasy, Mpdermightring

protection of overhead distribution power lines with long-spark lightning arresters rated for 6, 10 kV,
"Electro”, 20067 Ne- W eph 364 er © The (MRLERSEE oTia Hetar reentsitta forns el dooh and
covered W'EBIQHIé'%b%“@%ﬂﬂ%é/lﬁ{e%%ﬁ{gﬂ?@fofm%iv@r&é%&aR-BB’%EM%‘IE%%'&%%’]%%H%W%'ated

loop are fixed in a fastening clamp by which the UAL is coupled to a rod of an insulator installed at a
HEPL's support{@#idosab Wi rofsetal tabdsursistiiing e sHaulafioiitayshiid: plagetiprthedmiéddle pan

of the loop and.iconnggied:1,a - line GORAMEIAr Vi &3Pk VeL AL gRvound kRGATTESIEERfYRCtioning
is based on employing a creeping dlschare%gaeffect, which effect ensures a large length of an impulse

flashover atirés BFESEHTECEBIAHE RIFESt T Calidlserapy BrEV Bt S d tr ariTB st O e tHe Srptiise
flashover into theRowear.arg fthe RRerational freQUeRnEYs body of the arrester,
When an overvoltage is applied to the conductor 9. a flashover first takes place
across the insulator 12, so that the fastening means together with the second main electrode
3 will have the ground (that is zero) potential, while the conductor 9 and, respectively, the

armored clamp (the first main electrode 2% will be under the overvoltage poteniial. This
I , ge



When an induced lightning impulse i.s formed in the line conductor, the sparkover air gap between the
conductor and the metal tube of the arrester will break down, so that a voltage will be applied to the
insulation between the metal tube and the metal rod forming the loop, the rod being at the same
potential as the HEPL support. Due to the appligd impulse voltage, a creeping discharge will
develop along the surface 9‘1{ th IQQ insulation from the me tJal,;tu%Pe that is front ;%a,first main.
clocttods 21 A BS et Ao e St b Bt S T Ghe SR ot g Re foop
arms. Owindetartheidréepiag dischangdeeffedt, tHeharestens maltisecorcharamctatisticis @6docated
under a similar,chagacieristic of e insulalar, so tat. ynderhe ghtning,

\ overvgaltaqe cond'ticgn, the
Ween Het maii f]-ect 3 ang 1o lnte Neiaie
flashover develops across the arreste 0 § u

not over the insulator. After the impu serﬁg% ning current
passes, theidischirge exdinguistieshwithoubtutiningidie the howeharcpsodhat ashonhdreutithe
conductor damage and,the RER] oytage are preyented. ., \When the LEAL IS tised ip, sombination
with the arréster of the inven ion, for exampﬁe;’conflgured according to the embodiment shown in FIG.
7,8, the functiams of thedirst-aiid: sésomd maihaeledtrodes: 2{B:aresperforhe diaespectively; dyithe metal
tube and the LEAL clamp, whils, 16 hellow,componant pf heinulating bady. and.the addijenal
electrode (Bo% Stthem aving in this embodimant an ﬂ',]f-s ape-profi es), arc formed, respectively, by
the insulatigiedayérl pagindothieenyetaino d’dithéht BskidTine intesipe diate selebiratleshargcembredded
inside a strip helically wounded around the;hollow component on one of the LEAL arms, .. In case
such combIRALBN St e ERC T ai ooy S ebretnto s hoemton oAt femesel Voage
condition, thelzascadeffashovers of the gaps between the intermediate electrodes develop at a lower
voltage than when.using only the EALF rther, in I_gégt%r,eg%g frré)rg_ru%ngu %_nl%@g._h%Ak fogggye
guenching of the rcai}lggﬁaégr%neais & sah-)?elgibge%re%ﬁeacurre}lt at the 1Eiéfwer f?%quengylf)ass‘eaé the zero
value_ Therefidires; ¢t é cominations of the LFEAe and e arresteractomingts thedwetiby hag a lesser
size and higher effectivenessdhan the typical | EAL, and, further, can-ba used for. gft%gesvggf;igher
classes. gplﬁ—:ﬂ??{{fg}:a%%ﬂi%giI%it{ﬁaif’esahx%rréstelr"’er‘ﬁ%odimin%('prggﬁc'e“ using alfcga{b‘e t'ef)fhlno ogy. As a
raw part forsmanufaciatingitie smedike, apivosivian appropriatedcablbawifhvd sblidynkotatioalis used,
wherein the; sl ipsulafion.and & catlg careform, e, ballow, commanantef (e insufating;bady | and

e an ont

the additional electro respectively. A metal wire or IS pTace surface of such cable
piece, and temoénremmptesolid ishtationsayethis applied {fof lexagnisie, doyiexirlisibmbfolloUingnaith
elding the %@%ﬂﬁé{ﬁfsﬁ tltgg:cable insulation). In this way, the insulating body of the arrester is formed,
the body consisting 0 'ﬁwe cable insulation (forming the hollow component) with the additional
insulation layer caveribg thislifstidtiorpAftantiatidistargbeckianvbebss greprotucediseursy drilling
or milling) in the inglging bod I. (165, chambess Jorming:the. iseharge aaRsheEean oy
intermediate electrodes’4 and (preferably) between the main electrodes 2, 3 and the intermediate
electrodes 4 adjadevitrthefatyinThe discharge chambers will have a '?1 circular cross-section (if
produced by drilling). ot aliematively; aJesiangular orpxample slitlike)icross:sestion Af produced by
milling). To attain a more compact arrangement of the intermediate electrodes and to reduce the
arrester dimensiofis; saidrmedatbantioridive canvbe hedicaiaourid sveiklar 16ithetatrangenfent used
in the embodimeny;shown it B1Gn18.dngase0fihespial arangementaf the slitdike; Ghampers, it is
necessary to check that the chambers corresponding to the adjacentturns of the spiral are not
directed towards &zt efhelicipigagegerimentally found that in case this condition is not fulfilled, the
discharge channelg.. J¥hen,plgwn, ouf-0f, ibe. discharge chambers; Lasymerge into a common channel
located in the air above the insulating body, such merging resulting in a sharp drop of arc quenching
ability of the arrestefistseehsiay e BhtAke Gischar§e «iarabErdan Adjacksiaisisdrase waditionally

linearly shifted or fofated inselation-to each Qerreasons for selecting such distance for this
embodiment were explained above}:
each of the discharge chambers 3 had a diameter d = 3 mm and a height b =4 mm
{thus, the tested arrester embodiment according to the invention correspended o
the above-described embodiment [ intended for the first application vanant [ of the

arrestery;



In order to simplify" manufacturing of the arrester, the metal wire or band can be replaced by a
conducting cord or a band made of carbon fiber. Such replacement will make the step of drilling or
milling the discharge chambers substantially easier to perform. The described embodiment is
characterized not only by its technological effectiveness, but also by a high mechanical strength.

FIG. 19 shows a fragment of a HEPL. with protected conductars andwith.an arrester embodiment
optimized for this PrHEATLERED A'sLisport LA HAUE b S tinBLCtng moeHar BcH s teinforced
concrete, steel angtthedike) sarvy -desinsedatertl? pe:vehichia conductos® havieg aproteativgtinsulation
layer 16 is fixed with the aid of metal fastening means, 15. A (ilamp having an el_ectr'ca‘lncortac; with the
fastening means £8 4e Bl 45 thE Sscah 1A BISCERad S of (e AhrEiel BrhBoAHERL of FIGS.
7,8 is placed on the-copductoraithe first main electrode 2 is configured as an armored clamp. This
clamp, which secures the arrester to the conductor, is in.an electric contact with a core of the

Conductor 5, so thEHE B P ORAIS OR bEARRER W At BIEchonos 4 3 o g b e
additional electiode épfihedamastens: The:siripainsideywhichitheinderimediatesglectrogdes:of the arrester

are embedded, is. fi)gqg:l to (i.e. %g:li?aél!i wound. .qrpuggi% a‘,rse%mq]nt p{ﬁ%eg otgcgive insulation layer 16
located betweeh. e M QT8 oS Tk SAgHiEnt FHETOnE Bd tHe HoH oW EdmBbARRY S the
insulating badydfdhesarrestent a: Whenanoxarnvoliage is appliedie thereonductorOna flashever first
takes place across the insulator 12, so that the fastening means together with the second main
electrode 3WiFha i“t‘ﬁé gft ﬁiﬁd (thaf 182670y Boteital, Whitd thd Eohtilictor 9aRd, r%?pé"&:‘ﬁ"{?éﬁy, the
armored clampeihecfiysitinainelegirade: 2)wwilldiegindehitiie lavervanagecpoteatials Thiss+32ameans that
the overvolﬁa_ge \ﬂ\gill}‘be at%glied between jd?e first main electrode E\Rtﬁe gerrkeTg cla .tpgngfn_drthe?_second
main electrdde 3 {the Hlafnp)  akaHHS SUaNSHAGE Wilt tAUSE GBS HHE A8 Ar &SR 4 Gaps
between thégnainselefiratdea2ywdiand theddteimediatereiediradeswdras oresulti thesdarpoofathe
conductor 9{}/ia the armored clamp, via fhe_t ga sCPetwee(n the intzer{negiatemetlegtrodes 4, via the
second maih Slectiode 52 Vis the fastening. means 15, and Vid the discharge channei5cioddthe
insulator 12:becomes elecincally connecied-tovtheageouinded supportd 4rsstthatcthedightning:e
overvoltage current will flow.along .%?is }pg{t\ﬂ to the ﬁroundp. p?fter the Iig@;nigsg‘ impulse jsﬂover., the
discharge élﬁ\rir”éln]tmelx{ﬁ)ﬁlﬁbslssﬁgsf\e}vi iou eﬁ?ﬁ‘53|ﬁrﬁe 5 the ggw%pﬂgr% Lsff:él(_}ge;‘ ‘and tha Tiiie Continte’to
function witlroutcanicoutalgéie ar@peratibnal-capabilitiescof the amester aécrding taithe ioverition has
been confir&ge}%}b ?‘)’( ?ﬂ{gﬁéﬂ%{i}ﬂ C%Qg Sourse of which arresters of two types rated at 10 kV and
specially progucé’ or ﬁ1|5"pu?pose Were tested: 1) the long-flashover arrester of a Mob type, LFAL-10,
with ring-like interinediateeetectrodesiame2ythed kAdordwithottsushkrings lput withithenarréster
embodiment ceordingto. e invention{shown n 1. 16) wound around.gng of the ams,of the
FETAL-10. The YestedF devices ha the[?o owm(‘ﬁ esdential features. a cable o%“PI - f‘ype g
manufacturediie e B8evikabefrteptant (B trPetsbuhg, Russiap hag anatuadintneieone ofs9 Pmm
diameter aqd a polvgiilens insulation laver.of 4 mim;a lenalh.gfan aym.Cfrom the metal g edge to
the clamp edge) was mm: the mtermediate electrodes 4 were configured as washers with the
external didnegtenotle: mirsiandogth thedhickrdsssof it imas theyasere tmbeddddiimensiripsratie of
siicone rubler: fhejotglnumber,of ine inteimediale eleciipdes saualed 80 disfanse heween the
adjacent electrodes separated. by a c?lscharge chamber was seﬁectedr 10 be g = 2 mm réasons for
selecting sdepediBianoee forspisiEmbuodidrehtwéeexplainbddboge)dy the guidelines presented in

the above description and taking into consideration such basic parameter as a type of
instaliations or equipment to be protected, a voltage class, a reguired level of protection,
etc.

The above-described embodiments and modifications of the arrester according to

invention and the electric power line confloured for using such arresters wers described
the invention and the electric power line configured & g suct i

oniv 1o clarify principles of therr design and operation. B

SR Fort 1314 WILHIT & SCONe o7 the ataohed sei of

ciatms, For exan Jifad Ty n the electrodes of the arrester develops not in
claims. For example, if a discharge between the electrodes of th t i t



each of the discharge chambers 5 had a diameter d = $ mm and a height b = 4 mm (thus, the tested
arrester embodiment according to the invention corresponded to the above-described embodiment |
intended for the first application variant | of the arrester); the arrester shown in FIG. 3 was wound
around one of the LFAL-I0 arms (that is around the above- described cable piece) with a pitch of 30
mm, so that the arrester covered, on a cable pLece Ien f 30 cm, t at i one third of a
length of tHEG FRE- S0 HF ARG (EL O ShE W Hral be‘h 0 tersstan ﬂ@t afé{‘w(ifha%lrgigs and

the LEAL-16:équifipgehmith i&ﬁ@@ﬁ&&heap@c@mmg f@rﬁﬁdan\maﬁdm aaiejab»ledt@mtmeﬂhthmg-l ERPL

insulator from the lig %}:nelk}?% char es; hggg gver, the TF‘SL L 10 V\glt p%?ﬁsqo ches t eaggllg\%arc
current at e 28I CUie 1811(1 3thglfe exists'a foause of 3285 h& e Cu renﬁl%w‘j Hile’ the

arrester acenmding thsthecinventienrgiienches theicorrent immediately after the lightning overvoftage
(which lasts only about 5-30 (is) is over and the voltage at the line conductor lowers down to a normal
operational value, It means that the arrester functions without introducing any pause in the current
flow, which is important when supplying electricity to electronic devices (i.e. computers | sensitive to
interruptions in a power supply. An important advantage of the combined arrester according to the
invention consists in that its overall dimensions are almost three times less that of the prior art version
of the arrester LEAL-10; moreover, the arrester of the invention can be designed for a higher voltage
classes. Thus, the current-shunting device according to the invention has a substantially widened
applicability and substantially improved functional reliability. The discharge channel quenching
increases with increasing the number of the intermediate electrodes. On the other hand, such increase
of the intermediate electrodes number while keeping total length of the discharge gaps unchanged
results in an increase of the overall dimensions and cost of the arrester. Therefore, an optimal design
of the arrester shall be determined depending on its specific intended application, with relying on the
guidelines presented in the above description and taking into consideration such basic parameter as a
type of installations or equipment to be protected, a voltage class, a required level of protection, etc.
The above-described embodiments and modifications of the arrester according to the invention and
the electric power line configured for using such arresters were described only di Cnted txU111 24
the form of a streamer, but in another form, for example as an avalanche discharge or as a leader
discharge, some other appropriate formulas may be employed in determining an estimated discharge
diameter, probably with resulting modifications of preferred values for minimal distances between the
adjacent electrodes.



CLAIMS 1. An arrester for lightning protection of elements of electrical facilities or of an electric
power line, the arrester comprising an insulating body made of a solid dielectric, two main electrodes
mechanically coupled to the insulating body, and two or more intermediate electrodes arranged
between the main electrodes mid mutually displaced.at least along the longitudinal axis of the
insulating body, the intermediate electrodes configured to enable a discharge to occur between each
of the main electrodes and the intermediate electrode adjacent to said each of the main electrodes and
between adjacent intermediate electrodes, ¢ ha rac terized in that the intermediate electrodes are
located inside the insulating body and are separ%tLngf m a surface thereof by an insulation layer
having a thickness exceeding a precalculated diam 0 of a channel of said discharge, wherein a
plurality of discharge chambers are formed between the adjacent intermediate electrodes, the
discharge chambers being open to the surface of the insulating; body, and wherein a cross-sectional
area S of the discharge chambets:ioa Fgheofthecdisthargethanms| Jorrratioreisselecteditosatisfy a

condition S < D, g where 0-is %em|¥{((n%1,%|ss£tanggllg)e;1§/v%gn the. adj?%elgt int §rm§%|&;[e glectrodes.

2. The arrester accordPng to claim 1, oh aracteri that the minimal distance between the
adjacent eléetrodes, |stelnated:i©:bedﬁsanaﬁgelgﬁiknmmmminm the mﬁzla’th@dmésteZMbWOdmg to

clam 1, @ i3 a6t £i286 Indoat minmel disiapse betvieen the adipsant slecioren s aelegled to be in

a range of 0 e arrester accor ng {6 claim I, ¢ h aracteri ze atitis
provided \mﬂﬂa@tmt:iﬁnmt dischwgétdmaahbers fortiedibetiveen éadh, df*mszmanﬁeiactr@dgg@ml the

intermediatg, eiectr &9§ %%‘?e”&t%@ﬁr%%@ ) oFL ?H&%Q@&e% QAES 11 m%ﬂ@&@ﬁt%ﬁ TQrd'”g 0

claim 1, characterized in that the arge chambers are confi gure as rectangular or circula
openings fortaedeitittredrstiadingdpadyt (o sal Thé afrdstensiccddingde clainbtvecharalstenized in

that the discharge shambera s, configured as slis farmed i Inslaling od o JoThi arrester

according to claim 1, characterized in t att arge chambers are configured as't roug‘h openings
formed in thedtsulating bedpsu@ging body and are separated from a surface thereof by an insulation

layer having a thickness exceeding a precalculated diameter £ of a channel of said
discharge, wherein a pluralitv of discharge chambers are formed between the adjacent
intermediate electrodes, the discharge chambers being open to the surface of the insulating
body, and wherein a cross-sectional area & of the discharge chambers in a zone of the
discharge channe! formation is selected to satisfy a condition S< D g, where gis a
minimal distance between the adjacent intermediate electrodes.

2. The arrester according to claim I, characierized inthat the minimal
distance between the adjacent electrodes 1s selected 1o be in & range of 1 mm t© 5 mm.

3 The arrester according to claim 1, characterized in that minimal
distance between the adjacent electrodes is selected 1o be in a range of 5 mm to 20 mm.

4, The arresier according io claim 1, characterized in that it is
provided with additional discharge chambers formed between each of the main electrodes
and the intermediate electrode adjacent to said each of the main electrodes.

3. The arrester according tc claim 1, characierized in that the
discharge chambers are configured as rectangular or circular openings formed in the
insulating body.

o, The asmrester according to claim 1, characterized in that the
discharge chambers are configured as slits formed in the wsulating body.

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

4

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



8. The arrester according to claim 1, ¢ hat act e r ized in that the insulating body is shaped as a bar, a
strip or a cylinder. 9. The arrester according to claim 1, characterized in that the insulating body
has an increased thickness in zones where the discharge chambers open to the surface of the
insulating body. 10. The arrester according to cl%im 1, c haracteri z e d in that the intermediate
electrodes are shaped as plates or cylinders. 11, The arrester according to claim 1, characterized

)]

that the intermediéte eledtrddBE e mda i raphite Bcatbdnifibe: © t & 197 $He abreditr cording
to claim 1, g hasehe terizad indhal the miitualy sisplageshdiermediate electrodes are arranged along a
line coinciding with the longitudinal axis of the insulating body. 13. The arrester. according to claim

1, character i zed‘in that tHe rAtiiATy ARSOEERE ifftefmiddiate dldcirbads drel &rfahgdd &hg'Kline

parallel to theufengitudinataxisrofiheinsuiptingRedy zones IdhAbrester ageerdipgtarany Qfclaims 1 to
13, char a ct eri a cd in.that an additional electrode is placed inside the insulating body or on the
surface théPSoTBipBSHe D e A 848 - which the discharge chambers are opened, the additional

electrode being copnectegwithene-of:themain elecirgdes; wherein adeagth-0f the iaddifionale
electrode correspands to, at least, a half of the distance between the main electrodes, and wherein a

breakdowrf SFEREHH B HFEHRSERHSH HRTesPIRE SHfSRAFBlectrode and another main electrode, not
connected with theiadditional eneiexceedsia precaigulated flashaver volkage betweenithe main
electrodes. 15The arrester according to claim 14, character i zed in that the insulating body includes a
hollow comPHEREHAEFTH A AuRGHACSIEEREHE 18 Fa¥ Side the hollow component. 16.
The arrester according toigdairre3$: adatdigter dizad in thakthe holewcompaneamnt @ thednsulating
body and the additjanal %I%%trode have circular cross-section 17. The ar|[e$,te[I according to claim

16, characterat i ARHEAR & SRS RIS AT ﬁ&ﬁ&fﬁ%&%@?ﬁ%&%@& LIS BER Y are
arranged isi@ spiraldiigulating body.

13, The arrester according to claim [, chavracterized in that the mutually
disptaced intermediate electrodes are arranged along a line paraliel to the longitudinal axis
of the nsulating body.

14, Axrester according to any of claims 1 to 13, characterized inthatan
addinional electrode 1s placed inside the insulating body or on the surface thereof opposite
to the surface to which the discharge chambers are opened, the additional electrode being
connected with one of the main electrodes, wherein a length of the additional electrode
corresponds 1o, at least, a half of the distance between the main electrodes, and wherein a
breakdown strength of the insulation between the additicnal electrode and another main
electrode, not connected with the additional one, exceeds a precalculated flashover voltage
between the main electrodes.

i5. The arrester according to claim 14, characterized in that the
insulating body includes a hollow component, wherein the additional electrode is placed
inside the hollow component.

16. The arrester according to claim 15, characterized in that the holiow
component of the insulating body and the additional electrode have circular cross-sections.

17.  tThe arrester according to claim 16. characterized in that the line
along which the mutually displaced intermediate elecirodes are arranged is a spiral line.

i8.  The arrester according to claim 15, characterized in that the
insulating body additionally comprises a sirip attached to a surface of the hollow

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



18. The an-ester according to claim 15, characterized in that the insulating body additionally comprises
a strip attached to a surface of the hollow component, wherein the intermediate electrodes are
embedded inside the said strip. 27 19The arrester according to claim 18, c ita c t er i zed in that the
strip is helically wound around a surface of a cylindrical hollow component. 20. The arrester
according to claim 19, characte riz ed in that ihe" édgitj‘onalfglectroge and thehgll?\g camponent of
the insulating borcR/are reAp SRR TSRS B4R CRRE Afidahinduiation 1ayer oF d Biets St ih'slectrical
cable. Rlicihe asesierasedrdingio:claim 20z @ hal hatiswerchzeshirithat the hollow component of
the insulating body has : \U-sh%)_we profile, wherein the a(éthiopnﬁl electrode, gn@d the h%llow Egg}mponent
have an equal lerfgth, the Hirstiiiah TeREHEHRSs Cors iglted as @'hidtdltabé enéidsing a'irved part of
the hollow gafnipenentcanddheseapacmain electrodenis siethanicathyrcobpted 4o:onepertodipth ends

of the hollow component and is electricall conn%Cted with the &dditional %l;gctrode, and wherein the
0

intermediatS BIEA oSS LB 4 PRRGEH BH B B Bt §ihS o e HLtiATRY Body. An electric
power line comprising: stpparisgprovidediwishiinsulators, atleast one tive eandudcter éeuplédito
insulators by fastening means, and at least one lightning arrester for the Jightni rotection of
cloments o (G EIERE. B brIRL AT IctEFdE & 1t G B B B T e
configured:as tihe Bnstester@aspordinditoany aficiaiensth t6:2 Tirst maRBcthevelectioipowerdinea
according to c[}a}im 2, ch?ract(grized 1. C}hat tthe ffil;%tﬂ aiﬁ electrode of said at lFf}St, one arrester is
connected "HitEctly 6r '8 EparkoVer §apP o an element of the eledtric pdwer Tneto he protected,
wherein theisgeohd imaieckblecttddedsgledtrically connéctédeeithel dirdethoor vierasparkovwkrgap, to
the earth. ., 24.The electr,[ic (?pov\gter Ii%e alrcc%.)rding to icla%lirm 23,¢C Qa()v acter %ﬁg live conductor is
located ins%%‘%“p%?ec%%@r?s% at%n“layecr, & firet main e éjéjterbdaéiof the arrester is cériﬁgur‘e‘d as an
armored clampradrangedremihe protectiverinsulation{léyernantheledtridally connected to the conductor,
the second main ngactrogte of the arrester i q}rrg{g]%erdlsorn{_ja Sﬁ”f%%es ofr'g)q;:-f\d%r t\%%%vg ir&%:lgt(i‘orgﬁlayer
and is electrically €onnec 8d"with'a Metal fés“enlﬁgpmeléﬁs for ISe‘curPng said conductor to the insulator
of the electrgspawer line, ¢hedinsulatinghat ycamptigses atlyolflemesomponent, whéreinisaid tietlow
component and an addional elegtrads of the arester, ars configured respecfively. as, 3 seament of the
protective iNSUTATSN ayer and a s‘égn?en]% of thie conductor, both the Rollow component an thie
additional eléctrogles beingdacatetibenienithe main giectrodes;sandswhetein the: intermediate
electrodes of thgigp!rte@sta%r are embedded, inside a strip attached to a surface of the hollow component.

accor Y OF CRalis i i . . .
25.The eledtric power line accord?ﬁg to Claim 22, c liar a c ter ize d in that
23.  The electric power line according to claim 22, characterized inthat

the first main electrode of said at feast one arresier is connected, directly or via a sparkover
gap, 1o an element of the electric power line to be protected, wherein the second main
electrode is electrically connected, either directly or via a sparkover gap, to the earth.

24, The electric power line according to claim 23, characterized in that
the live conductor is located inside a protective msulation layer, the first main electrode of
the arrester is configured as an armored clamp arranged on the protective insulation layer
and electrically connected to the conductor, the second main electrode of the arrester is
arranged on a surface of the protective insulation layer and is electrically connected wiih a
metal fastening means for securing said conductor to the insulator of the electric power
line, the insulating body comprises a hollow eomponent, whersin said hollow component
and an additional electrode of the arrester are configured respectively as a segment of the
protective insulation laver and a segment of the conductor, both the hollow component and
the additional electrodes being located between the main electrodes, and wherein the
intermediate elecirodes of the arrester are embedded inside a strip attached to a surface of

the hollow component.



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 body is configured as an insulator cap adapted
for securing the insulator on the rod.

28

25, The electric power line according to claim 22, characterized 1n that
sald 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 whereln
the additional electrode is configured as a rod of the insulator while the insulating body is

configured as an insulator cap adapted {or securing the insulator on the rod.



