APPARATUS FOR LIGHTNING PROTECTION WITH SPRING-TYPE ELECTRODES AND AN
ELECTRIC POWER LINE PROVIDED WITH SUCH AN APPARATUS Technical field 5The present
invention relates to apparatuses for lightning protection of electrical equipment and supporting
structures. The invention can be used for protection of, for example, high-voltage apparatuses,
insulators and other elements of high-voltage electric power lines, electrical equipment and other

constructionABRARATEESFRBUHAY THNGERROSEETHEMN W PHSRRING-TYRE RUERTROPES508

discloses a curiEnbsANHirECaFae pogvior lRiprOWERNANPHeiRsbic A AiPARArOrselectric power
line elements. The apparatus comprises an insulating body made of a solid dielectric, at least two main

electrodes 15 mechanically coupled with the insulating body, a rod-shaped electrode set inside the
insulating body albeehitsaXisidnd electrically connected to one of the main electrodes, and several

intermediate elec&a@%e%%hpﬁh%%ﬁaaw@%ﬁ& bedy ReuGensths: rﬁ@%;hﬁlﬁ%@%%ﬁawt& & [ty

displacement along at least a longitudinal axis of the insulating body. The said patent has an

assumptioRTHRAEL AR A EeRLE MR iitiuS trd Rfativepdionn &Ry 8 MsRih ProRseissticandhddhsulating
body havinsxaneserahihacitgydangectinseSliok dniiernedicdehelesisodessase agiifieieaty erstijcset on
the insulat]p{g R or e ' e [ings he sai y. At the same time a .
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requires ad®dRiBFEITactions such as, for example, a ring crimping. 25Another variant of the intermediate
electigde is a clamp which could be substantially easily fixated on the insulating body in a prescribed

position, howevetibcg;grg usage stipulates for increased labor expenditures for their arrangement along
with increased ¢ ity of the intermediate electrode resulting in increased cost. 30Summary of the

invention Anibjertionth&YE2oSn0hvaintionds te pravidd-sheintipte siwoetatesofehdigiteingediate
electrode havipgilaw grapufactaringandhereraling&asts aaddrayidingdeliakle fation,of thes

intermediate electrode on the insulating body without additional actions. 35The object of the present
invention i§%mé??%fﬁdr§ﬁi?é%u§%¥ ﬁaﬂcﬁﬁiﬁa a solid dielectric, at least two main electrodes

15  mechanically coupled with the insulating body, a rod-shaped electrode set inside the
insulating body along its axis and electrically connected to one of the main electrodes, and
several intermediate electrodes set on the insulating body between the main electrodes
with a mutual displacement along at least a longitudinal axis of the insulating body.

The said patent has an assumption that the intermediate electrodes are made as

20  rings allowing fo be put on the insulating body having preferably a circular section. Such
intermediate electrodes are sufficiently easily set on the insulating body, for example, by
putting the rings on the said body. At the same time a disadvantage of this intermediate
electrode’s type is that fastening of the rings on the insulating body requires additional
actions such as, for example, a ring crimping.

25 Another variant of the intermediate electrode is a clamp which couid be
substantially easily fixated on the insulating body in a prescribed position, however clamp
usage stipulates for increased labor expenditures for their arrangement along with

increased complexity of the intermediate electrode resulting in increased cost.

30 Summary of the invention

An object of the present invention is to provide a simple structure of the
intermediate electrode having low manufacturing and operating costs and providing
reliable fixation of the intermediate electrode on the insulating body without additional
actions.

35 The object of the present invention is solved by an apparatus for lightning

protection of electrical equipment or electric power line elements. The apparatus



protection of electrical equipment or electric power line elements. The apparatus 2 comprises an
insulating body made of a dielectric, at least two main electrodes mechanically coupled with the
insulating body, a rod-shaped electrode set inside the insulating body along its axis and electrically
connected to one of the main electrodes, and two or more intermediate electrodes set on the insulating
body between the main 5 electrodes with mutual displacement along at least a longitudinal axis of the
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distance between an end plane of the spring and an adjacent intermediate electrode. The springs are
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insulators by fastening devices and at least one apparatus for %I?hthlﬁ% protection of electric power line

elements. AtISRASSHRH 8 Lerdtfe (6P P KL PR REH 18 GRASRRE 1raiat il Mehfent

directly or waysprak thapsming ditclieg sstoxise@Qabie omizindele dirkel & carapectedite groungddi@etly or via

spark gap. Jthe Resent invention is characterized in that the apparatus for lightning protection is made
as the apparatus according to the above mentioned variants. A technical result of the present
invention is providiig BRESHRiREtORB AR PBTBRBbIMSiPRaR e bRRRASHE REYiISERSWHIBRTRI#Ering and
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without an%agdipgnal' o . . : .

ufual displacement of the projections along the spring circumference is optimally equal

20 to180°.

A surface of each intermediate electrode exciuding the proiections or end surfaces
of the wire used for the spring manufacturing can be covered with insulation layer.

In one of the embodiments the insulating body is made of a solid dielectric. The
insuiating body and the rod-shaped electrode preferably have a circular cross-section.

25 The obiject of the present invention is solved by an electric power line as well, The
electric power line comprises towers provided with insulators, at least one currerd-carrying
wire coupled with the insulators by fastening devices and at least one apparatus for
lightning protection of electric power line elements. At least one main electrode of the said
apparatus connected to the protected element directly or via spark gap, and at least one

30  other main electrode connected to ground directly or via spark gap. The present invention
is characterized in that the apparatus for lightning protection is made as the apparatus
according to the above mentioned variants.

A technical result of the present invention is providing the simple structure of the
intermediate electrode having low manufacturing and operating costs and providing

35  reliable fixation of the intermediate elecirode on the insulating body without any additional

actions. This results in increased reliability and the simplified structure of the lightning



actions. This results in increased reliability and the simplified structure of the lightning 3 stroke
protecting means. The present invention provides with the electric power line having reliable lightning
protection due to the fact that the line is equipped with the reliable and low-cost apparatuses for
lightning protection operable at low discharge voltage. 5Brief description of drawings Fig. 1
schematically shows the apparatus according to the invention. Fig. 2 shows the intermediate electrode
according &k ielsging meapRy. Bhshetesent ipnefeiiablewyibesimiégnttbe tistenttermedimténelectrode

according iategi RMRIMIO g HAIREBERRAEALEAH YHAC RS 1Y Bt dNe g uip i iR iy a 10 kV
electric power \ine Ii% tnin%-%roofe%q\év[jrﬁ%use of the Iightnin rotection apparatus according to the
[

invention. i fhI%H 4589 Jprreistiahparstaedtimadsdaoe yRite@gment having an
insulation forming the 15 insulating body 1 and a metallic strand used as the rod-shaped electrode 6.
A metallic tube u%@gé@&igg&qggmggectrode 2 is set in the middle part of the cable segment
over the insulating body 1 and end terminals of the cable are used as the first main electrodes 2. Ends
of the cable stranfi'$:.d. SHeeFORiisAPWieltroRRPETaYE RESRIFEY {8 BRvifeent®ihe electric power line
by means of clamfig. Zhecectndinmainezletirede itk 20chasinges tieaningidator set at the tower 13 of
the electric powerJdine,by means of a bracket and.a wire..An electrode 14 forming a spar with the
second main elecit:lrF t%’e %ﬁ?a str?g%tﬁrg?% ae% %a%pmz)ozd%nn? (E)P i@éefB%WS é?:]{ﬁce %é&/%%iﬁ% %(Jén(gﬁgt the
tower 13 a8'@&IVaRAllic springs forming the intermediate electrodes 5 are set on the cable segment.
Whenghe wire 4 of the electric power line is loaded with overvoltage, an electric 25 potential of the
cable strand (i.e. E‘ trod- ?ed electrodet 6(; connected to the wire 4 becomes high via the end
terminals. Due to e eouping ot thetod-shaped electrode 6 and the metallic tube, an
electric potential dfighit tasdybssoraes Hgk\ashadticAoetedine poberitighobtiectoviteruk? afftthe electric
power line ;@Mhs pleritade %E%G@%&%F&r&&ﬁo%@%%ﬁ%ﬂ FNERIBR BRI 1RCRGHRAIRD. A
potential difference (high 30 voltage) arises between the second main electrode 3 (the metallic tube)
and the eld¥HRFECY 2PRATALSISSPRRRG S i€ FERIDISEURERE BRYINGREh &esBiafipd plsvaning) tfference.
After 1hat thsaaéngotiade is appheshdiativesraiit wahleasttandandHir-gesienddngio. elesisade: 3. Under
the influenge, o bl Ao lags FHANSIR AGIEPIOSAEIAKIZ AL 91 SPINE Bitfas fignp or both
directions depending on an overvoltage value and sequentially arc

over the insulating body 1 and end terminals of the cable are used as the first main

electrodes 2. Ends of the cable strand (i.e. the rod-shaped elecirode 6) are fastened to a

wire 4 of the electric power line by means of clamps. The second main electrode 3 is

20 fastened to an insulator set at the tower 13 of the electric power line by means of a

bracket and a wire. An electrode 14 forming a spark gap with the second main electrode 3

{a length of the gap is 2 cm for the 10 kV electric power line} is set at the tower 13 as well.
Metallic springs forming the intermediate electrodes 5 are set on the cable segment.

When the wire 4 of the electric power line is loaded with overvoltage, an electric

25  potential of the cable sitrand (i.e. the rod-shaped electrode 6) connected to the wire 4

becomes high via the end terminals. Due to strong capacitive coupling of the rod-shaped

electrode 6 and the metallic tube, an electric potential of this tube becomes high as well.

An electric potential of the tower 13 of the electric power line and the electrode 14

connected to it is equal to zero since the tower 13 is grounded. A potential difference (high

30  voltage) arises between the second main electrode 3 (the metallic tube) and the electrode

14 and the air spark gap is disrupted under the influence of the potential difference. After

that the overvoltage is applied between the cabie strand and the second main electrode 3.

Under the influence of this overvoltage, channels of creeping discharge run on a cable

surface in one or both directions depending on an overvoltage value and sequentially arc

35 over gaps between the springs, Le. between the intermediate electrodes 5. Once the

overvoltage passed, a follow current of industrial frequency flows through the channels,



350ver gaps between the springs, i.e. between the intermediate electrodes 5. Once the overvoltage
passed, a follow current of industrial frequency flows through the channels, 4 heats this bridging
channels and converts spark discharge into an arc. Due to dividing the arc into separate sections
(small arcs) by the intermediate electrodes 5, the small arcs are cooled by the cool metallic
intermediate electrodes. Owing to this fact, a current-shunting apparatus with intermediate electrodes
quenches BeaiFidie MipgheafEPRORe ANthsPryeEcarfh CSivGRieR) 'SRl aFs WihSutiWdingiate
electrodesato intbeepartds thetiony eniranuriiN@upRaiatimecrestiRg todbe MyeNtvRIsRoHe
arc-suppressive, while a structure.is simple (and low-cost, accordingly). When the ,
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the dischatge veliaaasuBiinsulation tekmeashetivestadhe datemaedigie flestindesesand dhe
rod-shaped el?acitroqd .6 can be different for diff%rent in}er.medi e eleﬁ)trﬁg{%{es. The further the.i
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insulation thickness should meet the reguirement

Hence, to provide necessary electrical strength of the insulation, a thickness A; of
the insulating body 1 between the rod-shaped electrode 6 and an i intermediate electrode

20 5 (i=1,2,...m) should be selected on the basis of the following requirement:
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where Uy; is a discharge voltage between the i intermediate electrode and the

second main electrode; and k4 is the disruptive strength of the insulation material used for
insulating body 1 manufacturing.

25 To decrease production costs of the apparatus and to additionally decrease the
discharge voltages, the insulation thickness between the intermediate electrodes 5 and
the rod-shaped electrode 6 can be different for different intermediate electrodes. The
further the i intermediate electrode is from the second main electrode 3, the larger the
discharge voltage Uy, between them should be and therefore the thicker the insulation

30 layer A, should be. In other words, the insulation thickness between the rod-shaped
electrode 6 and the i intermediate electrode 5 shouid directly relate to a distance between
the i intermediate electrode and the second main electrode (in a general case, a main
electrode electrically connected to the rod-shaped electrode).

The closer the rod-shaped electrode 6 is {o the intermediate electrode 5, the larger

35  capacity C, between the electrodes 5 and 6 is and the lower the discharge voltages of the



30 layer A, should be. In other words, the insulation thickness between the rod-shaped electrode 6
and the i intermediate electrode 5 should directly relate to a distance between the i intermediate
electrode and the second main electrode (in a general case, a main electrode electrically connected to
the rod-shaped electrode). The closer the rod-shaped electrode 6 is to the intermediate
electrode 5, the larger 35capacity Co between the electrodes 5 and 6 is and the lower the discharge
voltages ofHiee s Sirsing shipalia- app@ratlieriera hisreforseaseldbre abtchiacadisatitagrsydltages, it is
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intermediate electrodes 5 disposed closer to the second main electrode is opposite to the rod-shaped

electrode SHRFARRAEPIRACE RS IPREFFEOR RN BB adels hapbsetiifirniging Sebnt Bidng a
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intermedia rodes 5 and an end of the rod-shaped elecirade 6 (insylation thicknesses) are much
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electrode 3. 20 As shown on the Fig. 2, the intermediate electrodes 5 in the form of wire springs are
put on the INGIEBRGEIAY Y, 3FHEA B B & A2 0 BUHPRRY LR St ROBIRISHRI R 8BIRS elastic to
sometgxteit. fibecsprngs Hareodispased atdbiecitfs datiigpdasy diwith meitusltispagementiglong the

longitudi iS.0f the insulati ' ' ' ize being | h t
sz of the TRATaLRG 28 boay T e et e eclatie, e B B e
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advantageaysiydesothan anedeidiamaies of %i@ﬁé&aﬁjﬂgj@@@%ir@&ﬁ?r@ééﬂéhﬁ&éﬁgi@&%gé;an be
put on the insulating hody tightly, wherein a positigning of the spring 5 along the insylaging body can
be made e%%ﬂ?/#?h&é %ﬁré‘b’gién{g o?r‘rﬁg% ?ger erﬁérenoéwlgf%?/sét%égﬁﬁ%an%aqa I?l "Sﬂ %#19 spring ends
and th@ inner diafeiruittasn $peirgds Intre ariedmediatshelestigdes 5 in tredero ffoilitatemipgrtions

with spring&»g%mgotheﬂeqqgtj%mg siRROthe nsIaiR RO R SHrBeH Scomarisier bR Riiections
16 formedé_% ends of a WIE used for the sgéln 15 manufacturing, wherein a length of each projection

16 is chosEITIEBE S51RISHRHIT I FiemR & BRWCETBINER P Fime IRy Siing ardalinaapdveht
intermediatetelectod elidplzedodnt séopgojectongsiuttiecs prisgol feinmatiinglivediet. to diameter increase

The said spring can have inner size being less than outer size of the insulating

25 body 1, i.e. in a case where the insulating body is made as cyiinder (as well as the rod-

shaped electrode} and the springs are round, an inner diameter of the springs is

advantageously less than an outer diameter of the insulating body. As a result, the springs

5 can be put on the insulating body fightly, wherein a positioning of the spring 5 along the

insulating body can be made easily if the spring is deformed, for example, by a faciiitating

30 device gripping spring ends and the inner diameter of the spring is increased in such a
way.

In order to facilitate operations with springs during their positioning along the
insulating body, a spring 15 comprises two projections 16 formed by ends of a wire used
for the spring 15 manufacturing, wherein a length of each projection 16 is chosen to be

35 less than a distance between an end plane of the spring and an adjacent intermediate

electrode. Due to these projections, the spring deformation directed to diameter increase



6 can be carried out much easier through gripping the spring projections by the device facilitating its
deformation. The said projections 16 are prefergble arranged at opposite end sides of the spring
15, as it is shown on Fig. 3, and advantageously mutually displaced along its 5circumference at least
at 90. In the optimal variant the mutual displacement of the projections along the spring circumference
is 180, this case is shown on Fig. 3. A surface of each intermediate electrode can be covered with
insulation EeOHitRHeCeREb PlieH oFIREDHjREDrEIBPIEAdREFREBS drairclinre. Wit tsvice
changeabififyipting iRn@sisizmaabihe intermediate electrode made as a 10 spring, the electrode can be
located on the insulating,bod |tho t any obstacles if the i inner size of the spr creased through
i deformation i 76 UL RECUTTRAR 18 GUREI A TP B SoR0° RAGTE 8 SPHT locaten
at a desireti®positioh on thewsuatirfgdody, @hd sativerdeforushtionuiaallpe deplsicedediang tite spring's
Inner size bReameRAEALeNILhan Meopish ke ebihnsulaiic oty g LrlaR!s flion of

15the intermediate electrode. projections of the intermediate electrodes are arranged with

the mutualp&%%?aeaﬁ%ﬂ?%%ﬁggﬂﬁ@%ﬁlrﬂ(’j‘gﬁ?ﬁﬂﬂ?é?e}ﬁoe asesrsiernigue eafigedocated at different
sides of the insulatingfhod yf whithipreveniato ingrodshas iay kcischargiés intgxine &eitits

facilitates Eﬁ?% SUp ﬁéﬁ'&%é%@&ﬂ'\"é end sdlrf esa&qﬁéa\w;efor lightning protection of elements of

an electrical equipment or an eléctric power line, the apparatus comprises an insulating body made of

a dielectric, at 5 |E4408A8 ﬁﬁmngawﬁddé‘sﬂﬁﬁéeﬁahﬁmwww@éﬁmm@mwﬁ@ﬁ*ﬁg Hadg,as a

rod-st@pedsirgirodestsitinaisiedhainsatatiag ot a;l@ugnﬁsgars&j@nmatﬁﬁtaﬁgllwo@mtedﬁo one of
the main electrodes, o n’g‘j two or more mtemi]e(glate el?ctro es set on the msulat g}/ fween the
h’a hSiat
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main electfodes i
characterizstensipatcittieaitsaiptingofolg. M@n«m@h&temle@tmmd at a desired posmon on the

insulating body, the spring deformation can be terminated and the spring’s inner size
becomes smaller than the outer size of the insulating body resulting in reliable fixation of
15  the intermediate electrode.
if the pfojections of the intermediate elecirodes are arranged with the mutual
displacement along the spring circumference, spark discharges can be located at different
sides of the insulating body, which prevents joining of the spark discharges into one and
thus facilitates arc suppression.
20



10is made as wire springs. 2. The apparatus of claim 1, wherein an inner size of the springs is
smaller than an outer size of the insulating body. 5 3. The apparatus of claim 1, wherein at least
one intermediate electrode made as the wire spring comprises at least two projections formed by ends
of the wire used for the 15spring manufacturing, wherein a length of each projection is less than a
distance between an end plane of the spring and an adjacent intermediate electrode. 4. The
apparatus of claifhl®\ferein the projections are disposed at opposite end sides of the spring.

5. The apparatus of claim 4, wherein the projections are mutually displaced along 20a spring
circumference at Jleahsg at 90 . r61iTh e.a par?tus of ¢laim 4, Wheéein t %%E?&Jtl[lm dis%lacement of the

projections along a sprﬁ"Pd) %Wéﬁ%ﬁ%re C nilg ﬁ)a?(fgoih .eleme,n.tﬁ_ﬁ aa?)s AORUEN eé’,t\%erein a
surface of aaeleiriternmedintoes|Svtropeaexicisi dirmptiicep rojectiohs g kody suske o ofittleavireas covered

with insulafiaa Ve Zmd < le ARRAALA L S dulibietai this inRWANRG Bedy is madg.gf&ysolid
dielectric. 9. The apparatus of claim 1, wherein the insulating body and the rod-shaped electrode

have a cir@ifaerssEet dutid the inspipting BRA%ACRE VIR ARt RIITGEB RRrESHS G dR ARl

insulators, tak leasi (arse:’u&(as_e}ur@ﬂt{wrwngmrmmmpkﬁdtwblmmmwatws hefastaniing dedices and
at least O”Be%BBQﬁHéS{ﬁ%ﬁrl'Qlét&%%&r %ﬁﬁtéo&@Lgf‘%ﬁQSﬂE%RfetF‘Fa‘F%

. i ﬁ%ﬁ&%&’%’%‘rlé‘ﬂo&u Ieleip @t least
one main electrode of the apparatus connected to the ﬁ)rotected ele y

! , ) ) ent directly rwaspaﬁ'( gap, and
at least onéf dhsePfitatnelderydehesantesisatddhsting 'areicayper vhlbpdricrapdietmrieetngdes in that

the apparatumigelighiniegiiegection is made according to any 350f claims 1 to 9.
2. The apparatus of claim 1, wherein an inner size of the springs is smaller than an
outer size of the insulating body.
3. The apparatus of claim 1, wherein at least one intermediate electrode made as
the wire spring comprises at least two projections formed by ends of the wire used for the
15 spring manufacturing, wherein a length of each projection is less than a distance between
an end plane of the spring and an adjacent intermediate electrode.
4. The apparatus of claim 3, wherein the projections are disposed at opposite end
sides of the spring.
5. The apparatus of claim 4, wherein the projections are mutually displaced along
20  a spring circumference at least at 90°.
6. The apparatus of claim 4, wherein the mutual displacement of the projections
alohg a spring circumference is equal to 180°.
7. The apparatus of claim 3, wherein a surface of each intermediate electrode
excluding the projections or end surfaces of the wire is covered with insulation layer.
25 8. The apparatus of claim 1, wherein the insulating body is made of a solid
dielectric.
9. The apparatus of claim 1, wherein the insulating body and the rod-shaped
electrode have a circular cross-section.
10. An electric power line comprising fowers provided with insulators, at least one
30  current-carrying wire coupled with the insulators by fastening devices and at least one
apparatus for lightning protection of elements of the electric power line, wherein at least
one main electrode of the apparatus connected to the protected element directly or via
spark gap, and at least one other main electrode connected to ground directly or via spark
gap, characterized in that the apparatus for lightning protection is made according to any

35 of claims 110 9.



