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OCOBJIMBOCTI BUBHAYEHHS TEXHIYHOI'O IIOKA3HUKA
E®EKTUBHOCTI I'PO303AXUCTY NOBITPSIHUX JITHIA
EJEKTPOIIEPETAYI

3anpononosano memoouxy U mamemamuuyny Mmooenvb Ol BUSHAYEHHSI O00H020 13 CKIAOHUKIG
MEXHIYHO20 NOKA3HUKA eDEeKMUBHOCMI 2PO303aXUCIY NOSIMPAHUX JIHIN eiekmponepedayi — numomoi
KiTbKOCMI OYIKYBAHUX ABAPIHUX BUMUKAHD JIIHIT 3a 2PO308UlL CE30H IO NPAMUX YOapi8 V ep0303aXUCHUL
mpoc y cepeouHi NpocoHYy 3 YPAXYS8AHHAM MEXAHIYHUX DPO3PAXYHKIE HEeCUHXPOHHO20 pO320U0Y8aHHA
npoeodie y NPOcoHi.

Knrwouoei cnoea: 3asdanns i Kpumepii 2po3osaxucmy J1iHii, mMpocosi OAUCKABKOBIOB0OU,
2PO303AXUCHULL PIBEHb 3a UBUOKICIMIO HAPOCMANHS CIMPYMY OIUCKABKU.

EdexTuBHICTS TPO303aXUCTy MOBITPSIHUX JIHIM eJeKTponepenadl aHali3yloTh Uil TaKuX
XapaKTEepPHUX BUINAAKIB Ypa)KEHHS OJIMCKaBKOIO:

— OpAMUNA yaap y BEpPXIBKY ONOPH 3 aHAJIi30M YMOB 3BOPOTHBOTO MEPEKPUTTS 130JbOBAHOT
nigBicky (azHoro nposoxy («, );

— OpsIMUIL y1ap Y TPOC Y CepeiMHI IPOroHY 3 aHAII30M YMOB IMITYJIbCHOTO MPOOOI0 MOBITPSHOTO
HNPOMDKKY TPOC — IpoBix dasu (o, );

— OpAMUH ynap OIMCKaBKHM 1103a TPOCOM y (ha3HMM IIPOBiI y CEpeIMHI IPOroHy (X5 ).

@®i3UyHI OCHOBH 1 aNTOPUTM BU3HAYEHHS TEXHIYHOTO MOKA3HHWKA €(EKTHBHOCTI IPO303aXUCTY
MOBITPSHUX JIHIA eneKkTporepeaayl pos3risgaid B Oaratbox pobortax [1, 2, 3], 1 pe3ynabTaru
MIATBEPPKEHI JIOCBLAOM eKcIuTyaTanii. HenoctaTHbo NHEpeKoHIMBI B LMX poOOTax aHaIITHYHI
3aJICKHOCTI 1711 BU3HAYEHHS CKIaJHUKA (f, — IIUTOMOI KUIBKOCTI O4IKYBAHUX aBapIMHUX BUMUKAHb
JIHIT 32 TPO30BUI CE30H Bij yapiB OJUCKABKH B TPOC Yy CEPEAMHI IPOTOHY 1 KPUTUUYHOT'O 3HAUECHHSI

LIBUKOCTI HApOCTaHHS CTpyMy OJMCKaBKM Ha (DPOHTI amepiofUYHOro IMIyibcy. Y wiif poOoTi
JaHO OUIBII YiTKE OOIPYHTYBAaHHS KPUTHYHOI BEJIMUMHU LBOTO MapameTpa.

Pe3yabTaTn gociaixkeHHs

ABTOpaMHM 1I1i€i CTATTI 3alPONOHOBAHO OUIbII YITKE OOIPYHTYBAHHS BHM3HAUEHHS KPUTUYHOI
BEJIMYMHHU IIBUKOCTI HAPOCTAHHA CTPYMY OJIMCKAaBKH Ha PPOHTI.

VY pesynbrati yaapy OJIMCKaBKU B TPOC Yy CEpPEAMHI IPOTrOHY MK OMOPAMM IMITYJIbCHY HAampyry
Ha MOBITPSIHOMY MPOMDKKY JOBKHHOIO S MDK TPOCOM 1 MPOBOJAOM BH3HAYaIOTh 3a JOMOMOTOIO
3aCTYNHOI CXEMH, SIKa HaBeJeHa Ha puc. | a, e XBUJIbOBHI Omip KaHamy OJIMCKABKU MPUHMAEMO
BJIBIY1 MEHIIUM 32 XBHJIbOBHI OIIIP TPOCY, a OIIp 3a3eMJIEHHS TPOCIB Ha onopi He nepeBurye 0,15.
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Puc. 1. a) — 3actymHa cxema yaapy OJUCKaBKH B TPOC Y CEpEAMHI IPOroHy; 0) — Hampyra B MICIl ynapy

Jlo mpuxony BIAOMTHX BiJ ONOPIB CYCIAHIX ONOpP XBWJIb HANPYry Ha TPOCI BU3HAYAIOTh 3a
dhopmyroro:
a -t

UTP(t):iT'ZTP ) (D)

Jie a; — CepelHs MIBHKICTh HApOCTAaHHsS CTPyMy Ha (POHTI 32 yMOBU f<7,; Zrp — BIaCHHUii
XBWJIBOBHM OMIp TPOCy 3 ypaxyBaHHSM IMITyJbCHOI KOpOHH, sika 3MeHye iforo Ha 10+50 %

MOPIBHSIHO 3 T€OMETPUYHUM 3HAYCHHM [4].

. [ 1 . . . . .
Uepes i1HTEpBaAI Hacy r:2-5-— BIIOWTI B 3a3eMJIIOBAYIB OMOpP XBWII 3 KOEQIIIEHTOM
v
BIIOUTTA f1 = -1,0 miAXoaaTh 10 Micus yaapy OJIMCKaBKM B TPOC OJHOYACHO, 1 HAPOCTAHHSA

HaIpyru NpunuHsAeTbes. MakcuManbHa Hampyra Ha Tpoci

l
a; -
UTP(t:Tcp):TA'Z

3aJIeXKUTh B1J IIBUJIKOCTI HApOCTaHHS HAa (POHTI IMIYJIbCY CTPYMY @; 1 TOBXKUHU nposoay /. Ll
HaIpyra yrpuMyeTbCsl Ha TPOC1 B MeXaX TPUBAJIOCTI (PPOHTY.

rp )
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MaxkcumanbHa Harpyra MbK TPOCOM 1 IIPOBOJOM Y CEpEAMHI MPOTrOHY 3aJIeKUTh BiJ KoedillieHTa
3B’SI3Ky TPOC — MPOBIJ Y TMHAMIYHOMY PEXUMI &,

Usp_np

/
=ai(1—ko)é-zna- 3)

YMOBY €JIeKTpUYHOTO MPOOO0I0 MOBITPSHOI 130JALli Y MPOMBKKY S MoXke OyTH BU3HAUY€HO 3a
dhopmyroro:

UTP—HP 2 Ep.cep. ’ S > (4)

ne E, ., — cepenHiil po3psaHUNA T'paJleHT MOBITPSHOTO MPOMDKKY MOJIEINI I0JIKa — IMPOTH TOJIKU
CTaHOBUTH £, .., = 750 kB/Mm.

MexaH14HI PO3paxyHKH 33 YMOBH «IUISICKM» MPOBOJIB [5] MOKa3yroTh, 0 BenuyuHa S > 0,02/,
ToMy (4) HaOyBae BUTIISALY

U,, . >750-0,021 =151. (5)

TP-IIP
ITincranoBka (5) y (3) 103BOJIsI€ BU3HAUYUTH KPUTUYHY KPYTU3HY CTPYMY OJIMCKABKH @ p.:
151 4 45
a . 2 = )
o (1_ko) Zyp 1=k,

v
2 (6)
1
ne v= 300 m/MKkc; Zrp =400 Om.
I3 (6) BuaHO, 110 KpUTHYHA KpPYTHU3HA 3aJIeKUTh B KoedilieHTa 3B’A3KYy TPOC — MPOBIJ Yy
TUHAMIYHOMY PEXHMI k.
JlocnikeHHI0 KoeilieHTIB 3B 3Ky TPOC — MPOBII Y TMHAMIYHOMY PEXHUMI MpUCBSIUeHa podoTa
[5]. Pesynbratu miei podoTu:
— TEOMETPUYHUN KOE(IITIEHT 3B 3Ky TPOC — MPOBIT
n %12
a]Z
—F——==0,1+0,3;
2h

cep

r

k=

Iw
— IMHAMIYHUH KoedilieHT 3B 3Ky Ha 10+50 % Ouibiumii
k,=0,15+0,45.

ITincranoBka k, y (6) 103BOJIsIE BUSHAYUTH @ 1. -
45

ai Kp. 2

=60-+90 kB/™Mxkc.

a

BucHoBxku

3anponoHOBaHO METOJIUKY BU3HAYEHHS! KPUTHUYHOI IIBUJIKOCTI HAPOCTaHHS CTPyMy OJIMCKaBKU
Ha (PpOHTI amepioUYHOro IMIYJIbCY, NEPEBUILEHHS SIKOT MPU3BOAUTH 10 MPOOOI0 MOBITPSHOTO
MIPOMDKKY MIXX TPOCOM 1 [IPOBOJIOM y CEPEIUHI IPOTOHY.

3anponoHOBAHO aHAJITHYHY 3aJI€KHICTh, Y SKIi BpaXOBaHO MEXaHIYHI pO3paxyHKH MIHIMaIbHOI
BIICTAaHI MDK TpPOCOM Ta MpoBOAOM (a3u B cepeAuHi MPOTOHY I 4Yac HECHHXPOHHOTO
PO3roMIyBaHHS TIPOBOIIB.

[ToxazaHo B MaTeMaTU4HIM MO, 1[0 KPUTHYHA IIBUAKICTh HAPOCTAHHS CTPYMY OJMCKAaBKH HE
3aJIeKUTh B BIICTaH1 MK CYCIIHIMHU OIIOpaMH JIiHII eJeKTpoIepeiayi, a 3al1eKUTh B KoedilieHTa
3B’SI3Ky TPOC—IIPOBIJ Y AUHAMIYHOMY PEXKUMI.
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ENERGETICS AND ELECTRICAL ENGINEERING

V. S. Sobchuk, Cand. Sc. (Eng.), Prof.; N. V. Sobchuk, Cand. Sc. (Eng.), Assist. Prof.;
0. V. Slobodianiuk, Cand. Sc. (Educ.)

CHARACTERISTIC FEATURES OF DETERMINATION OF LIGHTHING
PROTECTION EFFICIENCY INDEX FOR OVERHEAD TRANSMISSION
LINES

Technique and mathematical model for determination of one of the components of overhead
transmission lines lightning protection technical index efficiency — specific amount of expected
emergency disconnections of the line in thunderstorm season as a result of direct impacts into overhead
ground-wire cable in the middle of the span, taking into account mechanical calculations of
asynchronous motion of wires in the span, is suggested.

Key words: objectives and criteria of line lightning protection; lightning conductors, lightning
protection level by the rate of lightning current growth.

Efficiency of lightning protection of the overhead transmission lines is analyzed for the following
characteristic cases of lightning stroks:

— direct stroke in the top of the support with the analysis of the conditions of reverse overlapping
of phase conductor insulated suspension (¢, );

— direct stroke in the wire in the middle of the span with the analysis of the conditions of pulse
break-down of wire-phase conductor air gap (&, );

— direct stroke of lightning outside the wire in phase conductor in the middle of the span ().

Physical fundamentals and algorithm of determination of lightning protection technical index
efficiency of overhead transmission lines were considered in numerous research [1, 2, 3], the results
are proved by operation experience. But analytical dependences for determination of the component
a, — specific amount of the expected emergency disconnections of the line in thunderstorm season

as a result of lightning strokes in the wire in the middle of the span and critical value of lightning
current growth rate on the front of aperiodic impulse are not sufficiently reliable. The given paper
suggests more accurate substantiation of the critical value of this parameter.

The results of the research

The authors of the given paper suggest more accurate substantiation of determination of critical
value of lightning current growth rate on the front determinationi.

As a result of lightning stroke in the wire in the middle of the span between the supports, pulse
voltage in S length air gap between the wire and the conductor is determined by means of equivalent
circuit, shown in Fig. 1 a, where wave resistance of lightning channel is assumed to be two times less
than wave resistance of the wire, and resistance of wires grounding at the support does not exceed
0.15.
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Fig. 1. a) — equivalent circuit of lightning stroke in the wire in the middle of the span; b — voltage in the place of
stroke

Prior to arrival of the waves, reflected from the resistances of neiborring supports, voltage at the
wire is determined by the formula:

a -t
Uwr(t): : .Zwr > (1)
4
where a; — average rate of current growth on the front at condition 7<7,; Z, — wave resistance of

the wire, taking into account pulse corona, that decreases it by 10+50 % as compared with
geometric value [4].

.. [ 1 . .
In time interval 7 =2-—-— waves, reflected from supports ground rods with reflection factor
v

P21 =-1.0 arrive to the place of lightning stroke into the wire simultaneously and voltage growth
stops. Maximum voltage on the wire

a1
Uw(t=ff)=lTA-Zw (2)

depends on the rate of current a; pulse growth on the front and the length of the conductor /. This
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voltage is maintained at the wire within the limits of front duration.
Maximum voltage between the wire and conductor in the middle of the span depends on the
coupling factor wire-conductor in dynamic mode &,

wr—cd ~ wr

I
U —ai(l—kd)-é-z : (3)

Condition of electric break-down of air insulation in S interval can be determined by the formula:
U, wZ2E;. S, 4)

where E,. ., — average discharge gradient of the air gap of the model needle against needle is E4 4.
~ 750 kV/m.

Mechanical calculations on conditions of «line-wire dancing» [5] show that value S > 0.02/, that
is why (4) takes the form

dc.av.

U,, ., >750-0.021=15I. (5)

Substitution of (5) into (3) enables to determine critical slope of lightning current a; .
151 v 4 45
a., 2 “— = ,
=k 1 Z, 1-k,

where v=300 m/us; Z,, =400 Ohm.

It is seen from (6) that critical slope depends on wire-conductor coupling factor in dynamic mode
k.

Investigation of coupling factor in dynamic mode is considered in [5]. The results of

investigations:
— geometrical coefficient of wire—conductor coupling factor

(6)

h’l a;Z

a]2
—==0.1+-0.3;
2h,, ’

r

k. =
Iw

— dynamic coupling factor is 10+50 % greater
k,~0.15+0.45.

Substitution of &, into (6) allows to determine a; .

a > 45 =60+90 KV/us.

d

Conclusion

The technique, aimed at determination of critical speed of lightning current growth on the front of
aperiodic pulse, excess of which leads to the break-down of the air gap between the wire and the
conductor in the middle of the span is suggested.

Analytical dependence, that takes into consideration mechanical calculations of minimal distance
between wire and conductor of the phase in the middle of the span during out of phase swinging of
conductors is suggested.

In mathematical model it is shown that critical speed of lightning current growth does not depend
on the distance between neighboring power transmission line supports, but depends on coupling
factor wire- conductor in dynamic mode.
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