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MPKHAPOOHA ENEKTPOTEXHIYHA
KOMICIA

BJINCKABKO3AXUCT -

YacTtuHa 1: 3aranbHi NnonoXxeHHs

NMEPEOMOBA

1)

2)

3)

4)

5)

MixHapogHa EnekTtpotexniyHa Kowmicis, Hapani IEC, € BcecsiT-
HbOIO YCTaAHOBOI 3i CTaHgapTM3aLii, Wo ob’eaHye yci HauioHanb-
Hi enekTpoTexHiyHi komiTeTn (HauioHanbHi Komitetn IEC). MeToto
nisnbHocTi IEC € 3abe3neyeHHst MixxHapogHOro cniBpobiTHMLTBA 3
YCiX NTaHBb, L} 0 HanexaTtb 40 CTaHJapTuU3aLlii y eneKTpoTexHiYHIn
Ta eNeKTPOHHIN ranyssix. [Ina 4OCArHeHHs uboro Ta Ha oAaToK A0
iHwoi gisnbHocTi, IEC ny6nikye MixHapogHi Ctangaptu, TexHiuHi

YmoBwu, TexHiuHi 3BiTn, 3aransHogocTynHi Cneundikauii (PAS) Ta
Moci6Hukn (Hapgani imeHoBaHi sik "My6nikauis(i) IEC) "). MigroTos -
Ka umx nybnikauin JopyyYaeTbCcs TEXHIYHUM KOMiTETaMm; Byab -aKuin
HauioHanbHuin Komitet IEC, 3auikaBneHuin y BignoBigHin Temi,
Moxe 6paTu yyacTb y migrotoediii poboTi. MixHapoaHi, ypsiposi
Ta HeypsAoBi opraHisadii, Lo cniBnpauotoTb 3 IEC, Takox bepyTb
yyacTb y ui migrotosui. IEC TicHo cniBnpautoe 3 MixHapogHoto
Opratisauieto 3i CtaHgaptu3saduii (ISO) BignosigHo fo ymoB, 0by-

MOBJIEHMX JOTOBOPOM MiX IBOMa opraHisauisimu.

OdpiuiviHi piweHHss abo porosopu |IEC 3 TexXHiYHUX NUTaHb SBMS-
10Tb CODOI0, HACKIMBKU Lie € MOXITUBUM, MDKHAPOLHUIA KOHCEHCYC 3
Bi4NOBIOHWX NUTaHb, OCKINbKM KOXXEH TEXHIYHWUIA KOMITET Ma€e npea-

CTaBHWUUTBO BiA YycCix 3auikaBneHunx HauionanbHux Komitetis IEC.

My6nikauii IEC maTb dopMmy pekomeHAauin Ans MiKHapOAHOro
BMKOPUCTAHHS i y LIbOMY CeHCi BUu3HatoTbcs HauioHansHummn Komi-
Tetamu |EC. Xouya onsi 3abesnevyeHHss TOYHOCTi TEXHIYHOrO 3MiCTy
ny6nikauin IEC 6yno BXuTo ycix Moxnueux 3axofis , IEC He moxe
BignoBigaTn 3a Te, AKMM YMHOM BOHW BMKOPUCTOBYIOTLCS, abo 3a
Oyab -sike NMOMUIKOBE TryMayeHHsi Byab-SKMMK KiIHLEBUMU Kopu-

CTyBa4amu.

3 MeTol CrpUsiHHA MiXHapoAHin yHidikauii cTtaHgapTie Hauio-
HanbHi KomiteTn |IEC 30608B’s13yt0TbCsl 3acTOCOBYBaTM My6nikauii
IEC mMakcMmanbHO MOXMMBOK MipOK 3pO3yMIfno y CBOIX HaLjio-
HanbHMX Ta perioHanbHUX BUAaAHHAX. byap-sika po30iXHICTb Mixk
ny6nikauieto IEC Ta BignoBigHow HaujioHanbHo abo perioHarnb-

How nybnikauieto, mae ByTu YiTKO 3a3HayYeHa y OCTaHHiN.

IEC He Hapae »ogHuX nigTBepaKeHb BiAMOBIAHOCTI CBOIM CTaH-
naptam. lNocnyrm 3 ouiHoBaHHA BignoBigHocTi ctaHgaptam IEC
Ta, Yy AesKMX ranyssix, npaBo MapKyBaT BMPOGWU NMO3HauKo Bid-

nosigHocTi ctaHgaptam |[EC HagalTbCa He3anexHUmmn opraHamun
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INTERNATIONAL ELECTROTECHNICAL
COMMISSION

PROTECTION AGAINST LIGHTNING -

Part 1: General principles

FOREWORD

1)

2)

3)

4)

5)

The International Electrotechnical Commission (IEC) is a world-
wideorganization for standardization comprising all national elec-
trotechnical committees (IEC National Committees). The object
of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields.
To this end and in addition to other activities, IEC publishes In-
ternational Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter re-
ferred to as “IEC Publication(s)”). Their preparation is entrusted
to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work.
International, governmental and non-governmental organizations
liaising with the IEC also participate in this preparation. IEC collab-
orates closely with the International Organization for Standardiza-
tion (ISO) in accordance with conditions determined by agreement

between the two organizations.

The formal decisions or agreements of IEC on technical matters
express, as nearly as possible, an international consensus of opin-
ion on the relevant subjects since each technical committee has

representation from all interested IEC National Committees.

IEC Publications have the form of recommendations for interna-
tional use and are accepted by IEC National Committees in that
sense. While all reasonable efforts are made to ensure that the
technical content of IEC Publications is accurate, IEC cannot be
held responsible for the way in which they are used or for any mis-

interpretation by any end user.

In order to promote international uniformity, IEC National Commit-
tees undertake to apply IEC Publications transparently to the maxi-
mum extent possible in their national and regional publications.
Any divergence between any IEC Publication and the correspond-
ing national or regional publication shall be clearly indicated in the

latter.

|IEC itself does not provide any attestation of conformity. Independ-
ent certification bodies provide conformity assessment services
and, in some areas, access to IEC marks of conformity. IEC is not

responsible for any services carried out by independent certifica-



cepTudikauii.

6) Yci kopucTyBadi MaloTb rapaHTyBaTH, L0 BOHW MaroTb OCTAHHE BU-

OaHHA uiel nybnikauii.

7) XopgHa BignosiganbHICTb He NoknagaeTbcs aHi Ha IEC, aHi Ha ix-
HiX KepiBHWKIB, CMiBPOOITHMKIB, Cry>KOOBLIB 41 areHTiB, BKIIOYHO
i3 OKpeMMMU eKkcrnepTamm Ta YneHamm il TEXHIYHUX KOMITETIB Ta
HauioHanbHux KomiteTiB IEC 3a Gyab-sike TiNnecHe YLIKOOXKEHHS,
MOLLUKOXXEHHSI MariHa abo iHLe NOLUKOMKEHHsT Byab-AKoro xa -
pakTepy, sik npsiMe, Tak i onocepefKkoBaHe, Y1 3a BUTPaTH (BKMova-
104N CyOoBi BUTpATK) Ta nnatexi, ski BUHWKaKTb, K HAacMigokK uiel

abo 6yab-siky iHWY ny6nikauito IEC.

8) 3BepraeTbcs yBara Ha HopmaTuBHI nocunNaHHs, HaBeAeHi y LiboMy
BMAaHHI. BukoprcTaHHa 3ragaHux nybnikauin € HeoaMiHHOW yMo-

BOI MPaBUIIbHOMO 3aCTOCYBaHHS Uiel nybnikauii.

9) 3BepTaeTbcs yBara Ha Te, Lo Aesiki enemMeHTy Liei nybnikauii IEC
MOXyTb ByTn npegmeTom nateHTHUX npas. IEC He € 3060B’A3aHUM

BM3HayaTy Byab-sKkmin abo yci Taki BUnagku.

MixHapogHui Ctangapt IEC 62305-1 6yB nigrotosre-
HWI TexHiYHUM komiTeTom 81 MEK: «bnuckaBkosaxmct»

Lle opyre BugaHHsi CKacoBye Ta 3aMiHIOE nepLue BMaaH-
HA, BuaaHe 2006 poky, Ta siBMsie COOO TEXHIYHMIA Ne -
pernsa.

Lle BnoaHHs BkNtoyae B cebe Taki BaXKNUBI TEXHIYHI
3MiHM BiQHOCHO A0 nonepeaHbol peaakuii:

1) BiH Hagani He nokpuBae 3axucT Nocnyr, NnpueaHa-
Hux go Byaisenb (cnopya).

2) I3ontoBanbHi iHTepdericn BBOOAATLCS Y AKOCTI 3a-
XOAiB 3aXUCTy OS89 3MEHLUEHHS BiAMOB enekTpuy-
HUX N €NEKTPOHHMX CUCTEM.

3) Mepwunn HeraTMBHWIA iMNyNbC CTPYMy 3anpoBaj-
XYETbCHA SK HOBWUI napameTp GrnvckaBku 3 METO0
PO3paxyHKiB.

4) OuikyBaHi iMnNynbCHI HAACTPYMU BHACMiAOK cnanaxis
Bnuckasku Oynun 3a3HayeHi GinbLl TOYHO ANs CUC-
TEM HM3bKOI Hanpyry Ta TenekoMyHikauilnHnX cu-
cTeMm.

-11-

62305-1 © IEC:2010

tion bodies.

6) All users should ensure that they have the latest edition of this

publication.

7) No liability shall attach to IEC or its directors, employees, servants
or agents including individual experts and members of its techni-
cal committees and IEC National Committees for any personal in-
jury, property damage or other damage of any nature whatsoever,
whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon,

this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publi-
cation. Use of the referenced publications is indispensable for the

correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of
this IEC Publication may be the subject of patent rights. IEC shall

not be held responsible for identifying any or all such patent rights.

International Standard IEC 62305-1 has been prepared
by IEC technical committee 81: Lightning protection.

This second edition cancels and replaces the first edi-
tion, published in 2006, and constitutes a technical revi-
sion.

This edition includes the following significant technical
changes with respect to the previous edition:

1) It no longer covers protection of services connect-
ed to structures.

2) Isolated interfaces are introduced as protection
measures to reduce failure of electric and elec-
tronic systems.

3) First negative impulse current is introduced as a
new lightning parameter for calculation purposes.

4) Expected surge overcurrents due to lightning
flashes have been more accurately specified for
low voltage power systems and for telecommuni-
cation systems.
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The text of this standard is based on the following documents:

TeKCT UbOro CTaH4apTy CNUMPAETLCS Ha Taki JOKYMEHTHU:

FDIS [Tpotokoin ronocyBaHHs
Report on voting
81/262/ FDIS 81/267/RVD

MoBHY iHpOpMaLilo NMPO ronocyBaHHA LWoA0 3aTBepa-
XXEHHS LbOro cTaHgapTy MOXHa 3HanTK y 3BiTi NPO rono-
CYBaHHS, 3a3Ha4YeHOMY Yy BULLIEHABEAEHIN TabnuLi.

Lito ny6nikauito Oyrno nigrotoBrneHo, sikomMora MOXHa
oinbw B ignosigHo ao Oupektne ISO / IEC, YacTuHa 2.

Cnuncok BCix YyacTuH ctaHgapty cepii IEC 62305, nig 3a-
raribHOl0 Ha3Bol BruMckaBKO3axWUCT, MOXHa 3HaWTV Ha
Bebcawi IEC.

KomiTeT nocraHoBMB, O 3MiCT uiei nybnikauii 3anu-
LWNTbCSA HE3MIHHMM OO 3aBepLUeHHSI CTPOKY Aii, sKu W
3a3HayeHo Ha Beb -canTi IEC Ha cTopiHUi

« http://webstore.iec.ch»

y noni gaTtu, WO CTOCYETbCA KOHKPETHOI nybnikauii. Ha
uto gaty nybnikadito byae:

. NiATBEPAXEHO K TaKy, LLO NPOAOBXKYE OiATH;
. CKaCcoBaHo;

. 3aMiHEHO OHOBMEHMM BMAaHHSAM, abo

. BUMpPaBMEHO.

BuoaHHSa oBOMOBHOI BepCil Liei nydnikauii Moxnuee 3ro-
JOM.

Full information on the voting for the approval of this
standard can be found in the report on voting indicated
in the above table.

This publication has been drafted in accordance with the
ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 62305 series, under the
general title Protection against lightning, can be found on
the IEC website.

The committee has decided that the contents of this pub-
lication will remain unchanged until the stability date indi-
cated on the IEC web site under

"http://webstore.iec.ch"

in the data related to the specific publication. At this date,
the publication will be

. reconfirmed,

. withdrawn,

. replaced by a revised edition, or
. amended.

A bilingual version of this standard may be issued at a
later date.



BCTYN

He icHye npucTpoiB Yn MeToAiB, 34aTHUX 3MIHUTK Mpu-
pOAHi aTMocepHi siBULLLA Tako Mipoto, abu 3anobirtu
BMCHaram bnuckaeku. [1o3eMHi cnanaxu érnvckaeku y 6y-
4ieni (cnopyam) 4n nobnunay Hux (abo niHink, NnpuegHaHnX
0o 6ygisenb (cnopyn) ) € Hebe3nedHUMU Ons Noaen,
ans camux 6ynisenes (cnopyn) , IXHBOro BMICTY i ycTar-
KOBaHH4, a TakoX ANd NiHik. ToOMy iCTOTHUM € BUKOPU-
CTaHHs 3axucTy Big brivckasku.

HeoOxigHicTb 3axucTy, eKOHOMIYHI nepeBarn npu BCTa-
HOBMNeHHi 3acobiB 3axucTy Ta BMOIp agekBaTHUX 3a-
XUCHUX 3acobiB Mae OyTM BM3HAYEHO y TepMiHax Mo-
pSaKyBaHHA pusukamu. [lopsgkyBaHHS pusvkamn €
npegmetom posmsgy IEC 62305-2.

3axucHi 3axogu, ski posrnagatotecs y IEC 62305, € ta-
KNMK, ePEKTUBHICTb SIKUX Y 3HWXKEHHI pU3NKy € aosene-
HOHO.

Yci 3axoam WoOQO0 3axuUCTy Big GnMckaBku yTBOPHOKTH
BCEOXOMSIOYUNIA 3axXMCT Big Onuckaeku. 3 MpakTUYHMX
MipKyBaHb KpuTepii WoA0 MPOEKTYBaHHS, MOHTaxy Ta
TEeXHiYHOro obcnyroByBaHHA 3acobiB 3axucTy Big 6nu-
CKaBKW pO3rMsi4aroTbCs y ABOX OKpEMUX rpynax:

- nepLua rpyna, y sikin naetbcs npo 3acobu 3axmcTy
0N 3MeHLIEHHS (pi3nyHMX pyliHyBaHb Ta Hebes-
nek ans xutTs, nogaHo y IEC 62305-3;

- apyra rpyna, y sikin ngetbcsi Npo 3acobu 3axmcTy
AN 3MEHLUEHHS1 BiOMOB EneKTPUYHUX N enek-
TPOHHMX cucTeM y OyaiBnsax (cnopyaa) , nogaHo y
IEC 62305-4.

3B’a3ok Mix yactTnHamm IEC 62305 nokasaHo Ha PucyH-
Ky 1.
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INTRODUCTION

There are no devices or methods capable of modifying
the natural weather phenomena to the extent that they
can prevent lightning discharges. Lightning flashes to, or
nearby, structures (or lines connected to the structures)
are hazardous to people, to the structures themselves,
their contents and installations as well as to lines. This
is why the application of lightning protection measures is
essential.

The need for protection, the economic benefits of install-
ing protection measures and the selection of adequate
protection measures should be determined in terms of
risk management. Risk management is the subject of
IEC 62305-2.

Protection measures considered in IEC 62305 are

proved to be effective in risk reduction.

All measures for protection against lightning form the
overall lightning protection. For practical reasons the
criteria for design, installation and maintenance of light-
ning protection measures are considered in two separate
groups:

— the first group concerning protection measures to re-
duce physical damage and life hazard in a structure is
given in IEC 62305-3;

— the second group concerning protection measures to
reduce failures of electrical and electronic systems in a
structure is given in IEC 62305-4.

The connection between the parts of IEC 62305 is illus-
trated in Figure 1.
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3arposa 6nuckaBku

The lightning threat

Pun3unk 6nuckaBku

Lightning risk

BrnunckaBkosaxucTt

Lightning protection

3axoaun 3axucTy

Protection measures
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IEC 62305-2

IEC 62305-1

LPS

IEC 62305-3

SPM

IEC 62305-4

PucyHok 1 — 3B’A30K Mix pisHMMu yactuHamu IEC 62305

Figure 1 — Connection between the various parts of IEC 62305

IEC 2612/10



BJINCKABKO3AXUCT

YactuHa 1: 3aranbHi nonoxeHHNA

1 3micT

Lla yactuHa IEC 62305 micTuTb 3aranbHi NpuHLMNK,
AKMX HanexuTb AOTPMMYBaTUCS Y 3axucTi Oydisenb
(cnopyg) Bia GnvckaBkuM , BKIOYHO i3 iXHIM yCTaTKOBaH-
HAM Ta BMICTOM, a TaKOX Nntoaen.

Taki Bunagkv nepebysatoTb Nno3a pamkamm LibOro cTaH-
Aapty:

- 3ani3HnYHI cucTemu;

- aBTOTPAHCMNOPTHI 3acobu, cyaHa, nitaku,
yCTaHOBKM Nno3a Geperowm;

- niaseMHi Tpy6onpoBOAK BUCOKOTO TUCKY;

- TpybonpoBoan, CUMOBI N TENEKOMYHIKaLiAHI MiHil
nosa Gygisnsamu (cnopygamm) .

MPUMITKA: 3a3Buyan Ui cuctemmn nignopsgkoByOTbCSA crnelianbHUM
npaBuniam, WO BCTAHOBMEHI Pi3HUMK cneLlianizoBaHMu agMiHicTpa-

TUBHUMU CTPYKTYpaMun.
2 HopmaTuBHi nocunaHHA

Hwx4yenogaHi noB’si3aHi JOKYMEHTU € O0OO0B’SA3KOBMMU
ONs1 3aCTOCYBaHHSA LbOro AOKYMeEHTy. [Ina gatoBaHuMX
nocunaHb 3acTOCOBYIOTb fMLIE 3a3Ha4YeHe BMAAHHS Ha-
BefleHoro ctaHgapty. [na HegaToBaHMX nocunaHb 3a-
CTOCOBYKOTb OCTaHHE BWAAHHS HaBEAEHOro CTaHOapTy
(3 ycima moro 3amiHamu BKIOYHO).

IEC 62305-2, bnuckaskosaxucm - YacmuHa 2: [NopsiOky-
8aHHs puaukamu

IEC 62305-3, Bbnuckaskozaxucm - YacmuHa 3: ®i3uyHi
pyUHysaHHs 6ydigenb (criopyd) ma Hebesrneka O0nsi Xummsi

IEC 62305-4, briuckasko3daxucm - YacmuHa 4: Enekmpud
Hi ma eniekKmpoHHi cucmemu scepeduHi bydisenb (criopyd)

3 TepmiHu Ta BU3HaYeHHS

[ns noTpeb Luboro 4OKYMEHTY 3aCTOCOBYHTLCA Taki Tep-
MiHM Ta BU3HAYEHHSI.

15- 62305-1 ©IEC:2010
PROTECTION AGAINST LIGHTNING -

Part 1: General principles

1 Scope

This part of IEC 62305 provides general principles to be
followed for protection of structures against lightning, in-
cluding their installations and contents, as well as per-
sons.

The following cases are outside the scope of this stand-
ard:

— railway systems;

— vehicles, ships, aircraft, offshore installations;

— underground high pressure pipelines;

- pipe, power and telecommunication lines placed out-
side the structure.

NOTE These systems usually fall under special regulations produced

by various specialized authorities.

2 Normative references

The following referenced documents are indispensable
for the application of this document. For dated refer-
ences, only the edition cited applies. For undated ref-
erences, the latest edition of the referenced document
(including any amendments) applies.

IEC 62305-2:2010, Protection against lightning — Part 2:
Risk management

IEC 62305-3:2010, Protection against lightning — Part 3:
Physical damage to structures and life hazard

IEC 62305-4:2010, Protection against lightning — Part 4:
Electrical and electronic systems within structures

3 Terms and definitions

For the purposes of this document, the following terms
and definitions, as well as those given in other parts of
IEC 62305, apply.
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3.1

[A03eMHUI crnanax 6yiMcKaBKu

eneKkTpuyHa BUCHara aTMOCHEPHOro MOXOMXKEHHST MiX
Ty4ero Ta 3eMneto, WO cKrnagaeTbes 3 ogHoro abo 6inb-
Wwe ygapis

3.2

HU300iXKHMI cnanax

cnanax 6nuckaBku, iHiLiiOBaHUA HM30DODKHMM Nigepom
Bif Tydi Ao 3emni

MPUMITKA: Hun3obixHMI cnanax cknagaetbCs 3 MepLuoro iMnynbcy,
3a SKMM MOXYTb WTW HacTynHi imnynbcu. Micng ogHoro abo Aekinbkox

iMNynNbCiB MOXe NTW TpuBanu yaap.

3.3

BepXxo6iXkHUI cnanax

cnanax Gnuckaeku, iHiLinoBaHUA BepX0OiKHMM Nigepom
Big y3emneHoi bygisni (cnopyamn) Ao Tyui

MPUMITKA BepxobixHui cnanax cknagaetbCcs 3 NepLuoro KOpoTkoro
yaapy 3 6aratopa3oBumK HaknageHumu imnynscamu abo 6e3 Hux. Mi-

cnsi ogHoro abo AekinbKox iMMynbCiB MOXe WTU TpuBanuin yaap.

3.4

yaap 6nuckaBku

OOMHMYHA erneKkTpuMYHa BUCHara y J03eMHOMY cranaxy
OnuckaBku

3.5

KOPOTKWUW yaap

YyacTuHa cnanaxy brnvckasku, WO BiAMNOBIAAE CTPYMY iM-
nynbcy

MPUMITKA Llen ctpym cnagae [O MOMOBMHM MIKOBOTO 3HAYeHHSA 3a

yac T2, 9KMIn 3a3BMYai € MEHLLUM 3a 2 Mc (amBuck PucyHok A. 1).

3.6

AOBrvu ygap

YyacTuHa cnanaxy 6rnmckaeku, Lo Bignosigae TpyBanomy
CTpymy

MPUMITKA Tpusanictb Tione (4ac Big 10 % 3HaveHHst Ha POHTI Ao
10 % 3HayveHHs Ha cnafi) Lboro TpMBarnoro CTpymy ckrnagae a3suyan

noHag 2 Mmc Ta MeHLe, Hix 1 ¢ ( anBucb PucyHok A. 2).

3.7

6araTopasoBi yaapu

cnanax 6rnmckaBkK, L0 CKagaeTbCcs y cepenHbomy 3 3
- 4 ypapis, 3 TUNOBMM iHTEPBANOM MiXX HAMK 6rmM3bko 50
Mc

MPUMITKA lMoBigomnsanocs Npo sBuLLa, WO CKnaaanucs 3 Kinbkox ae-

CATKIB yAapiB 3 iHTepBanamun Mixk HUMun y mexax Big 10 mc go 250 mc.
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3.1

lightning flash to earth

electrical discharge of atmospheric origin between cloud
and earth consisting of one or more strokes

3.2

downward flash

lightning flash initiated by a downward leader from cloud
to earth

NOTE A downward flash consists of a first impulse, which can be fol-
lowed by subsequent impulses. One or more impulses may be followed

by a long stroke.

3.3

upward flash

lightning flash initiated by an upward leader from an
earthed structure to cloud

NOTE An upward flash consists of a first long stroke with or without
multiple superimposed impulses. One or more impulses may be fol-

lowed by a long stroke.

3.4
lightning stroke
single electrical discharge in a lightning flash to earth

3.5

short stroke

part of the lightning flash which corresponds to an im-
pulse current

NOTE This current has a time Tz to the half peak value on the tail typi-

cally less than 2 ms (see Figure A.1).

3.6

long stroke

part of the lightning flash which corresponds to a continu-
ing current

NOTE The duration time Tione (time from the 10 % value on the front
to the 10 % value on the tail) of this continuing current is typically more

than 2 ms and less than 1 s (see Figure A.2).

3.7

multiple strokes

lightning flash consisting on average of 3-4 strokes, with
typical time interval between them of about 50 ms

NOTE Events having up to a few dozen strokes with intervals between

them ranging from 10 ms to 250 ms have been reported.



3.8

TO4Ka yaapy

TOYKa, y SKin cnanax 6rnmckaBku BOoapsie B 3emnio abo
BUCTYNHY Byaisnto ( cnopyay) (npumipom, Byaisns (cro-
pyaa) , LPS, niHis, oepeBo 1 T. iH.)

MPUMITKA Cnanax 6nunckaBku MOXe MaTu NoHaz, OAHY TOYKY yAapy.

3.9

CTPYM OnuckaBKu

i

CTPyM, LLO NPOXOANUTb Y TouLi yaapy

3.10

nikoBa Benu4ynHa CTpymMy

I

MaKkCMmMalibHe 3Ha4Y€eHHA CTpyMy OnuckaBku

3.11
cepenHsA KpyTiCTb (PPOHTY iMMynbCy CTPYyMy

cepedHsa LWBMAKICTb 3MiHWM CTPyMYy Y MPOMIXKKY 4Yacy
t=t2-t1

MPUMITKA Le Bu3Ha4aeTbes pisHuueto i = i(tz) - i(t1) 3Ha4eHb cTpymy
Ha novaTky Ta HanpuKiHUi LbOro NPOMiXKY, sika AiNUTbCA Ha NMPOMIKOK

yacy t =t 2 - t1 (amBuce PucyHok A.1)

3.12

TpuBanicTb (PPOHTY iMNynbCy CTPyMy

T1

BipTyanbHWUI NapameTp, SKUA BU3HAYAETLCS MHOXEH-
HSAM Ha 1,25 NpOMiXKY Yacy Mixk TouKamu, y Skmx gocsra
etbca 10 % Ta 90 % nikoBOro 3HayYeHHs (aueucb Pucy -
Hok A.1)

3.13

BipTyanbHUIM NoOYaToK iMNyrnbCcy CTPyMy

o1

TOYKa MepeTuHy 3 BiCCIO0 Yacy NpsSMOI MiHil, WO npoxo-
antb onopHumMmun Todkamu 10 % T1a 90 % Ha cpoHTi yaap-
Horo ctpymy ( auBmcb PucyHok A. 1); BoHa Ha 0,1 T1
BUNEpPELKAE TOW MOMEHT, konu cTpyM csirae 10 % cBoro
NiKOBOIO 3HaYEeHHsI

3.14

Yac cnaay iMnNynbCHOro CTpyMy A0 NOSIOBMHHOI Be-
NNYMHU

T2

BipTyarnbHWUI NapameTp, O BU3HAYAETLCS SK NMPOMDKOK
Yyacy Mix BipTyanbHMM novaTtkom O1 Ta MOMEHTOM, KONn
CTPYM cnafa€ A0 MOnoBUHM NIKOBOrO 3Ha4YeHHs (AUBUCH
PucyHok A. 1)
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3.8

point of strike

point where a lightning flash strikes the earth, or protrud-
ing structure (e.g. structure, LPS, line, tree, etc.)

NOTE A lightning flash may have more than one point of strike.

3.9

lightning current

i

current flowing at the point of strike

3.10

current peak value

1

maximum value of the lightning current

3.1

average steepness of the front of impulse

current

average rate of change of current within a time interval
t=to-t1

NOTE lt is expressed by the difference i = i(tz) — i(t1) of the values of the
current at the start and at the end of this interval, divided by the time

interval t = t2— t1 (see Figure A.1).

3.12

front time of impulse current

T1

virtual parameter defined as 1,25 times the time interval
between the instants when the 10 % and 90 % of the
peak value are reached (see Figure A.1)

3.13

virtual origin of impulse current

o1

point of intersection with time axis of a straight line drawn
through the 10 % and the 90 % reference points on the
stroke current front (see Figure A.1); it precedes by 0,1
T1 that instant at which the current attains 10 % of its
peak value

3.14

time to half value on the tail of impulse

current

T2

virtual parameter defined as the time interval between
the virtual origin O1 and the instant at which the current
has decreased to half the peak value on the tail (see
Figure A.1)
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3.15

TpuBanicTb cnanaxy

T

yac, NPOTAroM SKOro CTpym BrivckaBkm Teye TOYKOK yaa-

py

3.16

TpuBanicTb CTpyMy AOBroro yaapy

TLONG

iHTepBan Yacy, NPOTSAroM siKoro CTpyMm y AOBroMy yaapi
€ Mix 10 % NiKOBOro 3Ha4YeHHs, JOKN TpUBANUn CTPyM
HapocTae, Ta 10 % niKoBOro 3Ha4YeHHS MOKU TpUBanui
CTpym cnagae (ausucb PucyHok A.2)
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3apsap cnanaxy

QFLASH

3HaYeHHs, SKe € pes3ynbTaToM iHTEerpyBaHHsS 3a 4acom
CTpymy 6rMCKkaBKM NPOTArOM MOBHOI TPUBANOCTI cnana-
Xy GnvckaBkm

3.18

3apsag imnynbcy

QSHORT

3HAYeHHS, SKe € pe3ynbTaToM iHTEerpyBaHHsS 3a 4acom
CTpyMy Onuckaeku y iMnynbci

3.19

3apsa OoBroro yaapy

QLONG

3HaAYEeHHSA, 9Ke € pesynbraTtoM iHTerpyBaHHs 3a 4Yacowm
CTpyMy Onuckaeku y JOBroMy yaapi

3.20

nuToma eHepris

WIR

3HAYeHHS, sIKe € pe3ynbLTaToM iHTErpyBaHHsS 3a 4acom
KBagpara CTpyMy GrimckaBKu NPOTAroM NoBHOI TpuBaro-
CTi cnanaxy énuckasku

MPUMITKA fAsnsie coboto eHeprito, Ky CTpyM GrvcKaBKu PO3Citoe Y

oAVHWL oropy

3.21

nUTOMa eHepris iMNysIbCHOro CTpymy

3HaAYeHHs, SIKe € pesynbTaToM iHTErpyBaHHS 3a 4acoMm
KBagpara CcTpyMy 6rmckaBku y iMnyrnbCi

MPUMITKA MNutoma eHeprisi 4oBroro yaapy 6nmckaBku € HE3HaYHOH.
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3.15

flash duration

T

time for which the lightning current flows at the point of
strike

3.16

duration of long stroke current

TLONG

time duration during which the current in a long stroke is
between 10 % of the peak value during the increase of
the continuing current and 10 % of the peak value during
the decrease of the continuing current (see Figure A.2)

3.17

flash charge

QFLASH

value resulting from the time integral of the lightning cur-
rent for the entire lightning flash duration

3.18

impulse charge

QSHORT

value resulting from the time integral of the lightning cur-
rent in an impulse

3.19

long stroke charge

QLONG

value resulting from the time integral of the lightning cur-
rent in a long stroke

3.20

specific energy

W/R

value resulting from the time integral of the square of the
lightning current for the entire flash duration

NOTE It represents the energy dissipated by the lightning current in a

unit resistance.

3.21

specific energy of impulse current

value resulting from the time integral of the square of the
lightning current for the duration of the impulse

NOTE The specific energy in a long stroke current is negligible.



3.22

oyaniens (cnopyaa), AKa 3axmLIaETbCA

Oyniens (cnopyda), Ansa skoi € HeoOXiaHMM 3axucCT Big
BMMAMBY BnnCcKaBky y BiANOBIAHOCTI 3 UMM CTaH4APTOM

MPUMITKA Byaisns (cnopyda), sika 3axvLiaeTbesi, Moxe ByTu Yactu-

Hoto BinbLioi 6yaisni (cnopyan).

3.23

niHis

XUBWIbHa NiHis abo TenekoMyHikauiiHa niHis, npueaHa-
Ha oo 6yaieni (cnopyaun), sika 3axmaeTbes

3.24

TenleKOMyHiKauinHi niHii

NiHii, Npu3HayeHi Ansa 3B'A3Ky MK 0BMagHaHHsM, sike
MOXe OyTu po3TalloBaHO Yy OKpemux OyaiBnsx (cnopy-
Jax), gk oT TenedoHHI NiHii Ta NiHii NnepegaBaHHs AaHWX

3.25

XUBUNbHI NiHIT

pO3MoainbHi NiHil, SKi MOCTa4aTb eNeKTPUYHY eHeprito
y Byaisnto (cnopyay) 0O eNeKTPUYHOrO Ta ENeKTPOHHOIO
obnagHaHHs1, pO3MILLEHOrO TaMm, sIK OT eNEKTPUYHI Mepe-
Xi Hn3bkoi Hanpyru (HH) abo Bucokoi Hanpyrm (BH)

3.26

cnanax 6nuckaBku y éyaisnto (cnopyay)

cnanax bnunckaeku, Lo BAapsie y Byaisntio (cnopyay), sika
3axuULLAETbCA

3.27

cnanax 6nuckaBku nobnuay 6yaisni (cnopyam)
cnanax OnuckaBku Tak Gnmu3bko Big Oyaisni (cnopyam),
sIKa 3axMLLaeTbCs, LLO Lie MOXe CNPUYMHUTU Hebe3neyHi
nepeHanpyru

3.28

eJIeKTpu4Ha cuctema

cucrtema, AKa O6’€,Cl,Hy€ Yy cobi KOMMOHEHTN HU3bKOBOJLT-
HOIo eneKkTpoXmnBneHHA

3.29

eneKTpoHHa cuctema

cuctema, sika o6’egHye y cobi YyTnmBi €NEKTPOHHI KOM-
NOHEHTU, SIK OT anaparypa 3B'dA3Ky, KOMM'loTep, NPUCTPOI
KepyBaHHS Ta KOHTPOSbHO-BMMIpIOBarbHi  NPUCTPOI,
paniocncTtemMm, yCTaHOBKM CUOBO| €MEKTPOHIKN

3.30

BHYTPILLHi cuctemun

€NeKTPUYHI Ta enekTPOHHI cucTeMn BcepeauvHi Gyaieni
(cnopyau)
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3.22

structure to be protected

structure for which protection is required against the ef-
fects of lightning in accordance with this standard

NOTE A structure to be protected may be part of a larger structure.

3.23

line

power line or telecommunication line connected to the
structure to be protected

3.24

telecommunication lines

lines intended for communication between equipment
that may be located in separate structures, such as a
phone line and a data line

3.25

power lines

distribution lines feeding electrical energy into a struc-
ture to power electrical and electronic equipment located
there, such as low voltage (LV) or high voltage (HV) elec-
tric mains

3.26
lightning flash to a structure
lightning flash striking a structure to be protected

3.27

lightning flash near a structure

lightning flash striking close enough to a structure to be
protected that it may cause dangerous overvoltages

3.28

electrical system

system incorporating low voltage power supply compo-
nents

3.29

electronic system

system incorporating sensitive electronic components
such as telecommunication equipment, computer, con-
trol and instrumentation systems, radio systems, power
electronic installations

3.30
internal systems
electrical and electronic systems within a structure
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3.31

hisnyHe nowKoMKEHHA

noLukomkeHHs dyaieni (cnopyau) (abo ii BMicTy) BHacni-
[OK MeXaHiyHOoi, TennoBoi, XiMmiyHOT abo BMOYxOBOI Al
OnunckaBku

3.32

YLWKOMKEHHSA XXUBUX iCTOT

kaniuTea abo 3abuTTA nioael abo TBApUH enekTPUYHUM
CTPYMOM Hanpyru SOTUKY Ta KPOKOBOI Hanpyru, Cnpuym-
HEHMX BNMCcKaBKOH.

MPUMITKA Okpim TOro, L0 LLKOAW XMBUM icTOTam Moxe 6yTun 3aBgaHo
iHLUMM LNSXOM, Y Ui YacTuHi IEC 62305 TepMiH «yLUKOOXEHHS XUBUX
icTOT" 0BMEXYETLCSI 3arpO3010 YPaXKEHHSI €NEeKTPUYHUM CTPYMOM (Tvn

ywkomxkeHHst D1)

3.33

30i eNneKTPUYHUX Ta ENEKTPOHHNX CUCTEM
6e3noBOPOTHE MOLUKOMKEHHSI €NEeKTPUYHUX Ta enek-
TPOHHUX cuctem yepes LEMP

3.34

eNeKTpoMarHeTHUN iMnynbc 6rmMcKkaBKu

LEMP

yCi enekTpOMarHeTHi BMMMBKM CTpyMy Onuckaeku pesu-
CTVMBHUM, iHOYKTUBHUM Ta E€MHICHUM 34enfeHHAM, SKi
CMPUYMNHSAOTL NEepeHanpyriu Ta BUMPOMIHHI enekTpomar-
HEeTHi nons

3.35

nepeHanpyra

iMnynbc, ctBopeHun LEMP, koTpun 3’aBnseTbca sk ne-
peHanpyra Ta/abo HaacTpym

3.36

30Ha 3axXUCTy Big 6nMckaBKu

LPZ

30Ha, A5 SKOI enekTpomMarHeTHe JOBKINS GnnckaBkuy €
BU3HAYEHVM.

MPUMITKA Mexamu 30oHu LPZ € He 060B'sI3k0oBO i3unyHi Mexi (npu-

MipoM CTiHK, nignora Ta crens).

3.37

pu3uK

R

BENMMYMHA MMOBIPHOI pPiYHOI BTpaTK (Mogn Ta ToBapw)
Yyepes OrmckaBKy BiQHOCHO 3aranbHOi BENMUYMHK (Nrogu
Ta ToBapwu) bygieni (cnopyaun), gka mae 6yTu 3axuiLeHa
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3.31

physical damage

damage to a structure (or to its contents) due to mechan-
ical, thermal, chemical and explosive effects of lightning

3.32

injury of living beings

permanent injuries, including loss of life, to people or to
animals by electric shock due to touch and step voltages
caused by lightning

NOTE Although living beings may be injured in other ways, in this
standard the term ‘injury to living beings’ is limited to the threat due to

electrical shock (type of damage D1).

3.33

failure of electrical and electronic systems
permanent damage of electrical and electronic systems
due to LEMP

3.34

lightning electromagnetic impulse

LEMP

all electromagnetic effects of lightning current via resis-
tive, inductive and capacitive coupling that create surges
and radiated electromagnetic fields

3.35

surge

transient created by LEMP that appears as an overvolt-
age and/or an overcurrent

3.36

lightning protection zone

LPZ

zone where the lightning electromagnetic environment is
defined

NOTE The zone boundaries of an LPZ are not necessarily physical

boundaries (e.g. walls, floor and ceiling).

3.37

risk

R

value of probable average annual loss (humans or
goods) due to lightning, relative to the total value (hu-
mans or goods) of the structure to be protected



3.38

NpUNYCTUMMUIA PU3UK

RT

MaKcMmarbHa BenuuuHa pusmky, Skuii Moxe 6yt npuny-
LeHun ans dyaieni (cnopyam), sika mae 6yTu 3axuLleHa

3.39

LPL

LPL uncno, nos’ss3aHe 3 HabopoM 3Ha4yeHb NapameTpiB
CTpymy OrnuvckaBku, SKMIW BigMOBi4a€e iMOBIPHOCTI TOro,
O B3AEMONMOB'sI3aHi MakcumMarnbHi i MiHIManbHi 3Ha4YeH-
Hs1 NapaMeTpiB NPOEKTHUX 3Ha4YeHb He OyayTb nepeBu-
LLeHi 3a BriMckaBku, sika CTAHETbCS NPUPOLHUM YUHOM.

MPUMITKA LPL BMKOPUCTOBYETLCS AN NPOEKTYBaHHSA 3ax04iB 3axu-

CTy 3rigHo BignoBigHOMY Habopy napameTpiB CTpymy BnnckaBku.

3.40

3axoau 3axucCTy

3axoau, Sknx mae OyTu BXuTO y Oyaieni (cnopygi), ska
mMae 6yTu 3axuLleHa, abu 3HU3UTU PU3MK

3.4

6rnmckaBKo3axmucTt

LP 3aBeplieHa cuctema gns 3axucty Big 6nunckaBok Oy-
aiBenb (crnopya), i3 iXHIMK BHYTpILWHIMKM cucTeEMamMm Ta
BMICTOM BKIHOMHO,a TaKoX 3 N0AbMW, 3a3BM4all ckna-
paetbesa 3 LPS ta SPM

3.42

cucTtema 3axmucTy Bif GnMckaBku

LPS 3aBepLueHa cuctema, npusHadeHa A5 3MeHLUEHHS
di3nyHNX NOLWKOMKEHb Big yaapis bnunckasku y Byaisnio

(cnopyay).

MPVMITKA BoHa cknagaeTbes i3 30BHILIHbOI Ta BHYTPILLHLOI CUCTEM

3axXUCTY Bif GNCKaBKY.

3.43

30BHILLUHSA cuctema 3axXucTty Bifg GnMckaBKu

yactmHa LPS, aka cknagaeTtbcs 3 cMcTemu nepexonneH-
HA, CUCTEMU OO03EMHUX HpOBi,ClHVIKiB Ta CUCTeMUn 3eMnd-
HOroO 3aKiHYeHHS

3.44

BHYTPILUHA cucTemMa 3axmucTy Big 6rMcKkaBKu
yactmHa LPS, wo cknagaetbca 3 cucTeMu ekBinoTEH-
LiHMX cronyyeHb 3axucTy Big GnnckaBku Ta/abo enek-
TPUYHOI i3onsuii 30BHiWHLOT LPS
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3.38

tolerable risk

RT

maximum value of the risk which can be tolerated for the
structure to be protected

3.39

lightning protection level

LPL number related to a set of lightning current param-
eters values relevant to the probability that the associ-
ated maximum and minimum design values will not be
exceeded in naturally occurring lightning

NOTE Lightning protection level is used to design protection measures

according to the relevant set of lightning current parameters.

3.40

protection measures

measures to be adopted for the structure to be protected
in order to reduce the risk

3.41

lightning protection

LP complete system for protection of structures against
lightning, including their internal systems and contents,
as well as persons, in general consisting of an LPS and
SPM

3.42

lightning protection system

LPS complete system used to reduce physical damage
due to lightning flashes to a structure

NOTE It consists of both external and internal lightning protection sys-

tems

3.43

external lightning protection system

part of the LPS consisting of an air-termination system,
a down-conductor system and an earth-termination sys-
tem

3.44

internal lightning protection system

part of the LPS consisting of lightning equipotential bond-
ing and/or electrical insulation of

external LPS
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3.45

cucTema nepexonsieHHsA

YacTMHa 30BHIiWHbLOI LPS, y sikin BUkopucTaHo Taki meta-
neBi enemMeHTn, K CTPUKHI, CiTkM abo HaTArHeHi Tpocw,
Nnpu3HadeHi 4s NepexonsieHHs cnanaxis 6rmckaBkm

3.46

cucTemMa A03eMHUX NPOoBIAHUKIB

YacTuHa 30BHILWHBLOI LPS, npnsHaveHa ang BigoBeaeHHs
CTpyMy GNuUCKaBKM Bif, CUCTEMU NEPEXONSEHHST 4O CUC-
TeMM 3eMISTHOTO 3aKiHYeHHS

3.47

cucTemMa 3eMNAHOro 3akKiH4eHHs

YacTMHa 30BHIWHLOT LPS, sika npusHavyeHa ons sigse-
AEHHS | po3CitoBaHHA CTpyMy BrimckaBku y 3emni

3.48

30BHILLHi CTPYMOMNPOBiAHI YaCTUHMU

NPOTSKHI MeTanesi KOMMOHEHTH, WO BXOASATb 4o byaisni
(cnopyam), Wo 3axuLiaetbes, abo BUXOQATL i3 Hei, Sk OT
Tpybu, metanesi enemeHTn kabenis, meTanesi Kopobu
TOLLO, SIKi MOXYTb NMPOBOAUTM YaCTUHY CTpyMy Brivckas-
Kn

3.49

€KBIiNOTeHUiNHi cnony4yeHHs GnmMckaBKku

EB

npuegHaHHsa oo LPS BigokpemneHux meTtaneBux 4a-
CTUH, Ge3nocepenHbOo enekTPUYHUMMK 3nyYHnkamm abo
yepes MPUCTPOI 3axUCTy Big IMMYNbCHUX MepeHanpyr,
ONS 3HWKEHHS Pi3HUL enekTpUYHUX NoTeHuianis, cnpu-
YMHEHUX CTPYMOM OriMckaBKu

3.50

3BUYaANHKUA onip 3emrii

BiAHOLUEHHSA amnmiTygHOro 3HaYeHHs Hanpyrm Ha 3em-
NISSHOMY 3aKiH4YeHHi O amMIiTygHOro 3Ha4YeHHs CTpyMy B
y3eMnoBaui, Ski, 3a3Bnyan, He 3biraloTbes y vaci

3.51

3axoawm 3axucty Big LEMP

SPM

3axoau, WO BXMBAKTLCA ONA 3aXUCTY BHYTPILLUHIX CUC-
Tem Big Bnnmey LEMP

MPUMITKA BoHM € 4acTuHO 3aranbHOi cUcTemMun 3axucty Big onu-

CKaBKW.
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3.45

air-termination system

part of an external LPS using metallic elements such as
rods, mesh conductors or catenary wires intended to in-
tercept lightning flashes

3.46

down-conductor system

part of an external LPS intended to conduct lightning cur-
rent from the air-termination system to the earth-termina-
tion system

3.47

earth-termination system

part of an external LPS which is intended to conduct and
disperse lightning current into the earth

3.48

external conductive parts

extended metal items entering or leaving the structure
to be protected such as pipe works, cable metallic ele-
ments, metal ducts, etc. which may carry a part of the
lightning current

3.49

lightning equipotential bonding

EB

bonding to LPS of separated metallic parts, by direct
conductive connections or via surge protective devices,
to reduce potential differences caused by lightning cur-
rent

3.50

conventional earthing impedance

ratio of the peak values of the earth-termination voltage
and the earth-termination current which, in general, do
not occur simultaneously

3.51

LEMP protection measures

SPM

measures taken to protect internal systems against the
effects of LEMP

NOTE This is part of overall lightning protection.



3.52
MarHeTHUM eKpaH
3aMKHEeHW, MeTaneBui, cityacTun, OesnepepBHUI

eKkpaH, Lo oTouye Byaisnto (cnopyay), ska mae 6yTn 3a-
XuiieHa, abo 1i YacTuHY, SKMIA BUKOPUCTOBYETLCA OIS
3MEHLLUEHHS BiOMOB €MeKTPUYHUX N eNeKTPOHHUX CUC-
TEM

3.53

NPUCTPIN 3aXUCTY Bifg iMNyNbCHUX NepeHanpyr

SPD

NPUCTPIN, NpU3HaYeHnn Anst OOMeXeHHs1 nepexiaHnx Ha-
npyr Ta BigBeOEHHS iMMYNbCHUX CTPYMIB; MICTUTb Mpu-
HaMMHI OOMH HENIHINHUIA KOMMOHEHT

3.54

cKkoopaMHoBaHa cuctema SPD

SPD, HanexHo gobpaHi, CkoopaAWHOBaHI 1 BCTAHOBIEHI
y BUrMNSAAI CUCTEMU, MPU3HAYEHO| ANA 3MEHLIEHHS Bia-
MOB €MEKTPUYHMX Ta ENIEKTPOHHUX CUCTEM

3.55

HOMiHanbHa iMNyribCHa BUTPUMyBaHa Hanpyra

uw

iMMynbCHa BUTPMMYBaHa Hanpyra, BCTaHOBMEeHa BUpPO6-
HMKOM Ansi yCTaTKOBaHHsS abo Oro YacTuHM, L0 Xapak-
Tepusye 3as3HayeHy 34aTHICTb NOro isonauil BUTprMyBa-
TV IMNYNbCHI NepeHanpyrun

MPUMITKA [Ona notpe® uboro ctaHgapTy po3rnsgaeTbCs nuille Bu-
TpVYMYyBaHa Harnpyra Mixx NpoBigHWKaMu nig Hanpyroto Ta 3emneto. [IEC
60664-1:2007, Bu3HaveHHs 3.9.2] [1]1

3.56

isontoBanbHi iHTepdencu

NPUCTPOI, 3A4aTHI BMEHLUUTW NepeHanpyrv ranbBaHiYHOro
NOXOOXKEHHS Y NiHisX, sKi BxoaaTe go LPZ

MPUMITKA 1 Bkntoyae isontoBarnbHi TpaHchopmaTopy 3 y3eMeHUm
eKpaHOM M oBMOTKamu, BiflbHi Bif, MeTany BONOKOHHO-OMTUYHI Ka-

©eni Ta i3ontoBanbHi ONTUYHI Napw.

MPUMITKA 2 XapakTepucTukv enekTpuyHOI MiLLHOCTI i3onsuii LmMx npu-
CTPOIB € NPUINHATHUMU ANsi BUKOPUCTAHHSI CamMOCTiNHO abo 3a Jono-

moroto SPD.
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3.52

magnetic shield

closed, metallic, grid-like or continuous screen envelop-
ing the structure to be protected, or part of it, used to
reduce failures of electrical and electronic systems

3.53

surge protective device

SPD

device intended to limit transient overvoltages and divert
surge currents; contains at least one non linear compo-
nent

3.54

coordinated SPD system

SPDs properly selected, coordinated and installed to
form a system intended to reduce failures of electrical
and electronic systems

3.55

rated impulse withstand voltage

Uw

impulse withstand voltage assigned by the manufac-
turer to the equipment or to a part of it, characterizing
the specified withstand capability of its insulation against
overvoltages

NOTE For the purposes of this standard, only withstand voltage be-
tween live conductors and earth is considered. [IEC 60664-1:2007,
definition 3.9.2][1] 1

3.56

isolating interfaces

devices which are capable of reducing conducted surges
on lines entering the LPZ

NOTE 1 These include isolation transformers with earthed screen be-

tween windings, metal free fibre optic cables and opto-isolators.

NOTE 2 Insulation withstand characteristics of these devices are suit-
able for this application intrinsically or via
SPD.
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4 MapameTpu cTpymy GnuckaBKu

MapameTpu cTpymy BrinckaBku, LLIO BUKOPUCTOBYHOTLCS Y
cepii IEC 62305, HaBegeHo y [logaTtky A.

DyHKUi CTPyMY BrMCKaBKM 3aNeXHO BiJ Yacy, Aka BUKO-
PUCTOBYETHLCA 3 METO aHaniady, HaBegeHo y [logaTky B.

BigomocTi npo MogenioBaHHA CTpymy GnvckaBku 3 Mme-
TOI TeCTyBaHHs HaBeaeHo y doaatky C.

basoBi napameTtpu, npu3HadeHi Ans BMKOPUCTAHHA B
naboparopii 4ns MogentoBaHHA BMAMBY ONMcKaBkM Ha
koMmnoHeHTn LPS, HaBegeHo y Jopatky D.

BigomocTi npo nepeHanpyry BHACMigoK GrnMcKaBku y pis-
HMX TOYKax eneKkTpU4HOi CUCTEMU HaBedeHo y [logaTky
E.

5 MowkomkxeHHA Yepe3 GnncKaBKy
5.1 MowkomxeHHsA Oyaieni (cnopyau)

Brnnckaeka, wo BnnuBae Ha Oyaienio (crnopyagy), Moxe
Np13BECTM [0 MOLUKOMKEHb caMoi Oygieni (cnopyan),
Tl MEeLLKaHUiB N BMICTY, 3 BIMOBOK BHYTPILLHIX cUCTEM
BKNHOYHO. [NMOLWKOMKEHHA N BIOMOBM MOXYTb TaKOX Mo-
LUMPIOBATUCS Ha OTOYEeHHs Oyaisni (cnopyaum) Ta HaBiTb
Ha nokanbHe cepeaoBULLE.

5.1.1 BnnuB 6nuckaBku Ha 6yaisnto (cnopyay)

OcHOBHVMMMK xapakTepucTukamu Oygisni (cnopyam), sika
nigoaetbca ail bnunckaekuy, €:

- KOHCTPYKLis (npumipom, OepeBo, uerna, 6eToH,
3ani3o0eToH, cTanesi kapkacK);

- dyHKUis (kuTnoBur ByamHOK, odic, depma, Te-
atp, rotenb, LKona, nikapHs, My3en, LepKBa,
B'AI3HMUS, yHiBepmar, 6aHk, 3aBog, NpoMucrioBa
30Ha, CNOpPTMBHA apeHa);

- MeLlKaHLi Ta BMICT (ntogu 1 TBapyHU, HasIBHICTb
roproYMX N Heropro4vmx martepianis, BUbyxoHebes-
neyHnx 1 BuByxobe3neuHux maTepianie, enek-
TPUYHUX N ENEKTPOHHUX CUCTEM, 3 HMU3bKOK abo
BVCOKOI BUTPMMYBaHO Hamnpyrow);

- npueaHaHi NiHiT CKUBUNbHI NiHii, TENEeKOMYHiKaLin-
Hi niKii, Tpy6onposoam);

- HasaBHi 3acobu 3axucty, abo Ti, WO 3anpoBag-
XyHTbCS (NPUMIPOM, 3acobun 3axmCTy ANS 3MeH-
LUEHHS1 gDi3NYHMX MOLLKOAXKEHb 1 Hebeanekn ans

4 Lightning current parameters

The lightning current parameters used in the IEC 62305
series are given in Annex A.

The time function of the lightning current to be used for
analysis purposes is given in Annex B.

Information for simulation of lightning current for test pur-
poses is given in Annex C.

The basic parameters to be used in laboratories to simu-
late the effects of lightning on LPS components are given
in Annex D.

Information on surges due to lightning at different instal-
lation points is given in Annex E.

5 Damage due to lightning
5.1 Damage to a structure

Lightning affecting a structure can cause damage to the
structure itself and to its occupants and contents, includ-
ing failure of internal systems. The damages and failures
may also extend to the surroundings of the structure and
even involve the local environment. The scale of this ex-
tension depends on the characteristics of the structure
and on the characteristics of the lightning flash.

5.1.1 Effects of lightning on a structure

The main characteristics of structures relevant to light-
ning effects include:

- construction (e.g. wood, brick, concrete, rein-
forced concrete, steel frame construction);

- function (dwelling house, office, farm, theatre,
hotel, school, hospital, museum, church, prison,
department store, bank, factory, industry plant,
sports area);

- occupants and contents (persons and animals,
presence of combustible or noncombustible mate-
rials, explosive or non-explosive materials, electri-
cal and electronic systems with low or high with-
stand voltage);

- connected lines (power lines, telecommunication
lines, pipelines);

- existing or provided protection measures (protec-
tion measures to reduce physical damage and life
hazard, protection measures to reduce failure of



XWTTS, 3aCObM 3aXUCTy ONSA 3MEHLUEHHS BiAMOB
BHYTPILLUHIX cCUCTEM);

Mexi nowmpeHHsa Hebesnekn (byaisna (cnopyaa) 3
YTPYAHEHOK eBakyalieto abo byaiena (cnopyaa),
B SKii MOXXe BMHUKHYTW naHika, byaisnsa (cnopy-
[4a), WO CTaHOBUTb Hebe3neky A5s OTOYeHHs, by-
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internal systems);

scale of the extension of danger (structure with dif-
ficulty of evacuation or structure where panic may
be created, structure dangerous to the surround-
ings, structure dangerous to the environment).

aiBnsa (cnopyga), Wo CTaHoBUTb Hebesneky ansi
OOBKInns).

Table 1 reports the effects of lightning on various types
of structures.

Tabnuusa 1 noBigomnsie Npo Aito GrnnmckaBky Ha PisHi TUNK
Oynisenb (cnopyn).

Ta6bnuus 1 - Bnnue 6nuckaBky Ha TUNoBi byaiBni (cnopyan)

Table 1 — Effects of lightning on typical structures

Lis 6rnuckaBkn

Effects of lightning

Tun 6yaisni (cnopyau) BignoBigHO
[0 Npu3HavyeHHA Ta/abo BMicTy

Type of structure according to
function and/or contents

Kutnosun 6yanHok MpoGilt enekTpUYHMX YyCTAHOBOK, NOXeXa Ta MOLLUKOAXKEHHS MaTepianis

MoLukoaxeHHs, 3a3Bnyan obmexyTbes byaiBnaMu (cnopyaamm), Ski € y Toudui yaapy, abo € Ha
LUNSIXY CTPYMy GrncKaBku.

BigmoBa enekTpuyHOro v enekTpoHHOro obrnagHaHHS Ta BCTAHOBIEHUX CUCTEM (MPUMIPOM,

Tenesi3opu, KOMM'LOTEPU, MOAEMM, TENEOHM TOLLO)

Dwelling-house

Puncture of electrical installations, fire and material damage

Damage normally limited to structures exposed to the point of strike or to the
lightning current path

Failure of electrical and electronic equipment and systems installed (e.g. TV
sets, computers, modems, telephones, etc.)

Hacamnepes, puauk noxexi Ta HeGeaneyHol KpOKOBOI HaNpyr1, a TakoX MOLUKOMXKEHHSI MaTepiarnis
OKpiM TOro, PU3UK MPUMUHEHHS ENeKTPornocTadaHHs 1 Hebeaneka AN XUTTS TBApUH BHACMILOK

CinbcbKkorocnogapcbka cropyaa

Farm building ’ : 4 4
BiZIMOBM €NEKTPOHHMX CUCTEM KEPYBaHHS BEHTUNALE, NOAAYi KOPMIB TOLLO
Primary risk of fire and hazardous step voltages as well as material damage
Secondary risk due to loss of electric power, and life hazard to livestock due to
failure of electronic control of ventilation and food supply systems, etc.
Teatp [MoLLKOAXKEHHS ENEKTPUYHKX YCTaHOBOK (MPUMIPOM, NeKTPUYHOrO OCBITIIEHHST) MOXe NPU3BECTH A0
FoTens naHiku
LLkona BigMoBa noxexxHoi curHanisauii, Wo Npu3BoauTb A0 3ani3HEHHS BXUTTS 3axoaiB 60poTbom 3
. NoXexXer
YHiBepmar

CropTMBHa 30Ha Damage to the electrical installations (e.g. electric lighting) likely to cause panic

Theatre Failure of fire alarms resulting in delayed fire fighting measures

Hotel

School
Department store
Sports area

BaHk Sk 3a3HayeHo BuLLe, Noc Npobnemu BHacnigok BTpaTy 3B'A3Ky, BiAMOB KOMM'tOTEpIB Ta BTpaT

CTpaxoBa KoMMaHisi Aannx

ToprosenbHa KOMMaHis Towo
Bank

Insurance company
Commercial company, etc.

As above, plus problems resulting from loss of communication, failure of
computers and loss of data

TlikapHs Sk 3a3Ha4YeHo BuLLE, NC NPOGIeMU, LLO BUHUKAOTb i3 XBOPUMMU, Ta YTPYAHEHHS MOPSATYHKY
ByauHOK Ans nioaelt Moxmmoro siky nogen, nepeMilleHHs SKnx obMexxeHo

B'asHuus As above, plus problems of people in intensive care, and the difficulties of

Hospital rescuing immobile people

Nursing home
Prison
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List 6rickaBkun

Effects of lightning

Tun 6yaieni (cnopyau) BignosigHo
[0 Npu3HaveHHs Ta/abo BMicTy

Type of structure according to
function and/or contents

[Mpomucnosictb

Industry

age and loss of production

[opaTkoBi BNAMBY 3anexHo Big BMICTY NiANPUEMCTB, O NPU3BOAUTL [0 MOLUKOAXEHb: Bif NErkmx
[0 TakuX, WO € HEeNPUNHATHUMMK, Ta BTpaTa NpoayKLuii

Additional effects depending on the contents of factories, ranging from minorto unacceptable dam-

My3sei 1 apxeonoriyHi MagaH4nkm

BTpata KynbTypHOi cnagluHu, Ky He BiGHOBUTU

Telecommunication
Power plants

Hepkea Loss of irreplaceable cultural heritage

Museums and archaeological site

Church

TenekomyHikauii HenpuinHATHI BTpaTu MOXIMBOCTI HaAaHHS TPOMaAChKMX MOCyr
EnektpocTaHuii

Unacceptable loss of services to the public

3aBop BMpOGiB Anst heepBepkiB
Mignpuemctso 3 BUNycky 6oenpunacis

Firework factory
Munitions works

Hacnigku noxexi Ta Bubyxy Anst nignpvemcTea Ta Ans AOBKiNs

Consequences of fire and explosion to the plant and its surroundings

XimiyHWURn 3aBoA
HadbronepepobHuii 3asoq rnobanbHOro AOBKINMs
ATOMHa enekTpocTaHLis

BioximiuHi na60paTop|l Ta 3aBoau and global environment

Chemical plant
Refinery
Nuclear plant

Biochemical laboratories and plants

Moxexa # HeBignoBigHe yHKLUiOBaHHSA NiANPYEMCTBA 3i 3aryGHMMU HacnigKkaMm Ans noKanbHoro i

Fire and malfunction of the plant with detrimental consequences to the local

5.1.2 [xepenai TWNu nowkomxeHb GyaiBni
(cnopyam)

CTpyM Onuckaeku € DykeperioM NOLLKOAXKEHb. Taki cuTy-
auii HanexuTb 6paTn 4o yBaru, 3anexHo Bifg NOMOXEHHS
TOuKM yaapy woao Oyaisni (cnopyau), Ska po3rnsgaceTb-
cs:

a) S1: cnanaxu 6nnckaBku y Bygiento (cnopyay),

b) S2: cnanaxu 6nuckaBku nobnuay Gyaieni (cnopy-
An),

c) S3: cnanaxm 6rnMckaeku y niHito,
d) S4: cnanaxm bnunckaeky NOGM3y niHii.

a) Cnanaxu 6nuckaBku y 6yaiBnio (cnopyay) MOXyTb
CNPUYUHUTU:

- Be3nocepenHe MexaHiYHEe YLUKOMKEHHS, MOXEXY
Ta/abo BMOyX BHACIMiZOK BMCOKOI Temnepartypu
nnasmu camoi ayrv 6rnMckasku, BHACMigoK CTPyMY,
KM NPU3BOANTL 40 OMIYHOro HarpiBaHHS NpPoBia-
HUKIB (NeperpiTi NpoBiaHMKKN), abo 4epes3 Oyrosy
epo3ito (BMKMA 4aCTOK pO3TOMEHOro MeTany);

5.1.2 Sources and types of damage to a structure

The lightning current is the source of damage. The fol-
lowing situations shall be taken into account, depending
on the position of the point of strike relative to the struc-
ture considered:

a) S1: flashes to the structure;
b) S2: flashes near the structure;
c) S3: flashes to the lines connected to the structure;

d) S4: flashes near the lines connected to the struc
ture.

a) Flashes to the structure can cause:

- immediate mechanical damage, fire and/or explo-
sion due to the hot lightning plasma arcitself, due
to the current resulting in ohmic heating of con-
ductors (over-heated conductors), or due to the
charge resulting in arc erosion (melted metal);



- noxexa ta/abo BuOYyX, iHiUinoBaHi ickpamu, crnpu-
YMHEHUMWU MepeHanpyramu, SKi € pesynsratoMm
PE3NCTUBHUX Ta IHOYKTUBHUX 34enrieHb, Ta npo-
TiKaHHs1 YaCTUHKU CTPyMiB Bnnckasku);

- YLIKOMKEHHSA KMBMX ICTOT Bif YpaXKeHHs enek-
TPUYHMM CTPYMOM 4Yepes Hanpyry AOTKKY i KPOKO-
BY Harmpyry, sik pe3ynstaT pe3ucTMBHUX Ta iHAYK-
TUBHMX 34€nrieHb;

- BigMoBa abo 306in y poOOTi BHYTPILUHIX CUCTEM
BHacnigok LEMP.

B) Cnanaxu 6nuckaBku no6nusy 6yaisni (cnopyam)
MOXYTb CMPUYUHUTM:

- BigMoBYy abo 36ii y poboTi BHYTPILWHIX cUCTEM
BHacnigok LEMP.

c) Cnanaxu 6nuckaBku y niHii, npuegHaHi go oyaisni
(cnopyam), MOXYTb CIPUYUHUTK

- noxexy Ta/abo BMOyX, iHiLinoBaHi ickpamu, cnpu-
YMHEHUMW NepeHanpyramv n cTpymamm brnmckas-
Kun, nepegaHuMn Yepes npuegHaHi niuir;

- YLWKOMXEHHS XMBUX iCTOT BiJ YpaKeHHs enek-
TPUYHMM CTPYMOM Yepes Hanpyry AOTUKY Bcepe-
OunHi Byaisni (cnopyaum), CNpUYMHEHY CcTpymamu
OnuckaBku, nepegaHnMmn Yepes NpueaHaHi niii;

- BigMoBy abo 36i y poboTi BHYTPILWHIX cucTeEM
BHACNIAOK NepeHanpyr, Wo BUHNKAKTb Ha Npuea-
HaHMX NiHiAX Ta nepegatoTbeca Jo Byaieni (cnopy-
an).

d) Cnanaxu 6nuckaBku no6nu3y niHin, NnpMeaHaHnX
Ao byaisni (cnopyam), MOXyTb CIPUYMHUTH:

- BiomMoBy abo 36in y poboTi BHYTPILLHIX cucTem
BHaCnIiAOK nepeHanpyr, iHAyKoBaHUX Ha NpueaHa-
HUX NiHiSX | NnepegaHux go dyaieni (cnopyawn).

MPUMITKA 1 36in y poboTi BHYTPILIHIX CUCTEM HE OXOMMIETLCS
cepieto IEC 62305. Juucs IEC 61000-4-5 [2].

MPUMITKA 2 Nuwe Ti ickpy, SkuMmn e cTpym BnvckaBku (HacTKOBUIA

abo NoBHWUIN) pO3rNaQaTbCs, SK Taki, LWO 3AaTHI CIPUYUHUTI NOXEXY.

MPUMITKA 3 Cnanaxwu 6nuckasku, 6e3nocepeaHbo y Tpy6onposoam
abo nobnuay HKX, He CMPUYMHSIOTL MOLLKOAXEHHS Oyaieni (cnopyam)
3a YMOBM, LLIO X NpUeaHaHo A0 cronyyHoi WwuHu Byaisni (cnopyam) (an-
Bucb IEC 62305-3).

Takum YnHom, brimckaBka MoXxe CMNPUYNHNTU TPU OCHOB-
Hi TUMNX NOLUKOOKEHb:
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- fire and/or explosion triggered by sparks caused
by overvoltages resulting from resistive and induc-
tive coupling and to passage of part of the light-
ning currents;

- injury to living beings by electric shock due to step
and touch voltages resulting from resistive and in-
ductive coupling;

- failure or malfunction of internal systems due to
LEMP.

b) Flashes near the structure can cause:

- failure or malfunction of internal systems due to
LEMP.

c) Flashes to a line connected to the structure can
cause:

- fire and/or explosion triggered by sparks due to
overvoltages and lightning currents transmitted
through the connected line;

- injury to living beings by electric shock due to touch
voltages inside the structure caused by lightning
currents transmitted through the connected line;

- failure or malfunction of internal systems due to
overvoltages appearing on connected lines and
transmitted to the structure.

d) Flashes near a line connected to the structure can
cause:

- failure or malfunction of internal systems due to
overvoltages induced on connected lines and
transmitted to the structure.

NOTE 1 Malfunctioning of internal systems is not covered by the IEC
62305 series. Reference should be made to IEC 61000-4-5 [2] .

NOTE 2 Only the sparks carrying lightning current (total or partial) are

regarded as able to trigger fire.

NOTE 3 Lightning flashes, direct to or near the incoming pipelines, do
not cause damages to the structure, provided that they are bonded to
the equipotential bar of the structure (see IEC 62305-3).

As a result, the lightning can cause three basic type of
damage:

62305-1 © IEC:2010
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- D1: yLIKOAXEHHS XKMBUX ICTOT Bif YpaXKeHHS enek-
TPUYHUM CTPYMOM;

- D2: pisnyHe nowkogkeHHs (noxexa, Bubyx, me-
XaHiYHe pyMHYBaHHS, XiMiYHUI BUKMZ) BHACNILOK
BMMMBY CTPYMy BriMckaBKK, 3 iCKPIHHAM BKITHOYHO;

- D3: BigMoBa BHyTpiLLHiX cucTem BHacnigok LEMP.
5.2 Twnu BTpaTt

KoxeH 3 TuniB NOLUKOMKEHb, WO CcTocyloTbCcA Oyaisni
(cnopyawn), nooauHui abo y NoeAHaHHI 3 iHLWMMK, MOXYTb
CMPUYMHUTI Pi3HOMaHITHI NOBaHi BTpaTu. Tunu BTpaT
MOXYTb BMHUKHYTU 3anexHo Bif XapakTepucTuk camoi

Oygisni (cnopyaw).

Onsa notpeb IEC 62305, po3rnagalTsCs HACTYMHI TUMK
BTPAT, SIKi MOXYTb BUHUKHYTH, SIK HAcnigok Hebesanek, Lo
cTocytoTbesa byaisni (cnopyan):

- L1: BTpaTa NoACbKOro XuTTa (3 TMMYacOBOK iH-
BanigHiCTIO BKIOYHO);

- L2: BTpaTa rpomMagCbKux Nocnyr;
- L3: BTpaTa KynbTypHOro HagbaHHs;

- L4: BTpaTta ekoHOMIYHOT BapTOCTi (ByaiBns (cnopy-
na), ii BMIiCT Ta BTpaTta akTMBHOCTI).

MPUMITKA Onsa notpe6 IEC 62305, nuwe Taki KOMyHanbHi nocnyrm
sk ras, Boga, TenebadeHHs1 (3okpemMa, kabenbHe Y CynyTHUKOBE) Ta

enekTPOeHeprisi po3rnsAarTbCs y AKOCTi (POMAACHLKUX MOCHYT.

Btpatu Tunie L1, L2 Ta L3 MOXyTb po3rnsgaTucs, gk co-
LianbHO 3HauyLli, Toai g9k Tuny L4 moxyTb po3rngaatu-
C4, 9K YNCTO EKOHOMIYHI BTpaTH.

Mpo 3B’A30K MiX mKepernom Hebesneku, TMnomMm Hebesne-
K1 Ta BTPaTO MOBIAOMNSAETbCA y Tabnuui 2.

- D1: injury to living beings by electric shock;

- D2: physical damage (fire, explosion, mechani-
cal destruction, chemical release) due to lightning
current effects, including sparking;

- D3: failure of internal systems due to LEMP.
5.2 Types of loss

Each type of damage relevant to structure to be pro-
tected, alone or in combination with others, may produce
different consequential loss. The type of loss that may
appear depends on the characteristics of the structure
itself.

For the purposes of IEC 62305, the following types of
loss, which may appear as consequence of damages rel-
evant to structure, are considered:

- L1: loss of human life (including permanent injury);

- L2: loss of service to the public;
- L3: loss of cultural heritage;

- L4: loss of economic value (structure, its content,
and loss of activity).

NOTE For the purposes of IEC 62305, only utilities such as gas,water,

TV, TLC and power supply are considered service to the public.

Losses of type L1, L2 and L3 may be considered as loss
of social values, whereas a loss of type L4 may be con-
sidered as purely an economic loss.

The relationship between source of damage, type of
damage and loss is reported in Table 2.
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Tabnuua 2. He6e3neku Ta BTpaTu, AKi cTocyoTbeA 6yaisni (cnopyau) BianosigHo
[0 Pi3HUX TOYOK ypaXkeHHs1 GNMcKaBKOO

Table 2 — Damage and loss relevant to a structure according to

different points of strike of lightning

Touka ypaxeHHsA [>xepeno nowkKomKeHHA | TN NOLKOMKEHHA Tun BTpaTn
Point of strike Source of damage Type of damage Type of loss
/\< D1 L1, L4®
Bygisns (cnopyaa)
Struct — — S1 D2 L1, L2, L3, L4
tructure
] D3 L1°, L2, L4
Mo6nuay byaisni
cnopyamn b
(cnopyan) — — S2 D3 L1, L2, L4
Near a structure |:|
Ninis, npueaHaHa go D1 L1, L4°
6yanisni (cnopyawn)
S3 D2 L1,L2, L3, L4
Line connected to the b
structure D3 L1, L2, L4
Mo6nuay niHii - b
S4 D3 L1, L2, L4
Near a line
? Nuiwe Ans rocnoaapeTs, SIKWWO MOXMBA 3arvGenb TBapHH ...
Only for properties where animals may be lost...
b Jlvwe ans cnopya 3 pyuankoM BMOYXy Ta AN MeAUYHMX 3aknagis abo iHwux Byaisens (cnopya), Ae BiAMOBa BHYTPILLHIX CUCTEM CMIPUYMHSIE
6e3nocepeaHto 3arposy MoACLKOMY XUTTIO
Only for structures with risk of explosion and for hospitals or other structures where failure of internal systems
immediately endangers human life.
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Twunu BTpaT 3aneXHO Big TUMIB NOLUKOAXEHb Ta BignoB.ia-
HUX PU3NKIB MOKa3aHO Ha PucyHky 1

Types of loss resulting from types of damage and the
corresponding risks are reported in Figure 2.

KOMY XXWUTTHO.

Puank Puank Pu3ank Puank
Risk Risk Risk Risk
R1 R2 R3 R4
BrpaTta Brpata
BTtpata KYINbTYPHO- L
P rpoMajceb- yneryp EKoHOMIuHI
JIOACBbKOro KUX nocnyr ro
KUTTS L : Hag6aHHs BTpatM
0Ss 0
Loss of hu- service to- Loss of Loss of
man life the pub“c cultural economic
heritage values
Ywkon- DiznyHi Biomosa DiznyHi BiamoBa Di3nyHi Ywkopn- Di3nyHi Biomoa
KEHHS noLuKoa- BHYTpILL- noLukoa- BHYTpILL- noLuKoA- KEHHS nowukoa- BHYTpILL-
KUBUX JKEHHS! HiX cucTem XKEeHHS! HiX cuctem JKEHHS1 KUBUX YKEHHS HiX cucTem
ICTOT BIA Physical Failure of Physical Failure of Physical ICTOT BIA Physical Failure of
yPaxeHHA damage internal damage internal damage ypaxeHHA damage internal
EeneKkTpu4- systems systems eneKkTpny- systems
HUM HUM
CTPYMOM CTPYyMOM
Injury Injury
to living to living
beings by beings by
electric electric
shock shock

Jlvwe ans megnyHuUx 3aknagis Ta iHWKX Byaisens (cnopya), Ae BiAMOBa BHYTPILLHIX CUCTEM CMPUYMHSIE Be3nocepenHto 3arpo3y Mach-

Only for hospitals or other structures where failure of internal systems immediately endanger human life.

JNnwe ans rocnoaapcTs, AKLWO MOXINBA BTpaTa TBAPUH.
Only for properties where animals may be lost.

PucyHok 2 - Tunu BTpaT Ta BigNoBigHI pU3MKK 3aneXHOo Bif Pi3HUX TUNIB NOLWKOAXKEHb

Figure 2 — Types of loss and corresponding risks resulting from different types of damage

6 HeoOxigHicTb Ta eKOHOMiYHe OGr'pyHTyBaHHA 3a-
XUCTY Bif 6rmMckaBku

6.1 HeoOxigHicTb 3axMUCTy Big 6nMckaBKu

HanexuTtb ouiHuTK HEeOBXigHICTb 3axMCTy Big GrickaBku
Oygieni (cnopyam), abu 3aMeHWnTK couianbHi BTpatn L1,
L2 ta L3.

[nsa Toro, abu ouiHUTK, NoTPibGeH Yn Hi 3axucT Big Onu-
ckaBku Oyaieni (cnopyam), HanexuTb 30INCHAUTU OLiHIO-
BaHHS PM3KMKY BigNoBigHO A0 npoueayp, BMiweHux y IEC
62305-2. HanexuTb B35TK 00 yBaru Taki pusuku Bigno-
BiHO 0O TUNIB BTpaT, 3a3Ha4YeHnx y 5.2:

- R1 : pu3uk BTpaT NOACLKOro XUTTst abo TMM4yaco-
BOI iHBanigHOCTI;

6 Need and economic justification for lightning
protection

6.1 Need for lightning protection

The need for the lightning protection of a structure to be
protected in order to reduce the loss of social values L1,
L2 and L3 shall be evaluated.

In order to evaluate whether or not lightning protection of
a structure is needed, a risk assessment in accordance
with the procedures contained in IEC 62305-2 shall be
made. The following risks shall be taken into account,
corresponding to the types of loss reported in 5.2:

- R1: risk of loss or permanent injury of human life;



- R2: pusuk BTpaTtn rpoMafCcbKUX NOCyr;
- R3: pUsuK BTpaTtu KynbTypHOro HagbaHHs.

MPUMITKA 1 Pu3unk R4 HaneXxuTb OUIHUTU pU3UK EKOHOMIYHUX BTpaT
y pasi HeoOXigHOCTi eKOHOMIYHOro OBr'pYHTYBaHHSI 3axuCTy Big 6nu-

ckaBku (ouB. 6.2).

3axucT Big 6rnmMckaBkM € HEOOXiAHMM, SKLWO pu3nK R (Big
R1 0o R3) € BMWMM 3a NpunyCcTUMUA piBeHb RT

R>RT

Y ubOMy BMNaAKy HanexuTb BXUTW 3aX04iB 3aXUCTy ANs
3HWKeHHSA pu3nky R (Big R7 o R3) [o npunycTMmoro
piBHa RT

R <RT

Akwo BMHUKAE noHag ogvH Tun BTpaT, ymoBa R < RT
Ma€ 3a40BONbHATUCS AN KokHoro Tuny BTpat (L1, L2
Ta L3).

BenunumHu gonyctMmoro piBHA pusnky RT , Konu Onu-
CKaBka MOXe CTaTu MPUYMHO BTpaT coLliarnibHOro 3Ha-
YEHHSs1, BCTAHOBMNIOKTHCS KOMMNETEHTHUM HaLliOHanbHUM
OpraHom.

MPUMITKA 2 YnoBHOBaXkeHWUIN OpraH MOXe BCTaHOBMOBATU Heob-
XiOHICTb 3axucTy BiA GnuckaBKM ANs KOHKPETHUX 3acTocyBaHb 06e3
HeOoOXiQHOCTI OUiHIOBaHHSA pU3uKy. Y uMx Bunagkax HeobxigHum LPL
BCTaAHOBIIOETLCS YNOBHOBAXXEHMM OpraHoM. Y Aesikux Bunagkax oui-
HIOBaHHS pM3KKy Moxe OyTW BUKOHAHO SIK MpoLeaypa, Lo BCTaHOBIOE

BiOMOBY BiJ LIMX BUMOT.

MPUMITKA 3 JoknagHi BiAOMOCTI 3 OLiHIOBaHHSI pU3nKy Ta npoueayp
BMOOpy 3axoAiB 3axmcTy HaBeaeHo y IEC 62305-2.

6.2 EkoHOMiYHe OGrpyHTyBaHHs 3axucTy Big 6nu-
CKaBKM

Okpim ouiHIOBaHHS HEOOXIOHOCTI 3axMCTy Big Onckasku
Oygieni (cnopyawn), ska nigndrae 3axucty, moxe ByTtu ko-
PUCHUM OLIHUTM €KOHOMIYHI BUFOAW Bif BXUTTS 3aXOAiB
3axXUCTy ANS 3HWKEHHS EKOHOMIYHUX BTpaT L4.

Y uboMy BMNaAKy HeOOXigHO OUIHUTU pU3NK R4 eKoHO-
MiyHuX BTpat. OuiHIOBaHHA pu3uKy R4 [o3sonsie npoa-
Hani3yBaTh BapTiCTb €KOHOMIYHMX BTpaT 3a HasiBHOCTI
3acobiB 3axucTy Ta 6e3 HuXx.
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- R2: risk of loss of services to the public;
- R3: risk of loss of cultural heritage.

NOTE 1 Risk R« risk of loss of economic values, should be assessed
whenever the economic justification of lightning protection is considered
(see 6.2).

Protection against lightning is needed if the risk R (R7 to
R3) is higher than the tolerablelevel RT

R>RT

In this case, protection measures shall be adopted in
order reduce the risk R (R1 to R3) to the tolerable level
RT

R <RT

If more than one type of loss could appear, the condition
R < RT shall be satisfied for each type of loss (L1, L2
and L3).

The values of tolerable risk RT where lightning could
result in the loss of items of social value should be under
the responsibility of a competent national body.

NOTE 2 An authority having jurisdiction may specify the need for
lightning protection for specific applications without requiring a risk
assessment. In these cases, the required lightning protection level will
be specified by the authority having jurisdiction. In some cases, a risk
assessment may be performed as a technique by which to justify a

waiver to these requirements.

NOTE 3 Detailed information on risk assessment and on the procedure

for selection of protection measures is reported in IEC 62305-2.

6.2 Economic justification of lightning protection

Besides the need for lightning protection for the structure
to be protected, it may be useful to evaluate the economic
benefits of providing protection measures in order to
reduce the economic loss L4.

In this case, the risk R4 of loss of economic values
should be assessed. The assessment of risk R4 allows
for the evaluation of the cost of the economic loss with
and without the adopted protection measures.

62305-1 © IEC:2010
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3axucT Big bnuckasBku € peHTabenbHUM, SKLLO cyma Bap-
TOCTi CRL 3an1LLKOBMX BTPAT 3@ Y>KUTTSA 3aX0[iB 3aXUCTY
Ta BapTocTi CPM 3acobiB 3aX1CTy € MEHLLOK 3a BapTiCTb
CL 3aranbHux BTpaT 6e3 y>XMTTHA 3ax0ofiB 3axuCTy:

Lightning protection is cost effective if the sum of the
cost CRL of residual loss in the presence of protection
measures and the cost CPM of protection measures is
lower than the cost CL of total loss without protection
measures:

CRL +CPM <CL

NMPUMITKA [oknagHi BigOMOCTI WOAO0 OLiHIOBaAHHA €KOHOMIYHOI A0-

LinbHOCTI 3axuMcTy Big 6nuckasku HaBegeHo y IEC 62305-2.
7 3axoau 3axmucTty
7.1 3aranbHi NONOXeHHs

3axoam 3axmcty Moxe ByTu 3aCTOCOBaHO ANSA 3HWKEH-
HS PU3KKY BigNOBIAHO A0 TUMNY MOLUKOOKEHHS.

7.2 3axoam 3axuCTy ANA 3MEHLUEHHA 3arpo3u Ans
XWUTTA BHACNIAOK Aiil eNeKTPUYHOro cTpymy

MoxxnuBi 3axoam 3axMCTy BKIHOYaKOTh:

- BigNOBigHE i30MOBaHHS CTPYMOMPOBIAHMX 4a-
CTWH, OOCTYMHMX AN OOTUKY;

- eKBinoTeHLjiani3aLis 3a JONOMOror ciT4acTol cuc-
TEMU Y3EMIEHHS;

- di3nYHi 0BMEXEHHS 11 NonepeXyBarnbHi HAaNUCK;
- €KBINOTEHUiNHI cnonyyeHHs brnuckaskun (EB).

MPUMITKA 1 3piBHIoBaHHA noTeHUianiB Ta 36iNblUeHHS KOHTaKTHOro
ornopy NoBepxHi 3emni BcepeauHi Ta 30BHi ByaiBni (Cnopyamn) MoxyTb

3HM3NTU Hebe3neky Ans xuTTsa (aue. Posain 8 IEC 62305-3:2010).

MPUMITKA 2 3axoau 3axucty € edekTMBHUMU nuiue y 6yaisnsax (cro-

pynax), 3axuiueHux LPS.

MPUMITKA 3 BukopucTaHHsi 4ETEKTOPIB rPO3u Ta BXUTTS Nonepeaxy-

BasfbHUX 3axoaiB MOXYTb 3HU3UTU He6e3ne|<y ANa XUTTA.

7.3 3axogu 3axucty Ans 3anobiraHHs ¢isnvyHoMy
MOLIKOAXKEHHIO

Baxuct 3abesnedyyeTbCcad CUCTEMOK 3axMCTy Big 6nu-
ckaBku (LPS), sika Bkntoyae y cebe Taki ocobnmsocTi:

- CUCTEMY NEPEXONIIEHHS;
- CUCTEMY A03EMHUX MNPOBIOHWKIB,;
- CUCTEMY 3EMMSTHOTO 3aKiHYEHHS;
- €KBINOTeHUinHi cnonyyeHHsa 6nuckasku (EB);

- enekTpuyHe i3ontoBaHHS (i, OTXXe, po3ainbHy Bia-
CTaHb) Bif 30BHIiLWLHBOT LPS.

NOTE Detailed information on the evaluation of economic justification

of lightning protection is reported in IEC 62305-2.
7 Protection measures
7.1 General

Protection measures may be adopted in order to reduce
the risk according to the type of damage.

7.2 Protection measures to reduce injury of living
beings by electric shock

Possible protection measures include:

- adequate insulation of exposed conductive parts;

- equipotentialization by means of a meshed
earthing system,;

- physical restrictions and warning notices;
- lightning equipotential bonding (EB).

NOTE 1 Equipotentialization and an increase of the contact resistance
of the ground surface inside and outside the structure may reduce the
life hazard (see Clause 8 of IEC 62305-3:2010).

NOTE 2 Protection measures are effective only in structures protected
by an LPS.

NOTE 3 The use of storm detectors and the associated provision taken

may reduce the life hazard.

7.3 Protection measures to reduce physical damage

Protection is achieved by the lightning protection system
(LPS) which includes the following features:

air-termination system;

- down-conductor system;

- earth-termination system;

- lightning equipotential bonding (EB);

- electrical insulation (and hence separation

distance) against the external LPS.



MPUMITKA 1 Y pasi BcTaHoBneHHs LPS, 3piBHIOBaHHs noTeHUianis €
OyXXe BaXIMBUM 3axX040M A5si 3MeHLUEeHHs1 Hebe3nekn noxexi n Bu-

Oyxy Ta 3arpo3 ans xutTs. binbwe nogpobuup mictute IEC 62305-3.

MPUMITKA 2 3axogu, siki CTPUMYIOTb BUHUKHEHHS Ta PO3MOBCIOAXKEH-
HS BOTHIO SIK OT BOTHECTIViKi BiACiKW, BOTHEraCHUKM, rigpaHTn, cucteMu
MOXEXHOrO CMOBILLEHHS Ta MOXEXOraciHHA 34aTHI 3MEeHLWNTU (i3nyHi

NOLUKOOXKEHHA.

MPUMITKA 3 3axuweHi wnaxu eBakyadii 3abe3nedytoTb 3axmcT nep-

CcoHany.

7.4 3axoau 3axucTy AnSA 3MeHLUeHHA BigMOB ernek-
TPUYHUX Ta €NIEKTPOHHUX CUCTEM

MoxnuBi 3axogm 3axucty (SPM) BknoyatoTh:

. 3ax0[M i3 y3eMIMNEHHs Ta CNONYyYeEHHS;
. MarHeTHe eKpaHyBaHHS;

. NPOKMaAeHHs NiHin;

. isonoBarnbHi iHTepdency;

. KoopauHoBaHa cuctema SPD.

Lli 3axoam MoXyTb yxmBaTmcs NOoAMHLI abo y noeaHaH-
Hi.

MPUMITKA 1 Akwo posmspaetbcs axepeno Hebesnekn S1, 3axoam
3axucTy € edeKTMBHUMK Nuwe y Byaiensx (crnopyaax), 3axuLLeHnx
LPS.

MPUMITKA 2 BukopucTaHHa OeTEKTOPIB rpo3un Ta BXUTTSA NONepemxy-
BarlbHMX 3ax0fiB MOXYTb 3MEHLUUTU BiAMOBU €MEKTPUYHUX Ta ernek-

TPOHHUX CUCTEM.
7.5 Bubip 3axopgiB 3axucTy

3axogu 3axucTy, nepeniveriy n. 7.2, 7.3 ta 7.4, cTBopto-
I0Tb Pa30M MOBHWIA 3aXMCT Big GrnmMcKkaBKku.

[ob6ip Hambinbw NPUAHATHUX 3acobiB 3axucTy Mae
30iMCHIOBaTM NPOEKTYBarnbHWK 3aX0AiB 3axXuCTy Ta Brac-
HUK OygiBni (cnopyan), sika 3axmWaeTbes, BignoBigHO A0
TUMNy Ta 0OCAry KOXHOIO 3 BUAiB MOLUKOOXKEHb, TEXHIYHNX
Ta EKOHOMIYHUX acnekTiB Pi3HNX 3ax0pfiB 3axMCTy N pe-
3ynbTaTiB OLiHIOBAHHSA PU3KKY.

KpuTepii ons ouiHBaHHS pu3uKy Ta BMOOpPY HambinbLu
npuaatHuX 3axoais 3axucty nogaHo y IEC 62305-2.

3acobu 3axucty € epeKTMBHMMM 3a YMOB, LLIO BOHM Bif-
noBigarTb BMMOram BignoBigHWX CTaHOapTiB Ta 34arHi
BUTPUMYBATUN OBTSKEHHS, SKi OUiKYOTbCS Y MiCLli iXHBOrO
BCTaHOBIEHHS.
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NOTE 1 When an LPS is installed, equipotentialization is a very
important measure to reduce fire and explosion danger and life hazard.
For more details see IEC 62305-3.

NOTE 2 Provisions limiting the development and propagation of the fire
such as fireproof compartments, extinguishers, hydrants, fire alarms

and fire extinguishing installations may reduce physical damage.

NOTE 3 Protected escape routes provide protection for personnel.

7.4 Protection measures to reduce failure of electrical

and electronic systems

Possible protection measures (SPM) include

. earthing and bonding measures,
. magnetic shielding,

. line routing,

. isolating interfaces,

. coordinated SPD system.

These measures may be used alone or in combination.

NOTE 1 When source of damage S1 is considered, protection

measures are effective only in structures protected by an LPS.

NOTE 2 The use of storm detectors and the associated provision taken

may reduce failures of electrical and electronic systems.

7.5 Protection measures selection

The protection measures listed in 7.2, 7.3 and 7.4
together form the overall lightning protection.

Selection of the most suitable protection measures shall
be made by the designer of the protection measures and
the owner of the structure to be protected according to
the type and the amount of each kind of damage, the
technical and economic aspects of the different protection
measures and the results of risk assessment.

The criteria for risk assessment and for selection of the
most suitable protection measures are given in IEC
62305-2.

Protection measures are effective provided that they
comply with the requirements of relevant standards and
are able to withstand the stress expected in the place
of their installation. 8 Basic criteria for protection of
structures
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8 NonoBHi kpuTepii 3axucty 6yaisens (cnopyn)
8.1 3aranbHi nonoxeHHsA

lopeanbHMM 3axmucTom ans dyaisens (cnopya) 6yae BMi-
ctutn  Bygisnio (cnopyay), sika nignarae 3axucTy, Oo
y3eMMeHoro Ta BiAMIHHO CTPYMOMPOBIAHOMO CyLiNbHOro
€eKpaHy HanexXHoT TOBLLMHM Ta BUKOHATW HamNeXHi crony-
YeHHSs Y TouLi BXody OOCepeauHU ekpaHy MiHin, npuea-
HaHux o Bygieni (cnopyam).

Lle no3Bonsie 3anobirty NPOHMKHEHHIO CTPYMy Onnckas-
KM Ta NOB’SI3aHOr0 enekTpoMarHeTHoro nons go Gyaieni
(cnopyawm), sika nignsrae 3axucTy, 1 3anobirtn Hebeaney-
H/M TENnnoBMM Ta €nNeKTPOAMHAMIYHMM BMMvMBaM CTpy-
My, @ TaKOX iCKPiHHSIM Ta nepeHanpyram, HebesneyHum
0N BHYTPILLHIX CUCTEM.

Ha npakTtuui, 4acTo € HEMOXITMBUM Ta HEPEHTabENbHUM
BXMBAaTW NodibHMx 3axopiB, abu 3abe3neynTy Takui no-
BHWI 3aX1CT.

HepoctaTHst Ge3anepepBHICTb ekpaHy Ta/abo 1oro HeBia-
noBigHa TOBLUMHA A03BONAKTb CTPyMy GrmMckaBKku npo-
HUKaTN 4OCeEpPeanHN eKpaHy, CIIPUHMHSIIOYN:

- i3NYHE YLIKOMKEHHA Ta HeGe3neky Ans XUTTS;
- BiOMOBY BHYTPILLHIX CUCTEM.

3axoaM 3axuUCTy, SKUX YXXUTO ANA 3anobiraHHA Takum
MOLUKOMKEHHAM Ta BigMNOBIAHUM MoganblyMM BTpaTam,
MatoTb OyTn po3pobreHi Ans NeBHOro psay napamMmeTpis
CTpyMy GrMckaBKM, Bif, KO BUMaraeTbCsi 3aXMCT (piBEHb
3axucTy Big 6rMckaskn).

8.2 PiBHi 3axucTy Big 6nuckaBku (LPL)

Ona uinen IEC 62305 BBEAEHO 4OTUPU PIBHI 3axXuUCTy
(Big | mo 1V). Anga koxHoro LPL BcTaHOBREHO psig Makcu-
MarnbHMX 1 MiHIManbHUX NapameTpiB CTPyMy Brinckasku.

MPUMITKA 1 3axucT Big 6nuckaBok, MakcMManbHUi Ta MiHiManbHUiA
CTPYM SIKMX MepeBepLUyoTb napamerpu, Wwo Bignosigatots LPL I, no-
Tpebye GinbLu aieBux 3axofis, Ski Moxe OyTn o6paHO Ta BCTaHOBIIEHO

Ha iHAMBIAYanbHiA OCHOBI.

MPUMITKA 2 ImoBipHiCTb nosiBu 6rimckaBky 3 MiHIManbHUMM Ta Makcu-
ManbHUMK NapameTpamu CTpPyMy, siKi BUXOASITb 3@ Mexi 3HaveHb LPL

I, He nepesepuuye 2 %.

MakcrManbHi 3Ha4YeHHs1 napaMeTpiB CTpymMy Onmnckaeky,
wo Bignosigatote LPL |, He Byae nepeBuLLeHO 3 MMOBIp-
HicTo 99 %. CTOCOBHO NPUNHSITOrO CMiBBIAHOLLEHHSA NO-
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8 Basic criteria for protection of structures
8.1 General

An ideal protection for structures would be to enclose the
structure to be protected within an earthed and perfectly
conducting continuous shield of adequate thickness, and
to provide adequate bonding, at the entrance point into
the shield, of the lines connected to the structure.

This would prevent the penetration of lightning current
and related electromagnetic field into the structure
to be protected and prevent dangerous thermal and
electrodynamic effects of current, as well as dangerous
sparkings and overvoltages for internal systems.

In practice, it is often neither possible nor cost effective
to go to such measures to provide such full protection.

Lack of continuity of the shield and/or its inadequate
thickness allows the lightning current to penetrate the
shield causing:

- physical damage and life hazard;
- failure of internal systems.

Protection measures, adopted to reduce such damages
and relevant consequential loss, shall be designed for
the defined set of lightning current parameters against
which protection is required (lightning protection level).

8.2 Lightning protection levels (LPL)

For the purposes of IEC 62305, four lightning protection
levels (I to IV) are introduced. For each LPL, a set of
maximum and minimum lightning current parameters is
fixed.

NOTE 1 Protection against lightning whose maximum and minimum
lightning current parameters exceed those relevant to LPL | needs
more efficient measures which should be selected and erected on an

individual basis.

NOTE 2 The probability of occurrence of lightning with minimum or
maximum current parameters outside the range of values defined for
LPL lis less than 2 %.

The maximum values of lightning current parameters
relevant to LPL | shall not be exceeded, with a probability
of 99 %. According to the polarity ratio assumed (see



napHocTi (amBuck Po3ain A.2) 3HavyeHHs, Wo CTOCYHTh-
CH MO3UTMBHMX cranaxis, MaTMMyTb IMOBIPHOCTI HuKYe
10 %, y TOW 4ac Sk Ans HeraTMBHWX cranaxis Le 3anu-
LaTMeTbCs Ha piBHI HkYe 1 % (ausucb Posgin A.3).

MakcrMarnbHi 3Ha4YeHHsi napaMeTpiB CTpyMy Gnnckaeky,
wo BignosigatoTe LPL |, 3meHwytotbea ao 75 % ana LPL
II, bo 50 % - ana LPL lll Ta IV (niHinHo gnsa /, Q Ta di/dt,
ane kBagpatnyHo ans W/R). Yacosi napametpu € Hes-
MiHHUMMW.

MPUMITKA 3 PiBHi 3axucTy Big 6nunckaBku, napameTpu CTPyMy SIKOI €
HWXYMMKM 32 Ti, Wo cTtocytoTbes LPL 1V, go3BonstoTe po3rnsgaTty 3Ha-
YeHHS IMOBIPHOCTI MOLUKOKEHHS, BULLi 3a Ti, AKi NpeacTaBneHo y
Dopatky B IEC 62305-2:2012, ane ixHi 3Ha4eHHA HEe € BU3HAYEHUMU
KiNbKICHO, TOX BOHM € KOPUCHMMM AJ1S1 KPALLOro KPOK 3aXOAiB 3axXMCTy

3aanAa YyHUKHEHHA HeO6IprHTOBaHVIX BUTpPAT.

MakcumarnbHi 3Ha4yeHHs1 mapameTpiB CTpyMy GnmMckaBku
ONS Pi3HMX PIBHIB 3aXUCTy Bif GNMCKaBKu, siki mogaHo y
Tabnuui 3, BUKOPUCTOBYIOTLCA AN PO3POBNEHHST KOM-
MOHEHTIB 3axuUcTy Big Grnmckaeku (NpymMipoM, nonepey-
HU Nepepi3 NPoBiAHWKIB, TOBLUMHA BNsiXu, MakcMmarb-
HUA cTpyMm SPD, posginbHa BigcTaHb Anst 3anobiraHHs
Hebe3neyHoMy iCKPiHHIO) Ta ANs BU3HAYEHHS TECTOBUX
napameTpiB, sIki MOOEentoTb BNNMMB OnMcKkaBKM Ha Ui
KOMMoHeHTU (ameuck Joaatok D).

MiHiManbHi 3Ha4YeHHsa aMnniTyau CTpyMy brivckaBku ans
pisHux LPL 3actocoByloTbCs Onsi OTpMMaHHs pagiyca
ccepwm, Wo KoTuTbes, (auBnck Posgin A. 4) anga BusHa-
yeHHs LPZ 0B, sikoi He B 3MO3i JOCArTW NpsMuiA  yoap
(amBuce 8.2 Ta PucyHkn 2 11 3). MiHiManbHi 3Ha4YeHHsi
napameTpiB CTpyMy OnuckaBkM pas3om 3 BigMNOBIOHUMMU
3Ha4YeHHAMU pagiycy cdepu, Lo KOTUTbCH, NogaHo y Ta-
6nuui 4. BoHW 3aCTOCOBYIOTLCS ANs PO3CTaBeHHS CUC-
TEMU NepexonsieHHs n Bu3HadeHHsi LPZ 0B (guewuch 8.3).
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Clause A.2), values taken from positive flashes will have

probabilities below 10 %, while those from negative
flashes will remain below 1 % (see Clause A.3).

The maximum values of lightning current parameters
relevant to LPL | are reduced to 75 % for LPL Il and to 50
% for LPL Il and IV (linear for /, Q and di/dt, but quadratic
for W/R). The time parameters are unchanged.

NOTE 3 Lightning protection levels whose maximum lightning current
parameters are lower than those relevant to LPL IV allow one to
consider values of probability of damage higher than those presented
in Annex B of IEC 62305-2:2010, but not quantified and are useful
for better tailoring of protection measures in order to avoid unjustified

costs.

The maximum values of lightning current parameters
for the different lightning protection levels are given
in Table 3 and are used to design lightning protection
components (e.g. cross-section of conductors, thickness
of metal sheets, current capability of SPDs, separation
distance against dangerous sparking) and to define test
parameters simulating the effects of lightning on such
components (see Annex D).

The minimum values of lightning current amplitude for
the different LPL are used to derive the rolling sphere
radius (see Clause A.4) in order to define the lightning
protection zone LPZ 0B which cannot be reached by
direct strike (see 8.3 and Figures 3 and 4). The minimum
values of lightning current parameters together with the
related rolling sphere radius are given in Table 4. They
are used for positioning of the air-termination system and
to define the lightning protection zone LPZ 0B (see 8.3).
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Tabnuua 3 - MakcumanbHi 3HaYeHHA NapamMmeTpiB 6nuMckaBku BignoBigHo go LPL

Table 3 — Maximum values of lightning parameters according to LPL

Mepwunit NO3NTUBHUN iMNYyNbC

. e LPL
First positive impulse
MapameTpu cTpymy Mo3Ha4yeHHs OauHuuA I il i v
Current parameters Symbol Unit
Mikosu¥t cTpym / KA 200 150 100
Peak current
Sapaa imnynbcy QSHORT Kn 100 75 50
Impulse charge C
[MnuTtoma eHepris MOx / Om
Specific energy WR MJ/Q 10 56 2.5
L-I_aconal napameTpu T1/T2 MKC / MKC 10/ 350
Time parameters us / ps
Meplwni HeraTUBHUM iMﬂym:ca

R R a LPL
First negative impulse
MapameTpu cTpymy Mo3HauveHHsA OanHuuA I I m Y,
Current parameters Symbol Unit
MMikogwit CTpym / KA 100 75 50
Peak current
CepepHs KpyTiCTb dildt KA/MKC 100 75 50
Average steepness kA/us
L-I_aconal napameTpu T1/T2 MKC / MKC 17200
Time parameters us / us
HacTtynHui imnynbc

X LPL
Subsequent impulse
MapameTpu cTpymy Mo3HayeHHsA OanHuuA I I m Y,
Current parameters Symbol Unit
MikoBun cTpym / KA 50 375 25
Peak current
CepenHs KpyTicTb dildt KA/MKC 200 150 100
Average steepness kA/us
Yacosi napameTtpu MKC / MKC
Time parameters T1/T2 us / ps 0.25/100
Hosrun ypap
Long stroke LPL
MapameTpu cTpymy Mo3Ha4yeHHs OaunHuuA
Current parameters Symbol Unit I Y i v
3apsig 4oBroro yaapy Kn
Long stroke charge Quong C 200 150 100
Yacosi napameTtpun
Time parameters Tione s 0.5
Cnanax
Flash LPL
MapameTpu cTpymy Mo3HauveHHs OanHuuA I I m Y,
Current parameters Symbol Unit
3apsag cnanaxy Kn
Flash charge QFLASH c 300 225 150
@ BukopuctaHHsi 3a3HayeHnx hopM CTPyMy CTOCYETbCS NMLLIE PO3paxyHKiB, a He BUNpobyBaHb
The use of this current shape concerns only calculations and not testing.




-37-

Tabnuusa 4 - MiHiMmanbHi 3Ha4eHHA NapameTpiB 6NIMCKaBKM Ta NOB’A3aHi 3 HUMU 3HAY€HHS
paaiyca cdepu, Wo KOTUTLCA, BignosiaHo ao LPL

Table 4 — Minimum values of lightning parameters
and related rolling sphere radius corresponding to LPL

Kputepin nepexonneHHs
. - LPL

Interception criteria

Mo3HayeHHA OpguHuusa

Symbol Unit ! I i v
M!H!MaﬂbHMVI nikoBUI CTpyM | KA 3 5 10 16
Minimum peak current
Pan]yc cchepw, Lo KOTUTbCA , M 20 30 45 60
Rolling sphere radius m

3i cratuctuyHoro posnoginy, nogaHoro Ha Pwuc. A.5,
MoXXe ByTV BU3HAYEHO 3BaXEHY iIMOBIPHICTb TOro, LLO na-
pameTpu CTpyMy GIIMCKaBKM € MEHLLMMM 32 MakcMMarb-
Hi 3HayeHHs Ta, BiAMNOBIAHO, GINbLIMMW 3a MiHiMarnbHi
3HaYEeHHS, BU3HAYeHi ANs KOXHOro 3 piBHIB (auBuch Ta-
onuuio 5).

From the statistical distributions given in Figure A.5, a
weighted probability can be determined that the lightning
current parameters are smaller than the maximum
values and respectively greater than the minimum values
defined for each protection level (see Table 5).

Tabnuusa 5 - ImoBipHOCTI ANA MeX NnapamMeTpiB CTPYMY GIIMCKaBKU

Table 5 — Probabilities for the limits of the lightning current parameters

IMOBipHicTb TOrO, WO NapameTpy CTPyMy GnvckaBKu LPL
Probability that lightning current parameters I I i v
- € MEHLUMMU 3a MaKCUMaribHi 3Ha4YeHHs1, BU3HayeHi y Tabnuui 3
) ) ) 0,99 0,98 0,95 0,95

- are smaller than the maximum values defined in Table 3
- € BinbWMMK 32 MiHIMarnbHi 3Ha4YeHHs1, BU3HayeHi y Tabnuui 4

" ) . 0,99 0,97 0,91 0,84
- are greater than the minimum values defined in Table 4

3axoam 3axucty, 3asHadveHi B IEC 62305-3 T1a IEC
62305-4, € edekTMBHMMM 3a OnUCKaBkW, NapameTpu
CTPYMYy SIKOI € y Mexax, BusHadeHux LPL, npuiHaTum
Ons npoekTyBaHHSA. ToMy e(eKTUBHICTb 3axofiB 3axu-
CTy BBaXXaeTbCHA PiBHOIO iIMOBIPHOCTI TOrO, WO Mnapame-
TpU CTPyMy BNUCKaBKM NexaTtumyTb Y UMX Mexax. Ons
napamMmeTpiB, WO NEepPeBULLYIOTb Ui MeXi, 3anuaeTbea
3aNULLKOBUIA PU3UK MOLLKOAXKEHHS.

8.3 3oHu 3axucTy Big 6nuckaBku (LPZ)

Taki 3axogn 3axucty, sk LPS, ekpaHoBaHi npoBoaw,
MarHeTHi ekpaHun Ta SPD Bu3Ha4aloTb 30HM 3aXMCTY Big
6nuckasku (LPZ).

LPZ 3 O6inbwuMuM HoOmepamu 3acobiB  3axucTy
XapakTepusylTbCsl  3HAYHUM  3MeHLWeHHam LEMP
NopiBHAHO 3 LPZ, ski no3Ha4YeHO MeHLWNMU HOMepaMu.

The protection measures specified in IEC 62305-3
and IEC 62305-4 are effective against lightning whose
current parameters are in the range defined by the
LPL assumed for design. Therefore the efficiency of a
protection measure is assumed equal to the probability
with which lightning current parameters are inside such
range. For parameters exceeding this range, a residual
risk of damage remains.

8.3 Lightning protection zones (LPZ)

Protection measures such as LPS, shielding wires, mag-
netic shields and SPD determine lightning protection
zones (LPZ).

LPZ downstream of the protection measure are char-
acterized by significant reduction of LEMP than that up-
stream of the LPZ.

62305-1 © IEC:2010
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3 orngagy Ha 3arpody 6nuckaBku BM3HadeHO Taki LPZ
(auBuck PucyHkm 3 Ta 4):

LPZ 0A 30Ha, y SKi 3arpo3a iCHye BHacnigok
npsiMOro crnanaxy 6rvMckaBku 1 MOBHOMO
ernekTpoMarHeTHoro nond. BHyTpilwHi
cUCTEMU MOXYTb NigAaBaTUCA BNIMBY
crnnecky noBHoro abo  4acTKOBOro

CTpyMy Gnu1cKaBky;

LPZ 0B 30Ha, 3axuvlieHa Big NpsIMMX cnanaxis
O6nuckaBkM, ane B Sk 3arposy
CTaHOBUTb MOBHE €erleKTpOMarHeTHe
none OnuckaBkn. BHyTpiWHI cuctemun
MOXYTb MigAaBaTuCcs BNAMBY CMMecKiB

YaCTKOBUX CTPYMiB Bnnckaeku;

LPZ 1 30Ha, Yy SKiM  CTpyM
OOMEXEeHO  po3ranyXeHHsM  CTpyMy
M i3onoBanbHMMK iHTepdencamm Ta
/| abo SPD Ha wmexax. [NpocTtopoBe
eKpaHyBaHHS  MOXe nocnabntosaTu

€1eKTpoMarHeTHe norsie OrnvckaBku.

cnnecky

LPZ2,...,n 30Ha, Y SAKi CTPYM CrMecky moxe 6yTtn
OOL4AaTKOBO ODMEXEHO  pOo3dineHHAM
CTpyMYy i3ontoBanbHUMM iHTepdericamm
Ta / abo SPD Ha wmexax. [opatkoBe
npocTopoBe eKpaHyBaHHS MOXe
OyTW BMKOpMCTaAHO [Afs NoJanbLioro
nocnabrneHHsi enekTpomMarHeTHOro norns

OnucKkaBKu.

MPUMITKA 1 Ha 3aran, Lo BULLMM € HOMEP OKPEMOT 30HU, TO HUKYUMU

€ napameTpy enekTPOMarHeTHOro cepeaoBuLLa.

[ornoBHe NpaBuIo 3axmcTy, 00'EKT, LLO 3aXULLAETLCS, MA€E
nepedbyBatn y LPZ, enekTpomarHeTHi XxapakTepUCTUKK
AKOI BigNOBigalOTb CNPOMOXHOCTI  Byaieni (cnopyawn)
BATPUMYBATU  OOTSDKEHHS, WO  Mpu3BOAsTb A0
MOLLUKOMKEHHS, SIKOMY Hamnexutb 3anobirtn (isnyHe
MOLLKOPKEHHS, BiAMOBA €NEKTPUYHMX N ENEeKTPOHHUX
CMCTEM BHacCMigOK nepeHanpyru).

MPUMITKA 2 [Ons GinbloCTi enekTpuYHUX N enekTPOHHUX CUCTEeM
Ta anapariB, BiJOMOCTi Npo piBeHb CTIAKOCTI MawTb OyTu HapaHi

BMPOGHNKOM.

With respect to the threat of lightning, the following LPZs
are defined (see Figures 3 and 4):

LPZ 0A zone where the threat is due to the direct
lightning flash and the full lightning elec-
tromagnetic field. The internal systems
may be subjected to full or partial light-

ning surge current;

LPZ 0B zone protected against direct lightning
flashes but where the threat is the full
lightning electromagnetic field. The in-
ternal systems may be subjected to par-

tial lightning surge currents;

LPZ 1 zone where the surge current is lim-
ited by current sharing and by isolating
interfaces and/or SPDs at the bound-
ary. Spatial shielding may attenuate the

lightning electromagnetic field;

LPZ2,...,n zone where the surge current may be
further limited by current sharing and
by isolating interfaces and/or additional
SPDs at the boundary. Additional spatial
shielding may be used to further attenu-

ate the lightning electromagnetic field.

NOTE 1 In general, the higher the number of an individual zone, the

lower the electromagnetic environment parameters.

As a general rule for protection, the structure to be pro-
tected shall be in an LPZ whose electromagnetic charac-
teristics are compatible with the capability of the structure
to withstand stress causing the damage to be reduced
(physical damage, failure of electrical and electronic sys-
tems due to overvoltages).

NOTE 2 For most electrical and electronic systems and apparatus, in-

formation about withstand level can be supplied by manufacturer.
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LPZ 0a
S3
spo |
LPZ 1 ’
S4 —> <— s S2
<;EE\ LPZOs . LPZ 0
\V4
M\
@/ o'}

Mo3HaveHHs Key \@ IEC 2614710

1 6yaiensa (cnopyaa) S1 cnanax y 6yaisnto 1 structure S1 flash to the structure
(cnopyay)

2 cuctema nepexonsieHHst S2 cnanax no6nuay 6yaieni 2 air-termination system S2 flash near to the structure
(cnopyan)

3 cucrtema 4o3eMHUX NPOBIAHMUKIB S3 cnanax y niHito, 3 down-conductor system S3 flash to a line connected to the
npuegHaHy o 6yaieni structure
(cnopyan)

4 cuctema 3eMnsiHOro 3akiH4eHHs S4 cnanax no6nuay niHii, 4 earth-termination system  S4 flash near a line connected to the
npveaHaHoi oo oyaieni structure
(cnopyaw)

5 BxigHi niHiT 5 incoming lines r rolling sphere radius

S po3AinbHa BiacTaHb NPOTU HeGE3NeYHOro iCKPIHHS

v nosHayka semi

€KBINOTEHLiVHI cnonyyYeHHs 6nvckaBkn 3a
nonomoroto SPD

LPZ OA npsiIMUIA cnanax, NOBHUIA CTPyM BrnivckaBku

LPZ 0B BiICYTHICTb NpsIMOro crnanaxy, YacTtkoBuin 6rnvckaBku abo
iHOYKOBaHU CTpyM

LPZ 1 BiICYTHICTb NpsIMOro cnanaxy, 6nvckaeku abo iHayKoBa-
HUI CTPYM
y 3axuiieHomy ob’emi BcepeauHi LPZ 1 mae 6ytu gotpu-

MaHO po3AinbHOI BiAcTaHi ds

s separation distance against dangerous sparking

v ground level

lightning equipotential bonding by means
of SPD

LPZ 0A direct flash, full lightning current

LPZ 0B no direct flash, partial lightning or induced current
LPZ 1 no direct flash, limited lightning or induced current

protected volume inside LPZ 1 must respect separation

distance ds

PucyHok 3 — LPZ, Bu3sHa4eHi LPS (IEC 62305-3)

Figure 3 — LPZ defined by an LPS (IEC 62305-3)
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st
LPZ 04
s3
LPZ 0
SPD
O R
SPD ) LPZ 1 ds —> |e—
r r
{ T ds —>
54 SPD ° s2
LPZ 2
LPZ 0g \ SPD _LPZ0g
% e
—Q

SPD \@

Mo3Ha4yeHHA

1 6ygisnsa (cnopyaa) (ekpaH LPZ 1)

2 cuctema nepexonneHHA

3 cuctema Jo3eMHMX NPOBIHMKIB

4 cuctema 3eMnstHOrO 3aKiHYeHHS

5 npumilleHHs (ekpaH LPZ 2)
6 niHii, npueaHaHi go Gyaisni

(cnopyan)

S1 cnanax y 6yaiento
(cnopyay)

S2 cnanax nobnuay 6yaisni
(cnopyan)

S3 nanax y niHito,
npuegHaHy o Gyaieni
(cnopyan)

S4 cnanax nobnuay niHii,
npueaHaHoi oo oyaieni
(cnopyaw)

r pagiyc cgepu, Lo KOTUTbCA
ds 6e3neyHa BiacTaHb

3a HaATO MOTYXXHOrO

MarHeTHoro nons

v no3Hayka semi

€KBIMOTEHLiNHI cnony4YeHHs bninckaskn 3a
nonomoroto SPD

LPZ 0a
LPZ 0B

LPZ 1

LPZ 2

npsMUI cnanax, NOBHUIA CTPyM BnnckaBku

BiICYTHICTb MPSIMOro cnanaxy, YacTtkoBui bnvckaskn abo
iHOyKOBaHMIN CTPyM, MOBHE MarHeTHe nore

BiICYTHICTb NpsiMOro crnanaxy, obmexeHui bnuckaeku abo
iHOyKOBaHU CTpyM

BiZICYTHICTb NPSIMOro cranaxy, iHaykoBaHi CTpymu, noaar-
KoBO ocrabneHe MarHeTHe none

y 3axuiieHomy ob’emi BcepeauHi LPZ 1 mae 6ytu gotpu-

MaHO po3ainbHOI BiacTaHi ds

Key

1 structure (shield of LPZ 1)

2 air-termination system

3 down-conductor system

4 earth-termination system

5 room (shield of LPZ 2)

6 lines connected to the

structure

©

IEC 2615/10

S1 flash to the structure

S2 flash near to the structure

S3 flash to a line connected

to the structure

S4 flash near a line connected to the

structure

r rolling sphere radius

ds safety distance against too high

magnetic field

v ground level

lightning equipotential bonding by means

of SPD
LPZ 0a direct flash, full lightning current, full magnetic field
LPZ 08 no direct flash, partial lightning or induced current, full
magnetic field
LPZ 1 no direct flash, limited lightning or induced current, damped
magnetic field
LPZ 2 no direct flash, induced currents, further damped magnetic

field

protected volumes inside LPZ 1 and LPZ 2 must respect

safety distances ds

PucyHok 4 — LPZ, Bu3Ha4yeHi SPM(IEC 62305-3)

Figure 4 — LPZ defined by an SPM (IEC 62305-4)



8.4 3axuct 6yaiBenb (cnopyn)

8.4.1 3axucTt ana 3aMeHwWweHHA isnyHoro
NOLUKOMXXEHHA Ta HebGe3neKu ans XUTTs

Bygnisnsa (cnopyga), Wwo 3axuwaeTbcs, mae nepebysatu
B mexax LPZ 0B abo Buwoi. Lle pocaraetbca 3a
OO0MOMOrOK CUCTEMU 3aXUCTY Bia Grimckaekm (LPS).

LPS cknapaetbca sK i3 BHYTPIWHbLOI, Tak N 3
30BHILLUHbOT CUCTEM 3aXMUCTY.

[Mpn3HavyeHHAM 30BHILWHBLOI LPS €:

- nepexonutn cnanax 6nuckaekn y Byaisnio

(cnopyay) (3 4ONOMOror CUCTEMU NEPEXONIIEHHS);

- BigBecTn 6e3ne4yHuM 4YMHOM CTpyM BnMcCKaBKu
00 3emni (3 A0OMOMOrol CUCTEMU O03EMHUX
NPOBIOHWUKIB);

- po3CiiTU Moro y 3emi (3 JOMOMOroK CUCTEMM
3eMIIAHOrO 3aKiHYeHHS).

®yHKUia BHYTpiWHbLOI LPS nonsrae y 3anobiraHHi
HebesneyHoMmy iCKpiHHIO BcepeauHi Byaisni (cnopyan),
3 BUWKOPWUCTAHHSIM EKBIMOTEHLMHOIO Crnosly4yeHHss abo
pO34inbHOI BiACTaHi, S, (1, 0TXKe, eNeKTPUYHE i30/1H0BAHHS)
MK enemeHTamu LPS Tta iHwmmun ctpymonpoBigHumu
enemMeHTamu BcepeavHi 6yaieni (cnopyam).

Ona knacie LPS (I, I, I Ta 1IV) BM3HayaeTbca Habip
KOHCTPYKUINHNX npaBwun, Wo 6a3ytoTbCs Ha BigMOBIAHUX
LPL. KoxeH Habip Bknto4ae, Ik 3anexHi Big piBHSA
KOHCTPYKUiNHI npaBuna (mpumipom, pagiyc cdepw,
IO KOTWUTbCH, LUMPUHA CiTKM TOLLO), Tak N He3anexHi
Bi piBHA (NpvMipoM, MonepeyHi nepepisu, matepianu
TOLLO).

Tam ge noBepxHEBUIM Onip rpyHTY 3a mexamu Byaisni
(cnopygn) Ta nignorn BcepeauvHi Gygieni (cnopyaun) €
HM3bKMM, 3arpo3a ANd XUTTH BHACNIOOK BNAMBY HaNpyru
OOTUKY 1 KPOKOBOT HaNpyry 3HUWXYETbCA:

- 3a wmexamu Oyaisni (cnopygu), i30nH0BaHHSAM
BiOKPUTO BCTaHOBIEHUX CTPYMOMPOBIOHNX
YaCTWH, BWPIBHIOBAHHAM MoOTeHUianiB rpyHTY
3a [OMOMOroK CiT4acTOi CUCTEMU Y3EMIMEHHS,
nonepemxyBanbHUMU Hanucamm Ta @isn4HUMU

obMeXeHHaMU;

- BCepeauHi Byaisni (cnopyam), ekBinOTEHUINHUMM
3'egHaHHAMKM NiHIK y Toyui yBogy nOoO Oyaieni
(cnopyan).
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8.4 Protection of structures

8.4.1 Protection to reduce physical damage and life
hazard

The structure to be protected shall be inside an LPZ 0B
or higher. This is achieved by means of a lightning pro-
tection system (LPS).

An LPS consists of both external and internal lightning
protection systems.

The functions of the external LPS are

- to intercept a lightning flash to the structure (with
an air-termination system),

- to conduct the lightning current safely to earth
(with a down-conductor system),

- to disperse it into the earth (with an earth-termina-
tion system).

The function of the internal LPS is to prevent dangerous
sparking within the structure, using equipotential bonding
or a separation distance, s, (and hence electrical isola-
tion) between the LPS components and other electrically
conducting elements internal to the structure.

Four classes of LPS (I, II, lll and 1V) are defined as a set
of construction rules, based on the corresponding LPL.
Each set includes level-dependent (e.g. rolling sphere
radius, mesh width etc.) and level-independent (e.g.
cross-sections, materials etc.) construction rules.

Where surface resistivity of the soil outside and of the
floor inside the structure is kept low, life hazard due to
touch and step voltages is reduced:

- outside the structure, by insulation of the exposed
conductive parts, by equipotentialization of the soil
by means of a meshed earthing system, by warn-
ing notices and by physical restrictions;

- inside the structure, by equipotential bonding of
lines at entrance point into the structure.
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LPS mae Bignosigatn Bumoram |IEC 62305-3.

8.4.2 3axuct gnA 3MeHWeHHSA BiOMOB BHYTPIlUHIiX
cucrtem

Baxuct Big LEMP pna 3HwxeHHA pusnky BigMOBU
BHYTPILLHIX CUCTEM Mae 0OMexXyBaTu:

- Cnneckv BHacNigok cnanaxis bnvckaskun y byaiento
(cnopyay) 4epe3 pesuCTMBHE Ta iHOYKTUBHE
34eneHHs;

- CNneckn BHacnigok cnanaxis 6nmckaskv nobnuay
Oyaieni (cnopyawn) Yepes iHAYKTUBHE 34enieHHs;

- CMecku, Wo nepefarnTbes NiHiAMN, NpUegHaHUMM
no Gygieni  (cnopyau), BHacnigok cnanaxis
Gnuckaeku, y niHii abo Nobnmay Hux;

- MarHetTHe mone, Ge3nocepeaHbO 34enneHe 3
anaparypoto.

MPUMITKA BigMoBoto obnagHaHHs Yepes enekTpoMarHeTHi nonsi, Lo
6e3nocepenHbO BUMPOMIHIOITLCS Y 0bnagHaHHS, MOXHa 3HEXTyBaTu
3a ymoBM, WO obnagHaHHA Bignosigae BuMoram BuNpobyBaHb
Ha pagiodactotHe (RF) BunpoMmiHOBaHHA ¥ CTiliKicTb OO 3aBag,
BCTaHOBMEHMX BIigNoBigHMMKM cTaHaaptamm 3 EMC (aueucb |EC

62305-2 Ta IEC 62305-4).

Cuctema, Wo 3axuwiaetbcs, mae nepebyesatn y LPZ
1 abo Buwin. Lle gocsiraeTbCca 3a 4ONOMOro 3axoAiB
3aXUCTY ENEKTPUYHNX Ta eNeKTPOHHUX cuctem (SPM), sika
CKINAJAeTbCsl 3 MarHETHUX EKpaHiB, Lo MocnabniowTb
iHOyKOBaHe MarHetHe  none, €ke iHAykye, Ta/abo
BiAMOBIAHOIO MPOKMaAEeHHs  enekTponpoBigHi  on4d
3MEeHLUEHHS MnoLWi iHOYKUinHKUX neTenb. Ha mexax LPZ
Hanexutb nepegbavaT CrofyyYeHHs Ans MeTaneBux
YaCTUH Ta CUCTEM, SiKi nepeTuHarTb Mexi. Lli cnony-
YeHHS Moxe OyTU BUKOHAHO CMOMyYHMMMW MNpPOBIOHUKA-
Mu abo, 3a notpebu, 3a gonomororo SPD.

3axoam 3axucty Ans koxHoi LPZ matoTb Bignosigatu
IEC 62305-4.

EdekTnBHOro 3axucty Big nepeHanpyr, ki CIpUYNHAIOTb
BiJMOBY BHYTPILLHIX CUCTEM, MOXeE By TV TaKOX AOCATHYTO
3a [0MOMOrOK i30oMtoBanbHUX  iHTepdeincie Ta/abo
KoopanHoBaHoi cuctemu SPD, obmexytoum nepeHanpyru
HWKYE 3HAYEHb HOMIHANBbHOI IMNYNbCHOI Hanpyru, siKy
3gatHa BUTPMMAaTU CUCTEMA, SKa 3aXULLAETHCS.

I3ontoBanbHi iHTepdenicn Ta SPD HanexuTb gobvpatu
Ta BcTaHoBMtoBaTK BignosigHo ao sumor IEC 62305-4.
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The LPS shall comply with the requirements of IEC
62305-3.

8.4.2 Protection to reduce the failure of internal sys-
tems

The protection against LEMP to reduce the risk of failure
of internal systems shall limit

surges due to lightning flashes to the structure re-
sulting from resistive and inductive coupling,

- surges due to lightning flashes near the structure
resulting from inductive coupling,

- surges transmitted by lines connected to the struc-
ture due to flashes to or near the lines,

- magnetic field directly coupling with apparatus.

NOTE Failure of apparatus due to electromagnetic fields directly radi-
ated into the equipment is negligible provided that apparatus complies
with radio-frequency (RF) radiated emission and immunity tests de-
fined by relevant EMC product standards (see IEC 62305-2 and IEC
62305-4).

The system to be protected shall be located inside an
LPZ 1 or higher. This is achieved by means of electri-
cal and electronic system protection measures (SPM)
consisting of magnetic shields attenuating the inducing
magnetic field and/or suitable routing of wiring to reduce
the induction loop. Bonding shall be provided at the
boundaries of an LPZ for metal parts and systems cross-
ing the boundaries. This bonding may be accomplished
by means of bonding conductors or, when necessary, by
surge protective devices (SPDs).

The protection measures for any LPZ shall comply with
IEC 62305-4.

Effective protection against overvoltages, causing fail-
ures of internal systems, may also be achieved by means
of isolating interfaces and/or a coordinated SPD system,
limiting overvoltages below the rated impulse withstand
voltage of the system to be protected.

Isolating interfaces and SPDs shall be selected and in-
stalled according to the requirements of IEC 62305-4.



Oopatok A
(iHdbopmaTmBHUI)

MapameTpu cTpymy 6nmckaBku
A.1 Cnanaxu 6nuckaBku go 3emni
ICHYIOTb ABa OCHOBHMX TUMK clanaxy:

- HM300DKHI cnanaxu, iHiuinoBaHi  HM300IKHUM

nigepom Big Ty4i 4o 3eMni;

- BEPXOODKHI cnanaxm, iHiuinoBaHi BepXxobiXKHMM
nigepom Big y3eMneHoi dyaieni (cnopyam) 4o Tyui.

Hun300ikHI cnanaxu TpannawTbCsl MNEepeBaXHO Ha
PiBHMHHIN MiCLIEBOCTi Ta O HEBUCOKMX ByAiBens (cnopya),
Todi 9k Aansa Oyaisenb (cnopya), WO BUTMKaOTLCHA Ha
MicueBOCTi abo MaHyTb HaZ OTOYEHHSIM, OOMIHYKOTb
BepxoOikHi cnanaxu. 3i 30inNblUeHHSM edeKTUBHOI
BMCOTW iIMOBIPHICTb NpsiMOro yaapy y byaisnto (cnopyay)
3poctae (gueBuchb IEC 62305-2:2010, Hdogatok A) Ta
3MiHIOITBCS i3NYHI YMOBW.

CTpym Onuckaekm cknagaetbca 3 ogHoOro abo KinbKox
pi3HUX yaoapis:

- iMnynbcy TpuBanicTio MeHwwe 2 mc (PucyHok A.1);

- [OBri yaapu TpuBanicTio noHag 2 mc (PucyHok
A.2).
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Annex A
(informative)

Parameters of lightning current
A.1 Lightning flashes to earth
Two basic types of flashes exist:

- downward flashes initiated by a downward leader
from cloud to earth;

- upward flashes initiated by an upward leader from
an earthed structure to cloud.

Mostly downward flashes occur in flat territory, and to
lower structures, whereas for exposed and/or higher
structures upward flashes become dominant. With effec-
tive height, the probability of a direct strike to the struc-
ture increases (see IEC 62305-2:2010, Annex A) and the
physical conditions change.

A lightning current consists of one or more different
strokes:

- impulses with duration less than 2 ms (Figure A.1)

- long strokes with duration longer than 2 ms (Fig-
ure A.2).
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90 % ﬁ
+]
| 50 %
10 %
01
T4 >
t ——>»
T2 >
IEC 2616/10
Mo3HayeHHs Key
O1 YMOBHWIA MOYaTOK O1 virtual origin
i amnniTyga cTpymy i peak current
T1 TpuBanicTb PPOHTY T1 front time
T2 TpUBanicTb 4O MOMOBUHHOMO 3HAYEHHS T2 time to half value
PucyHok A.1 - BusHa4yeHHs napameTpiB iMmNynbCHOro cTpymy (3asBu4an T2 < 2 mc)
Figure A.1 — Definitions of impulse current parameters (typically T2 <2 ms)
i
QLoNG
10 % 10 %
t —>=
T
= LONG
IEC 2617/10
Mo3HayeHHs Key
TLONG TpuBanicTb TLONG duration time
--QLONG ~ 3apsaf AOBroro yaapy --QLonG  long stroke charge

PucyHok A.2 - BusHayeHHA napamMmeTpiB CTpyMy AOBroro yaapy
(3a3Bnyam 2 mc < TLONG <1 ¢)

Figure A.2 — Definitions of long duration stroke parameters
(typically 2 ms <TLONG <1 s)



-45- 62305-1 © IEC:2010

Mopanbwa audbepeHuiauia yoapiB  Bu3dHayaeTbea  Further differentiation of strokes comes from their polari-
IXHbOK nonspHicTio (NO3MTMBHA 4YKM HeratuBHa) Ta  ty (positive or negative) and from their position during the
iXHBOT Mmo3wuuii mig yac cnanaxy (nepwwin, noganswun  flash (first, subsequent, and superimposed). The possi-
Ta HaknageHun). Moxnmei KOMMOHEHTM nokaszaHo Ha ble components are shown in Figure A.3 for downward
PucyHky A.3 ans HM3006ikHMX cnanaxiB, a Ha PucyHky flashes and in Figure A.4 for upward flashes.

A.4 - ons BepxobixHUX crnanaxi..

MepLummn KopoTKui
First short stroke
Hosrun ygap

Long stroke

[Mo3nTuBHUIA abo HeraTUBHWMIA t [Mo3nTuBHMIA abo HeraTUBHWMIA t

Positive or negative Positive or negative

MoganbLui kKOpoTKi yaapu

Subsequent short strokes

\

HeraTtneHuin t HeraTtneHui t

Negative Negative IEC 2618/10

PucyHok A.3 — MoXnu1Bi KOMMNOHEHTU HU300iIXKHUX cnanaxiB (xapakTepHi ANsA PiBHUHHUX
MicLeBOCTEN Ta HEBUCOKUX OyaiBenb (cnopyn))

Figure A.3 — Possible components of downward flashes
(typical in flat territory and to lower structures)
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i HaknapgeHi kopoTki yaapu i
Superimposed short strokes
KopoTtkuii yaap
Short stroke n ~
OBruil yaap
Long stroke

MepLunit kopoTKUiA yaap

First long stroke

Mo3uTnBHMIN ab0 HEraTUBHUIA

[o3nTUBHUIN abo HeraTUBHUIA
Positive or negative

Positive or negative

MoganbLui kopoTki yaapu

Subsequent short strokes

t HeraTtneHuin t

HeratusHun
Negative Negative
xi
f
1
:‘ ’ :‘
T IEY o . .
TN OVHUYHUIA JOBIWiA yaap
\
Y Single long stroke
! IEC 2619/10

Mo3nTnBHMIA abo HeraTUBHUN

Positive or negative

PucyHok A.4 - MoxnuBi KOMNOHEHTU BEPXOOIXKHUX cnanaxiB (xapakTepHi ansa 6yaisens (cnopya),
O BUTUKAOTHCA HA MicLLeBOCTi a00 NaHyOTb HaJ OTOYEHHSM)

Figure A.4 — Possible components of upward flashes
(typical to exposed and/or higher structures)



[onaTtkoBUM KOMMOHEHTOM Yy BEPXODDKHMX chanaxax €
nepLunin JOBMUIW yaap 3 HaknageHMMM Ha HbOro, YMCIIOM
00 OecsATy, KOPOTKMX yaapiB abo X i 6e3 Hux. Ane BCi
napameTpu iMNynbCy CTPyMy 3a BEPXOBDKHUX cnanaxis
€ HWKYMMMK, HIK 3a HM300DKHMX cnanaxis. binbLuunn
3apsi4 OOBroro yaapy BepxobiKHOro cnanaxy e He €
nigTBepaxeHun. Tomy napameTpu CTpymy GrnmckaBku
BEPXOODKHOrO crnanaxy BBaXatoTbCA TakKMMMK, WO iX
nepeBepLUyOTb MaKCUMarbHi 3Ha4YeHHs, SKi nogaHo
ansa HuM300ikHKMX cnanaxiB. binbl TOYHE OuiHIOBaHHS
napameTpiB CTpymy OnMcKaBKM Ta 3anexHiCTb iXHbOI
BENMMYNHN Bif TOro, € Lie HU30DDKHUIA Y BEPXOOKHUN
cnanax, € Tenep y po3rnsagi.

A.2 MNapameTpu cTpyMy GnmckaBku

MapameTpu cTpymy Gnunckaekm y wi yactuhi IEC 62305
6asyoTbes Ha pesynstatax MidkHapogHoOi pagu 3 BENUKMX
enektpnyHnx cuctem (CIGRE), nogaHux y Tabnuui A.1.
IXHIN cTaTUCTMYHUI pO3Noain MoXe po3rnagatucs sk
HOopMmanbHWU rnorapudmivHmMA - posnoain. BignosigHe
cepedHE 3HaYeHHs | Ta AMCNEepCitd Olg NOAAHO Y
Tabnumui A.2 Ta doyHKLiH0 po3noAiny nokasaHo Ha PUcyHky
A.5. Ha uin nigctaBi moxe OyTV BU3HAYEHO IMOBIPHICTb
nosiBu Byab-SKOro 3HAYEHHSI KOXKHOTO napameTpy.

MepenbavaeTbcs CNiBBIAHOLWIEHHSA BWAIB MNOMSAPHOCTI
y 10 % - nosutuBHux Ta 90 % - HeraTMBHMX cranaxis.
CniBBiOHOLWEHHA BWAIB MOMSAPHOCTI  3aneXxuTb Big
MicueBocTi. 3a bpakom MicLeBoi iHdopMalLlii, HanexuTb
BMKOPUCTOBYBATW NofaHe TYT CMiBBiAHOLLEHHS.

3Ha4yeHHs1 IMOBIPHOCTI BUHWUKHEHHSI MIKOBMX 3Ha4YeHb
CTpyMy OrnmckaBku, LLIO NEPEBULLYIOThL Ti, AKi nepes LM
posrnsaaanucs, noeigoMnseTbca y Tabnuui A.3.
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The additional component in upward flashes is the first
long stroke with or without up to some ten superimposed
impulses. But all impulse current parameters of upward
flashes are less than those of downward flashes. A
higher long stroke charge of upward flashes is not yet
confirmed. Therefore the lightning current parameters
of upward flashes are considered to be covered by the
maximum values given for downward flashes. A more
precise evaluation of lightning current parameters and
their height dependency with regard to downward and
upward flashes is under consideration.

A.2 Lightning current parameters

The lightning current parameters in this part of IEC 62305
are based on the results of the International Council on
Large Electrical Systems (CIGRE) data given in Table
A.1. Their statistical distribution can be assumed to have
a logarithmic normal distribution. The corresponding
mean value m and the dispersion oig are given in Table
A.2 and the distribution function is shown in Figure A.5.
On this basis, the probability of occurrence of any value
of each parameter can be determined.

A polarity ratio of 10 % positive and 90 % negative flash-
es is assumed. The polarity ratio is a function of the ter-
ritory. If no local information is available, the ratio given
herein should be used.

The value of the probability of occurrence of lightning
current peak values exceeding the previously consid-
ered is reported in Table A.3.

62305-1 © IEC:2010
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Ta6nuus A. 1 - TabynkoBaHi 3HaueHHs napameTpie CTpyMy Gnuckasky, siki 6yno 3sTo 3 CIGRE
(Electra Ne 41 a6o Ne 69 ) '™

Table A.1 — Tabulated values of lightning current parameters taken from CIGRE

(Electra No. 41 or No. 69) M

®dikcoBaHi 3HaYeHHsA 3HayeHHA Ninisa Ha
MapameTp ana LPL I Values Tvn yaapy PucyHky A. 5
Parameter Fixed values Type of stroke Line in Fig-
for LPL I 95% 50% 5% ure A.5
a a Mepwwnin HeraTUBHUI KOPOTKUIA °
4 20 90 ) ) b 1A+ 1B
First negative short
I (kA) 50 49 18 28,6 HacTtynHun HeraTI/II.BHI/IVI KOpg)TKI/IVI ° 2
Subsequent negative short
[MepLunii NO3UTUBHUIN KOPOTKMI (MOOZNHYMN)
200 4,6 35 250 ) . ) 3
First positive short (single)
13 75 40 HeraTnBHWi cnanax 4
QFLASH ’ ’ Negative flash
(Kn)
() Mo3nTnBHWI cnanax
300 20 80 350 " 5
Positive flash
[MepLunin HeraTUBHUI KOPOTKNI
11 45 20 CPLIMM HE P 6
First negative short
QSHORT HacTynHWit HeraTUBHIA KOPOTKMIA
(Kn) 022 | o095 4 y ) P 7
(©) Subsequent negative short
[MepLunii NO3UTUBHUIN KOPOTKMI (NOOANHYUN
100 2 16 150 | _cPean KOPOTKAY: (fTo0MH) 8
First positive short (single)
[MepLunii HeraTUBHUIN KOPOTKMI
6 55 550 | PR P 9
First negative short
W/R 0.55 6 50 HactynHui HeraTI/I.BHI/IVI KOPOTKUI 10
(kx/Om) (kJ/Q) Subsequent negative short
Me N nos| N KOPOTKWIA
10 000 25 650 | 15000 | P moSHTMBRMAKOpOTKAY 11
First positive short
9.1 2.3 65 I'I.epumﬁ H(.a‘raTI/IBHI/IIE KOPOTKUWA ° 12
First negative short
di/dtmax Hac 7 Hera i KODOTKUIA b
(KAMKC) 9.9 399 1615 TYMHWI Her: TI/I.BHI/IVI K pb TKUIA 13
(kA/us) Subsequent negative short
20 0.2 24 32 |_|.epUJI/II7I.I'!03I/ITI/IBHVII7I KOPOTKUWA 14
First positive short
- _ ~b
di/dt30%/90% (KA/ HacTynHun HeraTMBHWUIA KOPOTKUI
200 4.1 20,1 98,5 . 15
mkce) (kA/us) Subsequent negative short °
Qrone OB
(Kn) 200 A
(C) Long
TLoNG =
OBIUN
(c) 05 A
(s) Long
18 55 18 I'I.epumﬁ H(:%raTI/IBHVII7I KOPOTKUWA
. First negative short
TpuBanictb
dpoHTy (MI.(C) 0.22 11 200 HactynHui HeraTI/I.BHI/IVI KOPOTKUIA
Front duration Subsequent negative short
s) 35 29 200 [MepLwunii NO3UTUBHUIN KOPOTKMI (MOOZNHYNN)
’ First positive short (single)
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Tabnuusa A. 1 - TabynboBaHi 3Ha4eHHs1 NapameTpiB CTpyMy GnuckaBku, siki 6yno B3aTo 3 CIGRE
(Electra Ne 41 a6o Ne 69 ) °+

Table A.1 — Tabulated values of lightning current parameters taken from CIGRE

(Electra No. 41 or No. 69) B

®dikcoBaHi 3Ha4YeHHA 3HayeHHsA Ninxia Ha
MapameTp ansa LPLI Values Twn ynapy PucyHky A. 5
Parameter Fixed values Type of stroke Line in Fig-
for LPL | 95% 50% 5% ure A5
30 75 200 I'I.epumﬁ H(.EraTI/IBHI/IVI KOPOTKMWA
. First negative short
Tpusanicmpb
dapy (MKc, HacTynHuin HeraTMBHWIA KOPOTKMIA
yoapy (uic) 6.5 32 140 Y ) P
Stroke duration Subsequent negative short
(ms) MepLumnin NO3NTUBHUIA KOPOTKUIA (MOOAMHYNIA)
25 230 2000 ) P - . P
First positive short (single)
IHmepsan yacy
Mmc BaraTtopasosi HeraTusHi yaapu
(mc) - 7 33 150 ToPasost ! yAap
Time interval Multiple negative strokes
(ms)
HeratneHuin cnanax (Bci)
0,15 13 1100 .
BaearnbHa Negative flash (all)
mpusanicme HeratuBHMI kopoTkuii (63 NOOANHYOrO)
cnanaxy (Mmc) 31 180 900 Negative flash (without singl
Total flash egative flash (without single)
duration (ms) Mo3nTnBHWIA cnanax
14 85 500 -
Positive flash

3HaueHHs | = 4 kA Ta | = 20 kA BignosigatoTb imoBipHocTi 98 % Tai 80 %, BignosigHo.
The values of / = 4 kA and / = 20 kA correspond to a probability of 98 % and 80 %, respectively.

[Mpo napameTpu Ta BiANOBiAHI 3Ha4eHHs1 nosigomneHo y Electra Ne 69.
Parameters and relevant values reported on Electra No. 69.
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Tabnuusa A. 2 - JlorapudMiuHU HOpManbHUIM PO3NOAIN NapamMeTpiB CTPYMy GIUCKaBKU -

CepenHe apudMeTMYHe [ Ta AUCNEPCIA Tlog, 06UMCNEHI ANA 3HaYeHb 95 % i 5 %
Bia CIGRE (Electra Ne 41 a6o Ne 69) °+

Table A.2 — Logarithmic normal distribution of lightning current parameters —
Mean p and dispersion giog calculated from 95 % and 5 % values
from CIGRE (Electra No. 41 or No. 69) ®/™

a NinHia Ha
MapameTp CepegHe p Oucnepcia Clog Tvun yaapy PucyHky A. 5
Parameter Mean p Dispersiona Olog Type of stroke Line in Fig-
ure A.5
MepLimnn HeraTnBHMIA KopoTkuia (80 %)b
(61,1) 0,576 ) . b 1A
First negative short (80 %)
MepLunin HeraTMBHUIM kKOPOTKUIA (80 %)b
33,3 0,263 , . b 1B
First negative short (80 %)
I (KA) - - —5
HacTynHWi HeraTUBHUIN KOPOTKWN
11,8 0,233 . b 2
Subsequent negative short
[MepLumni NO3NTUBHWI KOPOTKNIA (MOOANHYNIA)
33,9 0,527 ) " . 3
First positive short (single)
HeratusHuin cnanax
7,21 0,452 . 4
?’?(FL)ASH Negative flash
0,
(C) 83,7 0,378 nos!/IITMBHI/IVI cnanax 5
Positive flash
4,69 0,383 I‘I.epmvm H.eraTVIBHI/IIZ KOPOTKUI 6
First negative short
g{i’;ORT 0.038 0.383 HacTynhuii HeraTVI.BHVII7I KOPOTKMIA .
(C) Subsequent negative short
[MepLunii NO3UTUBHMI KOPOTKMI (MOOONHYNIA)
17,3 0,570 . » . 8
First positive short (single)
[MepLunin HeraTUBHUIN KOPOTKUN
57,4 0,596 . . 9
First negative short
W/R HacTynHun HeraTuBHWUIA KOPOTKUIN
5,35 0,600 . 10
(k[Dx/Om) (kJ/) Subsequent negative short
612 0.844 |_|.epLIJVIl7I'I'.I03VITVIBHVIl7I KOPOTKUIA ”
First positive short
3
[MepLunin HeraTUBHUIN KOPOTKUN
24,3 0,260 CPLIN HE b P 12
First negative short
di/dtmax ” > 0
HacTynHWin HeraTUBHUIN KOPOTKWN
(KA/MKC) 40,0 0,369 v ' R 13
(kA/us) Subsequent negative short
[MepLumnin NO3NTUBHWIA KOPOTKUI
2,53 0,670 . » 14
First positive short
di/dt30%/90% (KA/ 20.1 0,420 HactynHun HeraTI/I.BHVIIZ KO{;OTKI/II?Ib 15
mkc) (kA/us) Subsequent negative short
QLonG p
(Kn) 200 f,osrvu/l
(C) ong
TLONG o
ol
(© 0.5 fl Brumn
(S) ong




-51- 62305-1 © IEC:2010

Ta6bnuus A. 2 - llorapudmivHUn HopManbHUIA po3noAin napameTpiB CTpyMy GNIMCKaBKM -
CepenHe apucdmeTUUHe | Ta AUCNIEPCiA Clog, 06GUMCIIEHi ANs 3Ha4YeHb 95 % 1 5 %
Bia CIGRE (Electra Ne 41 a6o Ne 69) ©+

Table A.2 — Logarithmic normal distribution of lightning current parameters —
Mean p and dispersion giog calculated from 95 % and 5 % values
from CIGRE (Electra No. 41 or No. 69) ®M ¥

a NiHia Ha
MapameTp CepegHe p Oucnepcisa Glog Twun yaapy PucyHky A. 5
Parameter Mean p Dispersiona Olog Type of stroke Line in Fig-
ure A.5
5,69 0,304 I'I‘epuwuh H.eraTVIBHVII7I KOPOTKUIA
) First negative short
TpusanicTtb
pOHTY (M|‘<c) 0,095 0,398 Hactynnun HeraTI/I.BHVIIZ KOPOTKUWA
Front duration Subsequent negative short
(s) 265 0534 [MepLumi NO3NTUBHMI KOPOTKMIA (MOOANHYNIA)
’ ’ First positive short (single)
[MNepLumnin HeraTBHUIN KOPOTKUN
77,5 0,250 ) .
T , First negative short
pusarsnicmb
ydapy (MKc) ' 302 0,405 HactynHun HeraTVI.BHVIVI KOPOTKUIA
Stroke duration Subsequent negative short
(ms) - _ - _
294 0578 MepLunin NO3NTUBHWIA KOPOTKUIA (MOOAVHYMIA)
’ First positive short (single)
IHmepearn yacy
(I\{IC) . 324 0,405 Eara.TopasoBi !—|eraTI/IBHi yAapu
Time interval Multiple negative strokes
(ms)
12,8 1175 HeI'aT%/IBHVIIZ cnanax (Bci)
BazanbHa Negative flash (all)
mpusaricmb HeraTmBHWI kopoTkumin (6e3 NOoAMHYOrO)
cranaxy (mc) 167 0,445 Negative flash (without sindl
Total flash egative flash (without single)
duration (ms) 837 0472 |-|03.M.TVIBHVII7I cnanax
Positive flash
@ Olg = log ( X16% ) — log ( X50% ) Oe X € 3Ha4eHHsIM napamempy.
Olog = log(X16%) — log ( X50% ) where X is the value of parameter.
b [Mapamempu U 8i0rnosiOHi 3Ha4eHHs1 nodaHo y Electra Ne 69.
Parameters and relevant values reported on Electra No. 69.
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Ta6bnuua A.3 - 3HauyeHHs imoBipHOCTI P sik chbyHKLIiT cTpymy 6nuckaskm /
Table A.3 — Values of probability P as function of the lightning current /

(ki\) P

0 1

3 0,99
5 0,95
10 0.9
20 08
30 06
35 05
40 04
50 03
60 02
80 0.1
100 0,05
150 0,02
200 0,01
300 0,005
400 0,002
600 0,001




(anjea ¢, 6 pue 9, gg ybnoayj saui|) siajaweded Juatind Buiulybi| jo uonnquysip Aouanbaly saAe|nWINg — Gy ainbi4

(% G eL 9, G6 IHOhBHE BU'T IIHIU) uiaedouug AnWAdLo aidianwedeu Loloeh LFoucod MHaULBUANAY - G YOHADU

62305-1 © IEC:2010

2V pue L'y Sejqe| 89S SoAIN9 Jo Buliaquinu 0o JION
2’V ew L'y xshnuge| A 9onsnp spiigpede BHHareHE [sodgnf] VMLINUGL
04/0¢9¢ 03I
Jsjoweled
——
diewede| |
L8 9 vy € 4 Ol 8 9 ¥ € 4 2Ol 8 9 ¥ € 4 0l g 9 vy € Z O
H zo
\ S0
\
A 3
& ~ ¢
'] \
\
S
ol A\
N ol
N N

0c

0€
oy
0S
09

0L

4

08

< N
e e S D N T e _ N SN TR NG
[ // @ //// I/ N vz
RN ENEAN % s g
™~ ENRNN @]\ g <
slojoweled paxi . u/ AN . st G6 E; m.
ndiswed eu IHEg09MI @; N 6 2
~ // ~
AN 66 h
G'66

8'66




62305-1 © IEC:2010

-54-
Yci 3HadeHHsd, ki 3akpinneHo 3a LPL, 3asHaveHnmu

Yy UbOMY CTaHOapTi, CTOCYTbCA SK HU300iKHMX, TaK i
BEPXOOKHUX cranaxi..

MPUMITKA 3HauveHHsi napameTpiB GnvckaBku 3a3BuMYal NoYveprHyTo
3 BUMIpIOBaHb, siKi BUKOHYBanuncsi Ha BUCOkMx ob'ektax. CTaTUCTUYHMI
po3rnofin, 3a rpyboro OuiHIOBaHHA TUX MIKOBUX 3HA4YeHb CTpymy
6rnvckaBkn, siKi He BIiOHOCHATBCA OO BUCOKMX OB'eKTiB, MOYeprnHyTO

TaKoX 3 CUCTeM nokallii 6rmckaBok.

A.3 3akpinneHHsa MakcMMaribHUX NnapamMeTpiB CTPyMy
onuckaBsku gna LPL |

A.3.1 Mo3nTuBHUM iMNynbC

MexaHiyHa pfis  OnuckaBkM MoB'A3aHa 3 MIKOBUMU
3Ha4yeHHsAMK cTpyMmy (/) Ta 3 nuTomotro eHeprieto (W/R).
TepmiyHa pis nos's3aHa 3 nutomoto eHeprieto (W/R),
KONMM Ma€ MicLe pe3nCTUBHE 34YEMNEeHHs, Ta 3 3apsaoM
(Q), sKwo B ycTaHoBUi BuHMKae Ayra. [MepeHanpyru
N HebesneyHi iCKPiHHSA, CAPUYUHEHI  IHOYKTUBHUM
34EnIIeHHAM, MOB'sI3aHi 3 cepefHbor KpyTicTio (di/df)
POHTY CTPyMy OnncKaBku.

KoxeH 3 okpemunx napametpis (I, Q, W/R, di/dt) pominye,
3a3BMYan, y KOXHOMY 3 MeXaHi3MiB MOLUKOMKEHHS. Lle
HanexuTb Opatu OO yBarn, pPo3pobnslyyM MeTOAMKU
BUMNPOOYBaHb.

A.3.2 Mo3nTtuBHUM iMNynbC | 4OBrun yaap

3HaveHHs [, Q Tta W/R, noB'a3aHi 3 MexaHiYHUMMK
Ta TEPMIYHUMM AOiIAMKW, BU3HAYEHO ANS MO3UTUBHMUX
cnanaxis (ockinbkn 10 % 3HayeHb € Habarato BULUMHU
3a BignosigHMn 1 % 3Ha4eHb HeraTMBHUX cranaxis). 3
PucyHky A.5 (rpadpikmn 3, 5, 8, 11 Ta 14), 3a iMOBIpPHOCTI
0o 10 %, moxe ByTn B3ATO TaKi 3HAYEHHS:

/ =200 kA

Qrasi =300 Kn
Qsrorr =100 Kn
W/R =10 MOx/Om
dizdt =20 kA/MKC

[Ona nepworo KOpOTKOro iMMynbCy, BigMNOBIAHO OO
PucyHky A.1, Ui 3HaYeHHS JatoTb NepLly anpokcuMallio
Onsa TpMBanocTi PPoHTY:

All values fixed for LPL given in this standard relate to
both downward and upward flashes.

NOTE The value of lightning parameters is usually obtained from
measurement taken on tall structures. Statistical distribution of roughly
estimated lightning current peak values that does not consider the ef-

fect of tall structures is also available from lightning location systems.

A.3 Fixing the maximum lightning current parame-
ters for LPL |

A.3.1 Positive impulse

The mechanical effects of lightning are related to the
peak value of the current (/), and to the specific energy
(W/R). The thermal effects are related to the specific en-
ergy (W/R) when resistive coupling is involved and to the
charge (Q) when arcs develop to the installation. Over-
voltages and dangerous sparking caused by inductive
coupling are related to the average steepness (di/dt) of
the lightning current front.

Each of the single parameters (I, Q, W/R, di/dt) tend to
dominate each failure mechanism. This shall be taken
into account in establishing test procedures.

A.3.2 Positive impulse and long stroke

The values of /;, Q and W/R related to mechanical and
thermal effects are determined from positive flashes (be-
cause their 10 % values are much higher than the cor-
responding 1 % values of the negative flashes). From
Figure A.5 (lines 3, 5, 8, 11 and 14) the following values
with probabilities below 10 % can be taken:

/ =200 kA

Qrast =300 C
QsHortr =100 C
W/R =10MJ/Q
di/dt =20 kA/us

For a first positive impulse according to Figure A.1, these
values give a first approximation for the front time:

To =1/ (di/dt) = 10 ps

(T He CTaHOBUTb 3HAYHOTO IHTEPECY)

[na ekcnoHeHLianbHO 3racHOro yaapy € npuaaTHo Taka

(T is of minor interest)

For an exponentially decaying stroke, the following for-



dopmMyna ana anpokcumadii 3apsgy Ta eHepreTUdHuX
BenuumH (T1 << T2):
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mulae for approximate charge and energy values apply
(T1 << Ta2):

QsHort = (1/0,7) x | x T2

W/R = (1/2) x (1/0,7) x I x T2

Lli dbopmynu, pa3om 3i 3HaYEHHAMN, HaBeJEeHUMU BULLE,
npMBoaATE A0 MepLoi anpokcumadii gns 4vacy [o
MONMOBUMHHOIO 3HAYEHHS:

These formulae, together with the values given above,
lead to a first approximation for the time to half value:

T2 = 350 mkc (us)

[nsa posroro ygapy voro 3apsig moxe 0ytu npubnusHo
po3paxoBaHUM SK:

For the long stroke, its charge can be approximately cal-
culated from:

Quong = QrLasH - QsHort = 200 Kn1 (C)

WMoro TpueanicTb, BignosiagHo 40 PucyHky A.2, Moxe
OyTu ouiHeHO, BUXoasuM 3 gaHux Tabnuui A.1,9k:

Its duration time, according to Figure A.2, may be esti-
mated from data in Table A.1 as:

Tione = 0,5 ¢ (S)

A.3.3 Mepwunn HeraTMBHUM iMNyIbC

Onsa gesknx gin, noB’sa3aHUX 3 iHOYKTUBHUM 34ENNEeHHsIM,
nepLnn HeraTMBHUM iIMMYNbC NPU3BOANTL A0 BinbLuMX
iHOYKOBaHMX Hampyr, NpuMMipom, Ons kabeniB y notkax
i3 3anizobeToHy. 3 PucyHky A.5 (rpadikvn 1 Ta 12) moxe
OyTK B3ATO TaKi 3HAYEHHSI 3 MMOBIPHOCTAMM, HDKYUMU
3a 1%:

A.3.3 First negative impulse

For some inductive coupling effects, the first negative
impulse leads to the highest induced voltages, e.g. for
cables within cable ducts made of reinforced concrete.
From Figure A.5 (lines 1 and 12) the following values
with probabilities below 1 % can be taken:

1=100 KA

di/dt =100 kA/us

[na nepworo HeratMBHOrO iMNynbCy BIOMNOBIAHO A0

PucyHky A.1 Ui 3Ha4yeHHs JaloTb NepLly anpokcMmad,ito

0N TPUBanocTi NOro PoHTY:

For a first negative impulse according to Figure A.1 these
values give a first approximation for its front time of:

T: =1/(di/dt) = 1,0 us

Moro 4Yac [0 MOMOBMHHOTO 3HAYEHHs Moxe 6yTu
OLjiHEHWIA, BUXOOA4M 3 TPMBAroCTi NEPLLOro HeraTMBHOIO
iMnyrnbey:

Its time to half value may be estimated from the stroke
duration of first negative impulses:

T2 =200 us

(T2 He cTaHOBUTbL 3HAYHOTO iHTEPECY)
A.3.4 HactynHun imnynbsc

MakcuManbHe 3HaveHHs cepefHboi  KpyTocTi di/dt,
nos'd3aHe 3 HeBe3neYHVM ICKPIHHAM, CIPUYUHEHUM
iHOYKTUBHUM 34EMNEHHAM, BU3HA4YaETbCA ANs HACTYMHUX
iMNynbCiB HeraTMBHWX cnanaxiB (ockinbkn ixHin 1%
3Ha4YeHb € TPOXM BULWUM, HiX 1% 3Ha4yeHb And nepLumx
HeraTuBHMX ygapie abo BignoeigHux 10% 3Ha4veHb

(T2 is of minor interest).
A.3.4 Subsequent impulse

The maximum value of average steepness di/dt related
to the dangerous sparking caused by inductive coupling
is determined from subsequent impulses of negative
flashes (because their 1 % values are somewhat higher
than the 1 % values from first negative strokes or the
corresponding 10 % values of the positive flashes). From

62305-1 © IEC:2010
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no3nTMBHUX cnanaxis). 3 PucyHky A.5 (rpadiku 2 Ta 15)

MOXe OyTK OTPMMAaHO TaKi 3HAYEHHsI 3 MMOBIPHOCTAMM,
HWKYMMUK 33 1%:

Figure A.5 (lines 2 and 15) the following values with prob-
abilities below 1 % can be taken:

I =50«KA

di/dt = 200 kA/mkc (kA/us)

[ns nepworo imnynbcy BignosigHO Ao PucyHky A.1 ui
3HaYeHHS JaloTb NepLUY anpoKcUMalLlito AN TpMBanocTi
Noro ppoHTy:

Ti =1/ (di/dt) =

Moro uyac [0 MOMOBMHHOTO 3HAYEHHS MOXe OyTy
OLiHEHWI, BUXOAAYM 3 TPUBATOCTi HACTYNMHUX HEeraTUBHMX
iMMynbCiB:

For a subsequent impulse according to Figure A.1 these
values give a first approximation for its front time of:

0,25 mKc (us)

Its time to half value may be estimated from the stroke
duration of negative subsequent impulses:

T2 = 100 mKc (us)

(T2 He CTaHOBWUTL 3HAYHOTO IHTEPECY)

A.4 3akpinneHHsi MiHiManbHUX nNapameTpiB CTpPyMmy
GnuckaBku

EdekTuBHICTE cuCTEMM  NepexonneHHs  3anexuTb
Bi, MiHIManbHUX napameTpiB CTpymMy OnNuckaBkM Ta
BiANOBIOHMX 3HayeHb pagiyca cdepn, Lo KOTUTbCS.
[eomMeTpuYHi MeXi 30H, SKi € 3axXULLEHMMU Big NPSAMUX
cnanaxie GnuvckaBku, Moxe OyTM BM3HA4YeHO 3
BMKOPUCTaHHSIM MeToAy cdhepu, Lo KOTUTLCS.

BignosigHO A0 enekTpo-reoMeTpuyHOI Mogeni, pagiyc
r cchepu, WO KOTUTLCA (BiACTaHb OCTAHHBLOIO CTPMOKA)
€ MOB'A3aHNM 3 MIKOBUM 3HAYEHHSM CTPyMY MepLUOro
iMnynbcy. Y 3BiTi® po6oyoi rpynu IEEE  (IHCTUTYT
iHXXEHepiB 3 enekTPOTEXHIKM Ta pafioeneKkTpoHiku®)

HaBOAUTbLCS Take CriBBiAHOLLUEHHS:

r=10x-1%

e
r pagiyc cdepu, Lo KOTUTLCS (M);
/ nikoBuin cTpym (kA)

[nsa KoHKpeTHOro pagiycy r cpepu, WO KOTUTLCA MOXE
OyTV NpUIRHATO, WO YCi cnanaxu 3 NikoBUMW 3HAYEHHAMM
BALLMMM 3a BIignoBigHe nikoBe 3HayeHHs |, OyayTb
nepexonneHi npupoaHMMm abo  crneuisinizoBaHUMU
nepexonnoBadyamy. TOMy iIMOBIPHICTb MIKOBUX 3HAYeHb
HeraTMBHUX | MO3UTUBHUX MNeplmx yaapis 3 PUCYyHKY
A5 (rpadgikm 1A Ta 3) NpUMIUMAETLCS SK IMOBIPHICTb
nepexonneHHs. bepyus p[o yBaru cniBBigHOLIEHHS
nongapHocti y 10 % pgna no3utmBHux Ta 90 % ans
HeraTMBHMX cnanaxie, MOXHa po3paxyBaTh MOBHY
iMOBIpHICTb NepexonneHHs (auencek Tabnuuio 5).

*HauioHanbHa npumiTka

(T2 is of minor interest).

A.4 Fixing the minimum lightning current parameters

The interception efficiency of an air-termination system
depends on the minimum lightning current parameters
and on the related rolling sphere radius. The geometri-
cal boundary of areas which are protected against di-
rect lightning flashes can be determined using the rolling
sphere method.

Following the electro-geometric model, the rolling sphere
radius r (final jump distance) is correlated with the peak
value of the first impulse current. In an IEEE working
group report®, the relation is given as

(A1)
where
r is the rolling sphere radius (m);
/ is the peak current (kA).

For a given rolling sphere radius r it can be assumed that
all flashes with peak values higher than the correspond-
ing minimum peak value | will be intercepted by natural
or dedicated air terminations. Therefore, the probability
for the peak values of negative and positive first strokes
from Figure A.5 (lines 1A and 3) is assumed to be the
interception probability. Taking into account the polarity
ratio of 10 % positive and 90 % negative flashes, the total
interception probability can be calculated (see Table 5).



Dopnatok B
(iHdbopmaTmBHUI)

Yacosgi ¢yHKUiT cTpyMy GniuckaBku ons winewn
aHanisy

dopma xBuUIb CTpyMy:

- nepLuoro no3nTnsHoro imnynbcy 10/350 MKc;

- nepLuoro HeratueHoro iMmnynbcy 1/200 MKc;

- HaCTYNHUX HeraTtuBHMX iMnynbceiB 0,25/100 mkc

MOXYTb BYyTV BU3HaYeHi SK:

10
Lol ()
Kk A+(tIT; )10

ae:
/ NiKOBEe 3HAYEHHS CTPYMY;

k nonpaBoYHNA KOeILIEHT NIKOBOro CTPYyMY;
t yac;

T cTana yacy poHTy;

T2 cTana vacy cnagy.

Ona copmn xBuni neplioro MNO3UTUBHOIO iMMYrbCY,
MepLloro  HeratMBHOIO  iMMAYNbCy Ta  HACTYMHUX
HeraTMBHUX iMNynbCiB Ansa pisHnx LPL € npunHAaTHUMK
napameTtpu, nogaxi y Tabnuui B.1. AHaniTuuHi KpuBi, AK
dyHKLUIT Yacy, nokasaHo Ha PucyHkax Big B.1 oo B.6.
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Annex B
(informative)

Time functions of the lightning current for analysis
purposes

The current shapes of

the first positive impulse 10/350 us,

the first negative impulse 1/200 ps,

the subsequent negative impulses 0,25/100 ps,

may be defined as:

xexp (~t/T3) (B.1)
where
/ is the peak current;
k is the correction factor for the peak current;
t is the time;
Tt is the front time constant;
T2 is the tail time constant.

For the current shapes of the first positive impulse, the
first negative impulse and the subsequent negative im-
pulses for different LPL, the parameters given in Table
B.1 apply. The analytic curves as function of time are
shown in Figures B.1 to B.6.

Tabnuusn B.1 - MapameTpu ans piBHAHHA (B.1)

Table B.1 — Parameters for Equation (B.1)

Mepwwni nosutuBHUM imnynsc | Mepwwuin HeraTuBHUI iMnynbc | HacTynHi HeraTMBHI iMnynbcu
First positive impulse First negative impulse Subsequent negative impulse
MNapametp LPL LPL LPL
Parameter
I - 1v | Il I -1v I - 1v
/ 200 150 100 100 75 50 50 37,5 25
(kA)
k 0,93 0,93 0,93 0,986 0,986 0,986 0,993 0,993 0,993
T1
(mkc) 19 19 19 1,82 1,82 1,82 0,454 0,454 0,454
(Ws)
T2
(mkc) 485 485 485 285 285 285 143 143 143
(Ws)

62305-1 © IEC:2010
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100 %

90 %

5 us

50 %

10 %

0 %

e | ———————

IEC 2621/10

PucyHok B.1 — ®opma chbpoHTy XBUIli CTPYMy NMepLUOro NO3MTUBHOIO iMNyfbCy

Figure B.1 — Shape of the current rise of the first positive impulse
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100 %
+ 200!'s

50 %

50 %

I T

0 %

T2 t ——
IEC 2622/10

PucyHok B.2 — ®opma cnagy xBuni CTpyMy NepLIOro no3MTUBHOIO iMNyrbCy

Figure B.2 — Shape of the current tail of the first positive impulse

100 %
90 % _|

A
A4

50 %

10% -

0%

— Ty —>| t —»

IEC 2623/10

PucyHok B.3 — ®opma hpOoHTY XBUIIi CTPYMY NEPLUOro HEFraTUBHOIO iMNyNbCy

Figure B.3 — Shape of the current rise of the first negative impulse
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100 %
l 50 us

50 %
50 %

A

0%

T2

A
A 4

IEC 2624/10

PucyHok B.4 — ®opma cnagy xBuii CTPyMy NepLUOro HeraTUBHOrO iMNynbey

Figure B.4 — Shape of the current tail of the first negative impulse
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IEC 2625/10

PucyHok B.5 — ®opma chpoHTY XBUIi CTPYMY HACTYNMHUX HEraTUBHUX iMNYynbCiB

Figure B.5 — Shape of the current rise of the subsequent negative impulses

100 %

50 %

50 %

50us

0%

t ——

IEC 2626/10

PucyHok B.6 — ®opma cnagy xBusi CTPyMy HacTynHUX HeraTUBHUX iMNynbCiB

Figure B.6 — Shape of the current tail of the subsequent negative impulses
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Oosrun ygap Moxe OyTn onucaHui NPSMOKYTHOIO
dopmoto XBuUAi i3 cepegHiM cTpymoM | Ta TpuBanicTio
TLONG BignoigHo go Tabnuui 3.

3 aHaniTMYHMX KpuBMX y QYHKLii 4acy Moxe OyTu
OTPMMaHO LWiNbHICTb amnniTyg cTpymy OrvckaBku
(PvcyHok B.7).

The long stroke can be described by a rectangular wave-
shape with an average current | and a duration TLONG
according to Table 3.

From the analytic curves as function of time, the ampli-
tude density of the lightning current (Figure B.7) can be
derived.

BignosigHui gisnasoH YacTtoT woao aiil LEMP

R

elevant frequency range for LEMP effects

10
MepLumn HeratuBHWIM yaap
2 First negative stroke
10 100 kA 1/200ps
| —
g e
< X \
g > 0 I
> = 10 s
E o HacTynHuii HeraTueHWi yaap N A
cC o f
(E“ g 10_1 Subsequent negative stroke \\\/
® 3
2 50 kA 0,25/100us
S E - X
S < 10 \ § \(
\ N l
10—3 MepLunin No3nTNBHUIA \ .
yAap
_4 First positive stroke
10 200 kA 10/350ps \ \ \
10_5 T
10’ 107 10° 10* 10° 10° 1

07

Yactota f (I'u)

Frequency f (Hz)
IEC 2627/10

PucyHok B.7 — LinbHicTb amnnityn cTpymMy 6nuckaBku, wWwo Bignosigae LPL |

Figure B.7 — Amplitude density of t

he lightning current according to LPL |



Donatok C
(iHdbopmaTmBHUI)

MopentoBaHHA cTpyMy 6nMCKaBKM AnA uineun
TecTyBaHHA

C.1 3aranbHi nonoXxeHHA

Akwo BinbyBaeTbcs ygap OnuckaeBkm y  Byaienio
(cnopyay), cTpym 6rnmckaBKu po3noginsaeTbCsl BCcepeanHi
Oygieni (cnopyaw). lNMpu TecTyBaHHI OKPEMUX KOMMOHEHTIB
3acobiB 3axucty ue mae OyTn B3ATO [0 yBaru Ans
BMOOpPY BIOMNOBIAHUX TECTOBUX NapaMeTpiB ANs KOXXHOro
KOMMOHEHTY. [1ns LbOoro HanexumTb BUKOHATV CUCTEMHUI
aHanis.

C.2 MopgentoBaHHA MNWUTOMOI eHeprii nepLioro
KOPOTKOrO yaapy Ta 3apsgy AOBroro ygapy

TecToBi nNapameTpu Bu3HayaloTbca y Tabnuusx C.1
Ta C.2, a npuknag reHepatopa Ana BunpobyBaHb
nokasaHo Ha PucyHky C.1. Lleln reHepatop Moxe OyTtu
BUKOPUCTaAHMM ONA  MOAESOBaHHA MNUTOMOI  eHepril
NnepLUoro KOPOTKOrO yaapy y MNOEAHaHHI i3 3apaaom
OOBroro ygapy.

TecTtn MOXYTb BUKOpuUCTOBYBaATUCA AOnNA OLI,iH}OBaHHFl
MeXaHiYHOT LiniCHOCTI, BiCyTHOCTI ABULL, HENPUNHATHOMO
HarpiBaHHs Ta TOMNNEHHS.

TecToBi napameTpu, WO BigMOBiAalOTb MOAENHOBAHHIO
nepLloro NO3NTMBHOIO yaapy (nikosun cTpym |, nutoma
eHepria W/R, Ta 3apsag QsHorr), nogaHo y Tabnwuui
C. 1. Ui napametpn mae 6yTM OTpMMaHO Yy OAHOMY
M TOMy camomy iMnynbCi. Liboro moxHa pocartm y
€KCMOHEHLIANbHO crnagHoMy CTpymi i3 T2 6rnmsbko 350
MKC.

TecToBi napameTpu, WO BigMoOBigalOTb MOOENHOBAHHIO
posroro yaapy (3apsg Quone. W TpmBanicTb  Tione),
nogaHo y Tabnuui C.2.

3anexHo Bif, METU TECTYBaHHS 1 OYiKyBaHUX MeXaHi3miB
YLKOMKEHHS!, BUNPOOYyBaHHA A5 NepLUOro MO3UTUBHOIO
iMnyrnbcy abo AOBroro yaapy MOXyTb 3aCTOCOBYBaTWCA
okpemo abo y noegHaHoMy BuNpoOyBaHHi, Ae AOBrui
yaap unpge 06esnocepegHbO 3a MNEpLIMM  iMMYSNbCOM.
BunpobyBaHHA LWOAO TOMMEHHA AYrol  HanexuTb
BMKOHYBaTM 3 BUKOPUCTaHHAM 060X BUAIB MONSPHOCTI.

MPUMITKA Teplumin HeraTMBHUIA iMNynbC AN Linel TeCTyBaHHS He

BUKOPUCTOBYETLCS
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Annex C
(informative)

Simulation of the lightning current for test purposes

C.1 General

If a structure is struck by lightning, the lightning current
is distributed within the structure. When testing individual
protection measure components, this must be taken into
account by choosing appropriate test parameters for
each component. To this end, a system analysis has to
be performed.

C.2 Simulation of the specific energy of the first pos-
itive impulse and the charge of the long stroke

Test parameters are defined in Tables C.1 and C.2 and
an example test generator is shown in Figure C.1. This
generator may be used to simulate the specific energy
of the first positive impulse combined with the charge of
the long stroke.

The tests may be used to assess mechanical integrity,
freedom from adverse heating and melting effects.

The test parameters relevant for simulation of the first
positive impulse (peak current |, the specific energy W/R,
and the charge Qs+orr) are given in Table C.1. These pa-
rameters should be obtained in the same impulse. This
can be achieved by an approximately exponentially de-
caying current with T2 in the range of 350 ps.

The test parameters relevant for the simulation of the
long stroke (charge Quone and duration Tiong) are given
in Table C.2.

Depending on the test item and the expected damage
mechanisms, the tests for the first positive impulse or the
long stroke can be applied singly or as a combined test,
where the long stroke follows the first impulse immedi-
ately. Tests for arc melting should be performed using
both polarities.

NOTE The first negative impulse is not to be used for test purposes.
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160 kB 3apsigHa Hanpyra UL
160 kV charging voltage UL

¢

-64-
MyckoBuit nepemukad Big 100 Mk go 300 mMkIH —
Start switch.l/ . 100pH to 300uH |
® e s ® &
150 0,5s
Lp '
~ 20pF 3amukay EnemeHT, Lo BUNpoGoBYETHCS
Crowbar  Rp Testitem
switch 600 V G
l =
|:} Ry =0,1Q R2 LyHT
Shunt
& o

-

MPUMITKA 3HadeHHs, 3acTtocoBHi go LPL |

[eHepaTop CTpymy
[O1151 NEPLUOro KOPOTKOro yaapy

Current generator for
the first short stroke

['eHepaTop cTpymy
NS AoBroro yaapy

_

IEC 2847/10

B I

NOTE The values apply to LPL I.

Current generator for
the long stroke

PucyHok C.1 - [puknan TecCTOBOro reHepatopa Ans MoAaentoBaHHA MUTOMOI
eHeprii Nnepworo NO3UTUBHOIO iMNyNbCy 1 3apsay [OBroro yoapy

Figure C.1 — Example test generator for the simulation of the specific energy of
the first positive impulse and the charge of the long stroke

Ta6bnuus C.1 - TectoBi napameTpu NepLIOro NO3UMTUBHOIO iMMYyNbCy

Table C.1 — Test parameters of the first positive impulse

LPL .
TecToBi napameTpm HOonycTume BigxuneHHs
Test parameters " -1V Tole:/ance
(]
likosuti cmpym | (kA)
200 150 100 +10
Peak current | (KA)
3apsid K
aps0 QSHORT (Kn) 100 - 5 %
Charge QSHORT (C)
n is WR M
VITOINIIa eHepris W/l (MOx/Om) 0 56 25 5
Specific energy W/R (MJ/Q)

Tabnuusa C.2 - TectoBi napameTpu JOBroro yaapy

Table C.2 — Test parameters of the long stroke

LPL .
TecToBi napameTpu [onycTume BiaXuneHHs
Test parameters " = v Tole:/ance
(]
3aps0 QLONG K
P Q (k) 200 150 100 +20
Charge QLONG (C)
T icTb TLONG
pVIBa.J'IICTb (c) 05 05 0s 1o
Duration TLONG (s)




C.3 MopgenioBaHHA
iMmnynobciB

KpyTOoCTi (PpOHTY CTpymy

KpyTicTb CTpyMy BU3HaYa€ iHAyKOBaHy MarHETHUM nonem
Hanpyry y netnsx, BCTAHOBMEHMX Oins NpoOBiOHMKIB, SKi
HecyTb CTPyMU BrinckaBKu.

KpyTicTb CTpymMy KOPOTKOrO ygapy BU3HA4YaeTbCA
K npupict cTpymy Ai npotsarom 4acy 3pocTtaHHs At
(PucyHok C.2). TecToBi napameTtpu, ski BignosigawTb
MOAENIOBaHHI0 KPYTOCTI LIbOro CTPYMY, NoAaHo y Tabnuui
C.3.

Mpuknagm TecToBUX reHepaTopiB rnokasaHi Ha PUCYHKY
C.31aC.4 (ix MOXe ByTv 3aCTOCOBaHO 4115 MOAENOBAHHS
KPYTOCTi (PPOHTY CTpymy OnuvckaBku, MOB'A3aHOro i3
npsaMum  ygapom 6nvckaBku). MopgentoBaHHA MoXe
npoBagMTUCA AN NepLUoro No3UTMBHOrMO iMMynbcy Ta
HACTYMHOrO HEraTMBHOTO IMMNYIbCY.

MPUMITKA Lle mogentoBaHHSI OXOMIOE KPYTOCTi (PpPOHTY CTpymy

imnynbciB. Cnag cTpyMy He YMHUTb BMIMBY Ha Liei BUA MOLENOBaHHS.

MogentoBaHHs BignosigHo Ao nyHkty C.3  moxe
3aCTOCOBYBaTUCA He3anexHo abo y KombGiHauii 3
MOAEentoBaHHAM Bi4noBigHO 00 nNyHKTY C.2.

[opaTtkoBi BIQOMOCTI LWOAO TEcTOBMX MNapaMeTpiB
MOAENOBaHHSA BMNMBIB ONUCKaBKM HaA KOMMOHeHTU LPS
aneucek y Jogatky D.
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C.3 Simulation of the front current steepness of the
impulses

The steepness of the current determines the magneti-
cally induced voltages in loops installed near conductors
carrying lightning currents.

The current steepness of an impulse is defined as the
rise of the current Ai during rise time At (Figure C.2). The
test parameters relevant for the simulation of this current
steepness are given in Table C.3.

Example test generators are shown in Figures C.3 and
C.4, (these may be used to simulate the front steepness
of a lightning current associated with a direct lightning
strike). The simulation can be carried out for a first posi-
tive impulse and a subsequent negative impulse.

NOTE This simulation covers the front current steepness of impulses.

The tail of the current has no influence on this kind of simulation.

The simulation according to Clause C.3 may be applied
independently or in combination with the simulation ac-
cording to Clause C.2.

For further information on test parameters simulating the
effects of lightning on LPS components, see Annex D.

Tabnuusa C.3 - TecToBi napameTpu iMnynbciB

Table C.3 — Test parameters of the impulses

TecToBi napameTpm LPL [OonycTume BigxuneHHs
Test parameters I -1 ToIe;the

lMepwud nosumusHul iMnyrnbc

First positive impulse

Ai (kA) | 200 150 100 +10

At (vxc)(us) | 10 10 10 +20

lMepwud nosumusHud iMnyrbc

First positive impulse

Ai (kA) 50 37,5 25 +10

At (Mkc)(us | 0,25 0,25 0,25 +20
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I ———

IEC 2628/10

PucyHok C.2 - BusHauyeHHs KpyTOCTi cTpyMmy BignoBigHo go Tabnuui C.3

Figure C.2 — Definition of the current steepness in accordance with Table C.3

2uH 0,25Q i
o o - 1 o
9uH
300 kB 3apsiaHa Hanpyra UL L
. __ 10pF
300 kV charging voltage UL
0,1Q
O
[eHepaTop cTpyMmy EnemeHT TecTyBaHHsi
Current generator Test item
IEC 2629/10
MPUMITKA 3HadeHHs, 3acTtocoBHi go LPL | NOTE The values apply to LPL I.

PucyHok C.3 - lpuknag TecToBOro reHepatopa AnsA MoaentoBaHHA KPYTOCTi
(ppOHTY NepLIoro NO3UTUBHOIO iMNYNbLCY ANA BEJIMKUX eNIeMeHTIiB TeCTyBaHHS

Figure C.3 — Example test generator for the simulation of the front steepness of
the first positive impulse for large test items
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10 Om
euH 100
——eo o—— R | O
9uH
3,5 MB kB 3apsaaHa Hanpyra | 10Ho
3,5 MV charging voltage T 10nF
‘ 0,1Q
o
leHepatop «Mapkca» EnemeHT TecTyBaHHs
«Marx» generator Test item
IEC 2630/10
MPUMITKA 3HayeHHs, 3actocosHi Ao LPL | NOTE The values apply to LPL I.

PucyHok C.4 - NMpuknag TeCTOBOro reHepatopa Ans MoaesitoBaHHA KPYTOCTi
(hpOHTY HAaCTYyNHUX HeraTMBHUX iMNyNbCiB ANl BEJIMKUX €NIeMEHTIB TeCTyBaHHA

Figure C.4 — Example test generator for the simulation of the front steepness of
the subsequent negative impulses for large test items
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Dopatok D
(iHdbopmaTmBHMIA)

TecToBi NnapameTpu Onsa MogentoBaHHA BNJIMBY
O6nMckKkaBKM Ha KOMMNOHeHTU LPS

DA 3aranbHi BigomocTi

Y popatky D nogaHo 6a3oBi napameTpu, siki Moxe ByTu
3acToCOBaHO B nabopatopii 4na mMoaentoBaHHA BNANBIB
onuckaekn. Lleln gogaTok OXONMteE yCi KOMMOHEHTU
LPS, wo nigaatTbcsa BNAMBY ycix abo 6inbluoi YacTuHu
CTpyMy GrivckaBku, Ta MOXEe BUKOPUCTOBYBATUCS Pa3oMm
i3 cTaHgapTamu, Lo BCTAHOBMOTL BUMOMU 1 TECTM NS
KOXHOIFO KOHKPETHOrO KOMMOHEHTY.

MPUMITKA T[MapameTpu, WO BiANOBIAATb CUCTEMHMM acnekTam
(MpvMipoM, AnA KOOPAVMHYBAHHS NPUCTPOIB 3aXUCTY Bif nepeHanpyr),

HEe po3rmaaarTbCd y UbOMY OOAATKY.

D.2 NMapameTpu cTpymy, sKi BignosigaaloTb TouLi

yaapy

[o napameTpiB cTpymy brnimvckaBku, SKi BigirpatoTb ponb
y isnyHin dinicHocTi LPS, HanexaTb nikoBun cTpym |,
3apsag Q, nutoma eHepria W/R, TpuBanicte T Ta cepeaiHs
KpyTiCTb CTpyMmy di/dt. KoxkeH napameTp mae TeHAeHLito
OOMIHYBaTU y PpIi3HMX MeXxaHi3Max MOLIKOMKEHb, $IK
OOKNafHO aHanisyeTbCs Hwxk4e. [lapametpu cTpymy,
SIKi BpDAXOBYIOTbCH MPU TECTYBaHHI, € KOMBiHaLisMn LmX
3HayeHb, AoOpaHnx Ans BigobpaxeHHs y nabopatopii
aKTUYHOrO MexaHiaMy BiAMOBWM 4YacTuHu LPS, ska
BunpoboByeTbes.  Kputepii  BMOOpPY  BU3HavamnbHMX
BENMUYKNH nogaHo y nyHkTi D.5.

Y T1abnuui D.1 3anucaHo MakcumarnbHi 3HaJYeHHs |,
Q, W/R, T 1a di/df, wo pobvpatoTbCs Npu TeCTyBaHHI
3anexHo Big HEOOXiAHOMO PIBHSA 3aXUCTY.
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Annex D
(informative)

Test parameters simulating the effects of lightning
on LPS components

D.1 General

Annex D gives the basic parameters that may be used in
a laboratory to simulate the effects of lightning. This an-
nex covers all the components of an LPS subjected to all
or a major part of the lightning current and may be used
in conjunction with the standards specifying the require-
ments and the tests for each specific component.

NOTE Parameters relevant to system aspects (e.g. for the coordination

of surge protective devices) are not considered in this annex.

D.2 Current parameters relevant to the point of strike

The lightning current parameters playing a role in the
physical integrity of an LPS are in general the peak cur-
rent /, the charge Q, the specific energy W/R, the dura-
tion T and the average steepness of the current di/dt.
Each parameter tends to dominate a different failure
mechanism, as analysed in detail below. The current
parameters to be considered for tests are combinations
of these values, selected to represent in laboratory the
actual failure mechanism of the part of the LPS being
tested. The criteria for the selection of the outstanding
quantities are given in Clause D.5.

Table D.1 records the maximum values of I, Q, W/R, T
and di/dt to be considered for tests, as a function of the
protection level required.
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Ta6nuusa D.1 — MNMepenik napameTpiB 3arpo3 61McKaBKkM, WO BUKOPUCTOBYIOTLCA 3a
po3paxyHKy TeCTOBUX 3Ha4YeHb ANs Pi3HMX KOMMNOHeHTiB LPS Tta gna pisHmux LPL

Table D.1 — Summary of the lightning threat parameters to be considered in the
calculation of the test values for the different LPS components and for the different

LPL
OcHoOBHa .
KomnoHeHT npo6nema ﬂa;.)ame'l.'pu 3arposu bnmckaBku MpumiTkn
Component Main problem Lightning threat parameters Notes
QLONG, Kn
LPL T
Eposiﬂ y QLONG, C
TOuLi AOTUKY / 200 <1c
(npumipoM, ToHKa npuUKnageHHs
MepexonnioBay | 6risixa) I 150 ( pQLONG y
Air-termination Erosion at H-tv 100 OONHUYHOMY
attachment point yAapi)
(e.g. thin metal <1 s (apply
sheets) QLonG in a
single shot)
LPL W/R k[x/Om T 3a posmipis
W/R kJ/Q 3rigHo 3 IEC
62305-3
OMiyHe ! 10000 MpuknageHHs BUNPOBYBaHHS
HarpiBaHHst 4 5600 _ %//R y € 3aB1MK
Mepexonniosay | Ohmic =1 2500 am?b:;rn?mm Dimension-
Ta [03eMHUi heating ) ing with IEC
NpOoBIgHMK Apply .W/R In 62305- 3
. N an adiabatic .
Air-termination ) . render testing
configuration
and downcon- superfluous
ductor oL LA W/R k[Ix/Om
MexaHi4Hi W/R kJ/Q
:A"”"':” - I 200 10 000
echanica
effects 1 150 5600
H-1v 100 2500
W/R k[x/Om
LPL I kA T
KomGiHoBaHWi W/R kJ/Q
BMAUB (TENNOBUNA,
CnonyyHi MeXaHiYHuI Ta / 200 10 000 <2 wMmc
KOMMOHEHTN ayra) 1l 150 5600 (NpuKnageHHs
: : I TaW/RB
Connecting Combined ef- -1V 100 2 500
components fects (thermal, OAVIHMHHO-MY
mechanical and iMnynbci)
arcing) <2 ms (apply |
and W/R in a
single pulse)
Poamipu
QLONG, Knn 3a3BuYai
LPL QLoNG, C T BM3HAYal0TbCA
MexaHiqHuMu/
XiMiYHUMKN
3emnsHe Eposisa y Touui ! 200 <1c acnekTamu
3aKiHYeHHs OOTUKY I 150 (MpUKNageHHs (koposisa 1 T.iH.)
Earthtermina- Erosion at attach- Hn-1v 100 QLONG B Dimension-
tions ment point OANHUYHOMY ing usually
ynapi) determined by
<1 | mechanical
QLSN(S?I?;/ / chemical
single shot) aspects (corro-
sion etc.)
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Tabnuusa D.1 — Nepenik napameTpiB 3arpo3 6GrMcKaBKu, WO BUKOPUCTOBYIOTLCA 3a

po3paxyHKy TeCTOBUX 3Ha4YeHb ANs Pi3HUX KOMNOoHeHTiB LPS Tta gna pisHnx LPL

Table D.1 — Summary of the lightning threat parameters to be considered in the

calculation of the test values for the different LPS components and for the different

pulse)

LPL
KomnoHeHT n%%%?z-l:naa MapameTpu 3arpo3un 6nmckaBku MpumiTtkn
Component Main problem Lightning threat parameters Notes
LPL I KA QsHORT, Kn | W/R k[Ix/Om |  dildtKAMMKS | mppnanenna
QsHoRT, C W/R kJ/Q di/dt kA/us I, QSHORT
I 200 100 10 000 200 Ta WRs
OOVHUYHOMY
KombGiHoBaHui -1V 100 50 2 500 100 (TpuBanicTtb
BMVB (TENSIOBUNA, T <2 mc);
SPD 3 ickpoBUMM | MEXaHiYHMI Ta NpUKNageHHs
npoMiXxkamu ayra) Ai/Aty
SPDs containing | Combined ef- OKpEMOMY
spark gaps fects (thermal, IMAynkCl
mechanical and Apply /,
arcing) QsHoRT, and
W/R in a single
pulse (duration
T<2 ms); apply
Ai/At in a sepa-
rate pulse
LPL QSHORT, Kn7 Hanexwtb
QsHoRT, C nepesipnTy
EHepreTunyHi I 100 206#3(2?4
ed)eKTVI 1l 75
(nepeobTsKeHHS) Both aspects
1H-1v 50 need to be
Energy effects checked
(overload) ’
SPD i3 6brnokamu
MeTan-oKCUaHNX
pesucTopis
SPDs contain- LPL I KA T
ing metal-oxide flienextpnati
resistor blocks edberT / 200 ( <2 Mc MoxyTs
(npobuTtTa/ i 150 npuKnageHHs
PO3TPiCKyBaHHS) I's po3rARATMCH
1n-v 100 OnMHMYHOMY oKpeMi TecTu
Dielectric effect My bci)
(flashover/ crack- y Separate tests
ing) <2 ms (apply can be consid-
l'in a single ered




D.3 Po3nogin ctpymy

MapameTpu, nogaHi y Tabnuui 3.D, cTocyroTbCcsa CTpymy
Gnunckasku y Touui yaapy. Hacnpasai, cTpym Teye go
3eMni BiNnbLL, HPK O4HUM LUSISIXOM, OCKINIbKWN Y 30BHILLHIN
LPS 3asBuuaih € pgekinbka [O03eMHUX MPOBIOHWUKIB
Ta NpuMpogHUX npoBigHuKiB. [o Toro X, Ao Oyaieni
(cnopyam), siKy 3axuLLEeHO, 3a3BMYan BXOOATb PisHi MiHil
(BOAONPOBIA, rA30NpPOBIA, XMBUIbHI 1 TENEKOMYHIKaL,iliHi
niHii, Towo). [na BM3Ha4YeHHA napameTpis hakTnyHOro
CTPyMy, WO MpOTiKae NeBHMMU KOMMOHeHTamu LPS,
HanexuTb OpaTu 4o yBaru po3nogin ctpymy. lNMepeBaxHo,
Mae OyTu ouiHeHO amnniTyay " opmy XBUNi CTPyMmY,
AKUA Te4ye KOMMOHEHTOM Yy neBHOMY Micui LPS. Akwo
iHOMBIQyanbHe OLiHIOBaHHS HE € MOXIMBUM, NapaMeTpu
CTPYyMy MOXe ByTU OLiHEHO 3@ HACTYMHOK NPOLLEaAYpPOLO.

[nsa ouiHoBaHHA po3nodiny CTpymy Y 30BHIilWHIN LPS
MOXe OyTW BMKOPUCTaAHWA KOedilieHT po3nogineHHs
ke (auBuce Oopatok C IEC 62305-3). Llen koediuieHT
0ae OUIHKY YacTKu CTpyMy, SKAA Tevye [O03EMHUMU
NpoBiAHMKaMM 30BHiLIHLOT LPS 3a Haliripworo Bunagky.

[Ona ouiHoBaHHA po3nofiny CTpymMy 3a HasABHOCTI
30BHILWHIX CTPYMOMPOBIOHWX YaCTWH Ta XWUBWUMbHUX
N TenekoMyHiKauiiH1X niHin, npuegHaHux o OGyaieni
(cmopyan), $Ky 3axuweHo, Moxe OyTu NpUiHATO
3HayeHHs ke Ta K'e, po3rnsaHyTi y Jogatky E.

Onucannin BUWE NigXig € 3acTocoByBaHWMA  AONs
OLIHIOBAHHA MIKOBOrO 3HAYEHHHA CTPyMy, SKUA Tede
OfHUM MNEBHMM WNAXOM A0 3emni. OBUMCNEeHHs HLLMX
napameTpiB CTPYMY BUKOHYETbCS HACTYMHUM YNHOM:
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D.3 Current sharing

The parameters given in the Table D.1 are relevant to
the lightning current at the point of strike. In fact, the
current flows to earth through more than one path, as
several downconductors and natural conductors are nor-
mally present in an external LPS. Additionally, different
lines normally enter the protected structure (water and
gas pipes, power and telecommunication lines, etc.). For
the determination of the parameters of the actual current
flowing in specific components of an LPS, the sharing
of the current has to be taken into account. Preferably,
current amplitude and shape through a component at a
specific location of the LPS should be evaluated. Where
an individual evaluation is not possible, the current pa-
rameters may be assessed by means of the following
procedures.

For the evaluation of the current sharing within the exter-
nal LPS, the configuration factor ke (see Annex C of IEC
62305-3:2010) may be adopted. This factor provides an
estimate of the share of the lightning current flowing in
down-conductors of the external LPS under worst-case
conditions.

For the evaluation of the current sharing in presence of
external conductive parts and power and telecommu-
nication lines connected to the protected structure, the
approximate values of ke and k’e considered in Annex E
may be adopted.

The above-described approach is applicable for the eval-
uation of the peak value of the current flowing in one
particular path to earth. The calculation of the other pa-
rameters of the current is carried out as follows:

b=kx]| (D.1)
Qo=k xQ (D.2)
(W/R)p=k2 x(W/R) (D.3)
di di
e ()
( dt ) p dt (-4
ae: where
Xp 3HAYEHHS1  BENUYUUMHW, sIKa  PO3rMMSAaeTbCs,  Xp is the value of the quantity considered (peak cur-

(nikoBun cTpym Ip, 3apsa Qp, NUTOMa eHepris
(W/R)p, KpyTiCTb CTpymy (di/dt), ), sika Bignosinae
YacTKOBOMY LUASAXY 40 3emni "p";

rent I, charge Qp, specific energy (W/R)p, current
steepness (di/dt)p ) relevant to a particular path to
earth "p";
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X 3HaYeHHS BEMUYMHW, SIka po3rnagaeTbes, (MikoBuii
cTpym /, 3apsg Q, nutoma eHepris (W/R), kpyTicTb
cTpymy (di/dt) ) ska BignoBigae NOBHOMY CTpyMy

onunckaBku;
k KoedilieHT po3rany>XeHHs CTpPyMmy;

- Ke KoedIiLiEHT po3rany>XeHHs1 CTpymy
ans  30BHiWHbLOI LPS  (amBucbh
Dopatok 3 y IEC 62305-3:2010);

-keTak'e  koediuieHTU po3ranyXeHHs CTpymy
Yy  30BHILLHiX CTPYMOMPOBIAHMX
YacTuHax  Ta  KMBWIbHUX

TENEeKOMYHIKaUiNnHUX  NiHigx,  SKki
BXOAATb OO 3axuuwyBaHoi Oygisni
(cnopyawm)(aveucs dogaTtok E).

D.4 BnnuBu ctpymMy OGnuckaBKu, siKi CIPUYUHAIOTb
MOXINUBI YLIKOMKEHHS

D.4.1 TepmiuHi BnnuBwm

TepMiuHi BNNuBM, NOB'A3aHi 3i CTPyMOM OnuUCKaBky,
Hanexartb 0O PEe3NCTUBHOIO HarpiBaHHA, CIPUYNHEHOTO
LMPKYMALIED enNeKTPUYHOro CTPyMy, SIKMW MpOTiKae Y
onopi nposigHuka abo y LPS. TepmiyHi BNNMBKU € TakoX
aKTyanbHUMW 3 OrMsgy Ha Tenno, sike BUpobnsieTbest Ha
KiHUi Ayr Yy Touui NpyKnageHHs Ta B YCiX i30NbOBaHNX
yactuHax LPS, 3anyyeHux oo po3sutky ayr (npumipom,
iCKPOBi MPOMIXKKMI).

D.4.1.1 Pe3anctuBHe HarpiBaHHA

Pe3anctvBHe HarpiBaHHA Mae Micue B Oyab-sikomy
KOMMOHEHTi LPS, sikum npoTikae 3Ha4YHa YacTuHa CTpyMmy
onuckaBku. MiHimanbHOI NMoLLi NonepevyHoro nepepisy
npoBigHUKa Mae OyTu [ocTaTtHbO Ans 3anobiraHHs
neperpiBaHHIO MPOBIAHMKIB 4O PiBHSA, 3@ SKOro Moxe
icHyBaTK Hebeaneka MnoXexi HaBKoNo Hboro. Kpim
TEPMIYHMX acnekTiB, siki obrosoptoBanucs y D.4.1,
AN 4aCTuH, sKi NiggalTbCa BMAAMBY aTMOCHEPHUX
UMHHMKIB Ta/abo Kopo3ii, Hanexutb po3rnsagaTtu
MEXaHi4YHy CTinKicTb Ta kpuTepil. OUiHIOBaHHA HarpiBy
NPOBIAHUKIB yHACNIQOK MPOTiKaHHS CTpyMy Gnuckasku
€ HeoOXigHMM SIKWO nocTakTb Npobnemu 3 orngay Ha
pU3MK TPaBMYBaHHS NOOEN, a TaKOX NOXexi Ta 30MTKiB
yepes BUOYX.

Hwxye HaBeoeHO NOCIOHWK 3 OLHIOBAHHSA NiABULLEHHS
TeMmrnepaTypu MpoBIAHUKIB, SKUMW TMPOTIKAE CTPyM
OnnckaBKku.
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X is the value of the quantity considered (peak cur-
rent /, charge Q, specific energy (W/R), current
steepness (di/dt) ) relevant to the total lightning
current;

k is the current sharing factor:

- ke for external LPS (see Annex C of IEC

62305-3:2010);

- ke, K'e in the presence of external conduc-
tive parts and power and telecommu-
nication lines entering the protected

structure (see Annex E).

D.4 Effects of lightning current causing possible
damage

D.4.1 Thermal effects

Thermal effects linked with lightning current are relevant
to the resistive heating caused by the circulation of an
electric current flowing through the resistance of a con-
ductor or into an LPS. Thermal effects are also relevant
to the heat generated in the root of the arcs at the at-
tachment point and in all the isolated parts of an LPS
involved in arc development (e.g. spark gaps).

D.4.1.1 Resistive heating

Resistive heating takes place in any component of an
LPS carrying a significant part of the lightning current.
The minimum cross-sectional area of conductors must
be sufficient to prevent overheating of the conductors to
a level that would present a fire hazard to the surround-
ings. Despite the thermal aspects discussed in D.4.1,
the mechanical withstand and durability criteria have to
be considered for parts exposed to atmospheric condi-
tions and/or corrosion. The evaluation of conductor heat-
ing due to lightning current flow is sometimes necessary
when problems can arise because of the risk of personal
injury and of fire or explosion damages.

Guidance is given below to evaluate the temperature rise
of conductors subjected to the flow of a lightning current.



AHaniTM4yHWM Niaxig npegctaBneHo HacTyMHUM YMHOM:

MwuTTeBa MOTYXHICTb, WO PO3CIETbCA Y BUMMSAAI
TEennoTn B NPOBIAHWKY 3aBOAKA €NEKTPUYHOMY CTPYMY,
BU3HAYaETbLCA SAK:

P(t) =i*(t) xR

Tennosa eHepris, WO reHepyeTbCA NMOBHUM iMMYbCOM
GrnvckaBkM €, TakuM YMHOM, OMIYHVMM OMOPOM LUAAXY
CTpyMy OnMcKaBkM PO3IMMSAHYTUM KOMMOHEHTOM LPS,
NMOMHOXEHMM Ha MUTOMY eHeprito imnyrnbey. Lis Tennosa
eHepria  BM3Ha4daeTbcs y mkoynax (k) abo BarT-
cekyHgax (BT c).

w=Rx|[ @) xat

Y BUCHa3i GrnmckaBku asn BMCOKOI MUTOMOI eHeprii
cnanaxy OnMCkaBKkM € [OyXe KOPOTKOTpUBanIMMu Ans
TOro, Wwob TennoTa, ska reHepyeTbca y Oyaisni (cnopyai),
MOrfa BigYyTHO po3ciaTuca. Tomy Le SBuLLE MOXe
BBaXkatucs agiabatHum.

TemnepaTypa npoBigHukiB LPS Moxe Oyt ouiHeHa
TaknuMm YNHOM:

XapakTepHi 3Ha4YeHHs di3NYHNX napameTpis,
3a3HaveHux y piBHsHHI (D.7) ona pisHux matepianis, Wo
BUKOpUCTOBYIOTbCS ¥ LPS, HaBegeHo y Tabnuui D.2. ge:

6 - 6o nigevweHHsa Temnepatypw nposigHukis (K);

a TemnepatypHuin koediuieHT onopy (1/ K);

W/R nuToma eHepris imnynscy cTpymy (x/Om);

pPo NMATOMUA  OMIYHMIA  ONip MNPOBIgHMKA  3a
TemMnepaTypu HaBKOMWLIHLOIO CepeaoBuLLa
(Om-m);

q nnowia nonepeyHoro nepepisy npoBigHMKa
(M°);

y rycTuHa matepisiny (kr/m°);

Cw npuxoBaHa Tennota TonneHHs (Ix/kr-K);

Os Temnepartypa TonneHHs (°C).
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An analytical approach is presented as follows:

The instantaneous power dissipated as heat in a con-
ductor due to an electrical current is expressed as:

(D.5)

The thermal energy generated by the complete lightning
pulse is therefore the ohmic resistance of the lightning
path through the LPS component considered, multiplied
by the specific energy of the pulse. This thermal energy is
expressed in units of Joules (J) or Watt’seconds (Wxs).

(D.6)

In a lightning discharge, the high specific energy phases
of the lightning flash are too short in duration for any heat
generated in the structure to be dispersed significantly.
The phenomenon is therefore to be considered adiaba-
tic.

The temperature of the conductors of the LPS can be
evaluated as follows:

(D.7)

Characteristic values of the physical parameters report-
ed in Equation (D.7), for different materials used in the
LPS are recorder in Table D.2 where

6-60 is the temperature rise of the conductors (K);

a is the temperature coefficient of the resistance
(1/K);

W/R is the specific energy of the current impulse
(JIw);

po is the specific ohmic resistance of the conduc-
tor at ambient temperature (Wm);

q is the cross-sectional area of the conductor
(m?);

y is the material density (kg/m®);

Cw is the thermal capacity (J/kgK);

Os is the melting temperature (°C).
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Tabnuusa D.2 - ®i3uyHi XxapakTepMCcTUKM TUNOBUX MaTepianis, LWo
BUKOPUCTOBYHOTbLCA B KOMMNOHeHTax LPS
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Table D.2 — Physical characteristics of typical materials used in LPS components

Matepisn
Material
BenuuuHa
Quantity AnomiHin Hwabng:;ﬂeuesa Miab HepxaBHa crank’
P . a
Aluminium Mild steel Copper Stainless steel
Py (O m) 29 x 10 120 x 107 17,8 x 107 700 x 10°
P, (Qm)
1m - g - R
o (1) 40x10° 65x10° 3,92 x10° 0.8x10°
a (1/K)
(KF/MS)
VKT ) 2 700 7 700 8 920 8 000
y (kg/m”)
6s (°C) 658 1530 1080 1500
Cs (Ox/xr) 3 3 3
397 x 10 272 x 10 209 x 10 -
Cs (J/kgK)
K
Cu (Hoxdkr K) 908 469 385 500
Cw (J/kgK)
AyCTeHiTHa HemarHeTHa
Austenitic non-magnetic.

Tabnuus D.3 geMoHCTpye Npuknaa 3acToCyBaHHS LIbOro
TemnepaTypu
BMKOHAHUX 3 pi3HMX MaTepianis, 3anexHo Big W/R Ta Big

PIBHSAHHSA,

nigBULLEHHS

NPOBIAHWKIB,

NIoLLi NoNepeyHoro nepepisy NpoBigHMKa.

Ta6nuusa D.3 - MNiaBuweHHA TeMmnepaTypu Assi NPOBiIAHUKIB Pi3HOro nonepeyHoro
nepepisy y dyHkuii W/R

Table D.3 — Temperature rise for conductors of different sections as a function of

Table D.3 reports, as an example of application of this
equation, the temperature rise of conductors made of
different materials, as a function of the W/R and of the
conductor cross-sectional area.

W/R
Martepian
Material
nonep_equug AnoMmiHin Hu3bkoByrneueBa ctanb Migb HepxaBHa CTanIa:a
nepepis Mm Aluminium Mild steel Copper Stainless steel
(;:ilt;'n mmi W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R
MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m | MOx/m
MJ/IQ MJ/IQ MJ/IQ MJ/Q MJ/IQ MJ/Q MJ/Q MJ/Q MJ/Q MJ/IQ MJ/Q MJ/IQ
2,5 5,6 10 2,5 5,6 10 2,5 5,6 10 2,5 5,6 10
4 - - - - - - - - - - - -
10 564 - - - - - 169 542 - - - -
16 146 454 - 1120 - - 56 143 309 - - -
25 52 132 283 211 913 - 22 51 98 940 - -
50 12 28 52 37 96 211 5 12 22 190 460 940
100 3 7 12 9 20 37 3 5 45 100 190
a AyCTeHiTHa HemarHeTHa
Austenitic non-magnetic.
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TunoBui yaap GnmnckaBkn xapakTepu3yeTbCs KOPOTKO
TpUBanicTo yaapy (4ac 4O MONOBMHHOIO 3HAYEHHS Kiflbka
100 MKC) | BACOKMM MIKOBUM 3HAYEHHSIM CTPyMy. 3a Takmx
obcTaBuH HeOBXigHO TakoX ,6paTu 4O yBaru CKiH-edeKT.
OpHak, y GinblWOCTi NpakTUYHMX BUMNAAKIB, MOB'SI3aHUX
3 KOMMOHeHTaMu LPS, xapakTepucTuku Matepianis
(BnHamiyHa MarHeTHa NpPOHUKHICTL npoBigHuKa LPS)
Ta reoMeTpuyHa KOHdpirypauis (nnowa nonepeyHoro
nepepidy npoBigHUka LPS) 3HMXYylTb BHECOK CKiH-
edekTy y niaBULLEHHS Temnepatypu MposigHMKa [0
TaKOro piBHS, O HAM MOXHA 3HEXTYBaTMU.

Mepwurin 3BOPOTHIM yaap € TUM KOMMOHEHTOM charnaxy
OnUCKaBKM, SKUA HaWOINbLUOK MIpOK MOB'A3aHMI 3
MEXaHi3MOM HarpiBaHHs

D.4.1.2 TepmiyHe NOLIKOAKEHHA Y TOULi A OTUKY

TepmiyHe  MOLWIKOMKEHHS  TOYKM  OOTUKY  MOXYTb
crnocTepiraTucst Ha ycix TUX KommnoHeHTax LPS, Ha akux
BMHUKAE Oyra, TOOTO CUCTEMU MEPEexXOnfeHHsl, iCKPOBI
NPOMIDKKK, TOLLO

Y Toyui AOTUKY MOXYTb TpanisaTUCA TOMMEHHs Ta
eposia matepiany. Hacnpasgai, y npuenekTpogHux 3oHax
YTBOPIOETLCS 3HAYHA KiNbKiCTb TENOTU Bif caMoi ayru,
a TaKoX KOHLIEHTpaLisi OMIYHOro HarpiBaHHs BHACMigoK
BMCOKOI I'YCTUHU CTpyMy. [lepeBakHa YacTnHa TennoBoi
eHeprii yTBOPIETLCA Ha MOBepxHi MeTany abo ayxe
6nm3bko Ao Hel. KinbkiCTb TEnnotu, sika YyTBOPHETLCH
6e3nocepeaHbO y NPUENEKTPOAHIN 30Hi Ayrn, NepPEBULLYE
TOW piBEHb, SKUA MOXe OyTWU MNOMMUHYTUA MeTarnom
3a paxyHOK KOHTaKTHOI TennonpoBigHOCTI , ToMy i
HaAnULIOK BUMNPOMIHIOETECA abo BUTpayYaeTbCs Ha
TonneHHA abo BMNapoByBaHHA MeTany. IHTEHCMBHICTb
npouecy nos'dA3aHa 3 amnniTy4o N TPMBaricTio CTPyMY.

D.4.1.2.1 3aranbHi BigoMocTi

Kinbka TeopeTuyHux mopgenen OGyno po3pobneHo Aans

pO3paxyHKy TePMIYHOro BMAMBY Ha NOBEPXHIO MeTany y
TouUi JOTMKY 3 KaHanom 6nuckaBku. [nsi CAPOLLEHHS Y
LUbOMY CTaHAapTi Oyde nmogaHo nuwe Mogenb aHOAHO-
ro abo kaTogHOro nagiHHA Hanpyru. 3acTocyBaHHS i€l
Mogeni € 0cobnMBo eekTMBHMM ANSA TOHKMX LuapiB
meTany. Y BcAkOMy pasi, mogenb 3abesnedyye  KOH-
cepBaTVBHI pe3ynbTaTi 3aBAsSKM TOMY LUO Y Hill NPUMAHSTO,

WO yCa €eHepria, sika HagxoguTb OO0 TOYKU AO0TUKY

6rnmckaBkM, BUKOPUCTOBYETbCA  ANs TOMMeHHs  abo
BMMApPOBYBaHHSI MaTtepisinly MpoBiOHMKA,  HEXTYHUU
andpysieto  Tenna gocepeanHyn metany. |Hwi mogeni

BKNIOYAOTb Yy cebe 3anexHiCTb MNOLUKOOXKEHHSI TOYKM O0-
TUKY GrnMcKaBKW Bif TPMBANoCTi iMMNynbCy CTPyMY.
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The typical lightning stroke is characterized by a short
duration stroke (time to half value of a few 100 ps) and
high current peak value. Under these circumstances, the
skin effect should also be taken into consideration. How-
ever, in most of the practical cases linked with LPS com-
ponents, the material characteristics (dynamic magnetic
permeability of the LPS conductor) and the geometrical
configurations (cross-sectional area of the LPS conduc-
tor) reduce the contribution of the skin effect to the tem-
perature rise of the conductor to negligible levels.

The component of the lightning flash most relevant to
this heating mechanism is the first return stroke.

D.4.1.2 Attachment point thermal damage

Attachment point thermal damage can be observed on
all components of an LPS on which an arc development
takes place, i.e. air-termination systems, spark gaps, etc.

Material melting and erosion can occur at the attachment
point. In fact, in the arc root area there is a large thermal
input from the arc root itself, as well as a concentration
of ohmic heating due to the high current densities. Most
of the thermal energy is generated at or very close to the
surface of the metal. The heat generated in the immedi-
ate root area is in excess of that which can be absorbed
into the metal by conduction and the excess is irradiated
or lost in melting or vaporizing of metal. The severity of
the process is linked to the current amplitude and to the
duration.

D.4.1.2.1 General

Several theoretical models have been developed for the
calculation of thermal effects on metal surfaces at the
attachment point of a lightning channel. For sake of sim-
plicity, this standard will report only the anode-or-cath-
ode voltage drop model. The application of this model is
particularly effective for thin metal skins. In all cases, it
gives conservative results as it postulates that all the en-
ergy injected in the lightning attachment point is used to
melt or vaporize conductor material, neglecting the heat
diffusion within the metal. Other models introduce the
dependence of the lightning attachment point damage
on the duration of the current impulse.
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D.4.1.2.2 Mogenb aHogHOro-abo-katogHOro nagiHHA
Hanpyrm

Oonnue eHeprii W y npvenekTpodHin 30HI Ayru
BM3Ha4YaeTbCA AK AOOYTOK aHOAHOr0/KaToAHOro NafiHHS
Hanpyru Usc, Ta 3apsgy Q ctpymy 6nuckasku:

W= ]Oua,c(t)i(t)dt =U, . ]o li (t)| ot
0 0

OCKiNbKM 3HAYEHHS Uac € LOCTATHBO HE3MIHHUM Y TOMY
fianasoHi CTpyMy, SKUIA TYT PO3rNsaeTbCs, 3aps CTpymMy
bnuckaBkn (Q) BiAnNOBIgAE NepeBaXXHO NEPETBOPEHHIO
eHepril y NpuenekTpoaHin 30Hi Oyru.

AHoaHe-abo-kaTogHe NafiHHA HANPYMU Ua.cMae 3HAYEHHS
Y KinNbka AeCcATKiB BOMbT.

CrpolleHun meToq mpunyckae, WO BCHA eHeprid, sika
reHepyeTbCa y Oy3i, ae nuie Ha TonneHHs. PiBHAHHSA
(D.9) BKkOpUCTOBYE Lie NPUNYLLEHHS, ane ue npu3BoanTb
[0 NepeLiHoBaHHSA pO3TONIeHOro o6'emy:

V:Ua,cx Q
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D.4.1.2.2 Anode-or-cathode voltage drop model

The energy input W at the arc root is assumed as given
by the anode/cathode voltage drop uac multiplied by the
charge Q of the lightning current:

(D.8)

As uac is fairly constant in the current range considered
here, the charge of the lightning current (Q) is primarily
responsible for the energy conversion in the arc root.

The anode-or-cathode voltage drop ua.c has a value of a
few tens of volts.

A simplified approach assumes that all of the energy de-
veloped at the arc root is used only for melting. Equation
(D.9) uses this assumption but leads to an overestimate
of the melted volume.

1

ae:
"4 06'em poaTonneHoro Metany (M°);

Uac aHogHe-abo-kaTogHe nagiHHA Hanpyru (B);

Q 3apsag cTpymy 6nuckasku (Kn);

1% rycTuHa matepiany (kr/m°);

Cv  TennoemHictb Matepiany (Ox/kr-K);

Os Temnepatypa TonneHHs (°C);

6u HaBkonuLHsa Temneparypa (°C);

Cs  npwuxoBaHa TennoTa TonneHHs (Ix/kr).

TuNoBi 3Ha4YeHHS Pi3NYHUX NapamMeTpiB, 3a3Ha4YeHUx y
LibOMY PiBHSHHI, 415 Pi3HMX MaTepianis, Lo 3aCTOCOBHUX
y LPS, BmiweHo y Tabnuui D.2.

B ocHoBHOMY 3apsif Mae po3rnsaaaTnca sik cyma 3apsigy
3BOPOTHOrO ydapy W TpuBarnoro CTpymy OnUCKaBKW.

X
14 Cwx (6, -6,)+Cs

(D.9)

where
"4 is the volume of metal melted (m®);

uUac is the anode-or-cathode voltage drop (assumed
as constant) (V);

Q is the charge of the lightning current (C);
v is the material density (kg/m°);

Cw s the thermal capacity (J/kgK);

Os is the melting temperature (°C);

6u is the ambient temperature (°C);

Cs s the latent heat of melting (J/kg).

Characteristic values of the physical parameters report-
ed in this equation, for differentmaterials used in an LPS,
are recorded in Table D.2.

Basically, the charge to be considered is the sum of the
charge of the return stroke and the lightning continuing



JlabGopaTopHi  OocnigXeHHa nokasanu, LWo BMvB
3apsiAy 3BOPOTHOMO yaapy € 3Ha4yHO HMXKYMM 3a BMfvB
TPWBaNoro CTpyMmy.

D.4.2 MexaHiuyHi edhekTun

MexaHiyHi edeKTn, ChpuUYMHEHi CTPyMOM OBnmMckasku,
3anexaTb Big amnniTygn n TpMBanocCTi CTPyMy, a TakoX
BiJ, NPY>XHMX BNacTUBOCTEN MeEXaHIYHOI KOHCTPYKLUIT, Ha
SIKY YMHUTBCSA BNNMB. TaMm, Ae Le € AOPEYHUM, MEXaHiyHi
edeKkTn TakoX 3anexaTb Bid CuUn TepT4, WO AiIoTb MiXK
yacTuHamu LPS npu iXHbOMY KOHTaKTi OOUH 3 O4HUM.

D.4.2.1 MarHeTHa B3aemogisi

Cunn MmarHeTHoi B3aemofii BUHMKAOTb MK [JBOMa
npoBigHWUKaMu 3i cTpymamu abo SKWo € nuwe oauH
NPOBIOHWK 3i CTPYMOM, SIKUIA YTBOPOE KYT abo NeTnio.

KonnnaHkot Teye cTpyM, aMnniTyga enekTpognHaMivHmX
3yCunb, SIKi BUHWKAKOTb 3a PI3HUX MOMOXEHb NaHKK,
3anexatb Big amnnitygun cTpymy OnvckaBkm Ta
reoMeTpuYHOi KOHirypauii naHku. lNpoTe, MexaHiyHa
[is UMX cun 3anexnTb He nuLle Bif TXHIX amnnitya, ane
TaKOX Bif 3aranbHol (hopmm Ta TpUBANoOCTi CTPyMY 1 Bif,
reoMeTpPUYHOI KOHirypaLwii ycTaHOBKM.

D.4.2.1.1 EnekTpoAuHaMi4vHi 3ycunns

EnexkTpoanHamivHi 3ycunns, yTBOpPeHi CTPyMOM i, Lo
Teye NPOoBIAHMKOM, SIKUM Mae AOBri NapanernbHi AiNsHKK
OOBXMHOM |, po3aineHi BigcTtaHHio d (ooBra n HeBenuka
netnsl), sk nokasaHo Ha PucyHky D.1, MoxyTb OyTu
NpubrnmMaHo obuyncneHi 3a Taknum PiBHAHHAM:

M .2 / 7 .2 /
Flt)=22xi%(t)x —=2x10"" x j“(t) x—
(t) > (t) p (t) p

ae:
F(t) enektpoamHamivHe 3ycunng (H);
i cTpym (A);

Ho  MarHeTHa NPOHMKHICTb BiflbHOro NPOTOPY
(nopoxHs) (411 x 107 TH/m);

/ OOBXMHa NpoBigHuKa (M);

d BiACTaHb MK MPSMONIHINHUMK nNapanenbHUMn
JinsiHkamu nposigHuka (Mm).
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current. Laboratory experience has revealed that the ef-
fects of the return stroke charge are of minor importance
when compared to the effects of the continuing current.

D.4.2 Mechanical effects

Mechanical effects caused by the lightning current de-
pend on the amplitude and the duration of the current
as well as on the elastic characteristics of the affected
mechanical structure. Mechanical effects also depend
on the friction forces acting between parts of the LPS in
contact with one another, where relevant.

D.4.2.1 Magnetic interaction

Magnetic forces occur between two current-carrying
conductors or, if only one currentcarrying conductor ex-
ists, where it forms a corner or a loop.

When a current flows through a circuit, the amplitude of
the electrodynamic forces developed at the various posi-
tions of the circuit depend on both the amplitude of the
lightning current and the geometrical configuration of the
circuit. The mechanical effect of these forces, however,
depends not only on their amplitude but also on the gen-
eral form of the current, its duration, as well as on the
geometrical configuration of the installation.

D.4.2.1.1 Electrodynamic forces

Electrodynamic forces developed by a current, i, flowing
in a conductor having long parallel sections of length |
and distance d (long and small loop), as shown in Figure
D.1, can be approximately calculated using the following
equation:

(D.10)

where
F(t) s the electrodynamic force (N);

i is the current (A);

o s the magnetic permeability of free space (vacu-

um) (41 x 107 H/m);
/ is the length of conductors (m);

d is the distance between the straight parallel sec-
tions of the conductor (m).
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PucyHok D.1 - 3aranbHe po3TallyBaHHs1 ABOX MPOBIAHUKIB ANl pO3paxyHKy
eneKkTpoauHaMiyHUX 3yCcunb

Figure D.1 — General arrangement of two conductors for the calculation of electro-
dynamic force

Y LPS HaBegeHO npuknag CUMETPUYHOIO KyTOBOIO
po3TallyBaHHS NPOBIAHUKIB, LLO YTBOPIOOTE KyT Yy 90°, i3
3aTnckayeM, po3TtalloBaHMM Nobnmay KyTa, sk nokazaHo
Ha PwucyHky D.2. [iarpamy mMexaHiYHWX Hanpyr ang
Takoi KOHdirypauii nokasaHo Ha PucyHky D.3. OcboBa
cvna, Wo i€ Ha ropv3oHTanbHUW MPOBIAHWK, MparHe
BUTATHYTM NPOBIOHUK i3 3aTUcKaya. Yucnose 3HayeHHS
CVNN B3[OBX FOPU3OHTarNbHOrO MPOBIAHMKA, 3BaXakouu
Ha cuny cTpymy y 100 KA Ta OOBXWHY BEPTUKaIbHOIO
nposigHuka y 0,5 m, nokaszaHo Ha PucyHky D.4.

In an LPS an example is given by a symmetric corner ar
rangement of conductors, forming an angle of 90°, with
a clamp positioned in the vicinity of the corner as shown
in Figure D.2. The diagram of the stresses for this con
figuration is reported in Figure D.3. The axial force on
the horizontal conductor tends to pull the conductor out
of the clamp. The numerical value of the force along the
horizontal conductor, considering a peak current value of
100 kA and a length of a vertical conductor of 0,5 m, is
shown in Figure D.4.

[0l
Lof

=
C_

IEC 2632/10

PucyHok D.2 - TunoBe po3TawyBaHHA npoBigHuka y LPS

Figure D.2 — Typical conductor arrangement in an LPS
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PucyHok D.3 - [liarpama mexaHiuHux Hanpyr F ans koHdirypadii,
nokasaHoi Ha PucyHky D.2

Figure D.3 — Diagram of the stresses F for the configuration of Figure D.2
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NOTE The peak current value is 100 kA and the length of the vertical

conductor is 0,5 m.

PucyHok D.4 — Cuna, Wo Aie Ha OAMHULII0 AOBXWUHU F’ B3A0BX
ropu3oHTanbLHOro npoBigHuKa, nokazaHoro Ha PucyHky D.2

Figure D.4 — Force per unit length F’along the horizontal conductor of Figure D.2

D.4.2.1.2 [lia enekTpoaMHaMiYHUX 3yCcuUnb

B oguHuuax amnnityau npuknageHoi cunm MUTTEBE
3HAYEeHHs  enekTpoauMHamiyHoro 3ycunna  F(t) e
NponopLiiHMM KBaapaTy MuTTeBoro ctpymy I(t)°. B
OLMHULAX HAMPYTU, WO BUHUKAE B MEXaHIYHIN KOHCTPYKLii
LPS Tta Bupaxaetbca AobyTkOM npyxHOi aedopmadii
O(t) i cTanoi npyxXHocTi k KOHCTpykKuii LPS, HeobxigHo
po3rnsgatn ABa edekTn. BnacHa yactota mMexaHiuHux

D.4.2.1.2 Effects of electrodynamic forces

In terms of amplitude of applied force, the instantaneous
value of the electrodynamic force F(t) is proportional to
the square of the instantaneous current i(t). In terms of
the stress development within the mechanical LPS struc-
ture, expressed by the product of the elastic deformation
o(t) and the elastic constant k of the LPS structure, two
effects should be considered. The natural mechanical
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KonmBaHb (NOB'AI3aHa i3 MPYXHMMWU BrAcTUBOCTAMMU
KOHCTpyKUii LPS) Ta 3anuwkoBa pedgopmauis LPS
(noB's3aHa 3 1 NPAacTUYHUMKM  BNACTMBOCTSIMU) €
HanbinblW BaxnMBUMU napameTpamu. binbw TOrO,
y OaraTbOox BWMagkax BMMAMB CUIT TepTs B Mexax
KOHCTPYKLT TakoXX Mae Heabusike 3Ha4YeHHsI.

AMNNiTyga KomvBaHb MPYXXHOI  KOHCTPYKLIT LPS,
CMPUYMHEHMX enekTpoAMHaMIYHUMU 3ycunnamu,
NOpOMKEHUMU  CTPyMOM  Onuckaeku, Moxe 6yTu

OuUiHeHa 3a [onomorol AudepeHuianbHUX PiBHSHb
OpYyroro nopsigky; OCHOBHMM (DaKTOPOM € BifHOLLEHHS

TpUBanocCTi iMMAynbCy CTPyMy QO nepiody BriacHUX
MEXaHIYHUX KONMBaHb KOHCTpyKLii LPS. Tvnoga
ymoBa CcTOCcOBHO LPS nonsirae y Ttomy, Wo nepiogu

BMacHMX KONMUBaHb KOHCTPYKLUii Habarato gosLii 3a Ti,
O Yy MpUKIageHoi cunu (TpmearnicTb iMnynbCcy CTPyMy
fnunckaeku). Y LbOMy BMNagKy MakcMmMarbHa MexaHivyHa
Hanpyra BUHWKAaE MicNsa NPUNMHEHHS iMMyrbCy CTPyMY 1
Mae MiKoBe 3HAYEHHS, WO 3aNULLAETLCA HMKYMM MIKOBOTO
3HaYeHHs npuknageHoi cunu. Y OinblOCTi BMNaAKiB
MEXaHiYHOK Harnpyro MOXHa 3HEXTYBaTHU.

Mnactnyna pgedopmadis TpannseTbes, KOnu Hanpyra
PO3TArHEHHSI MEPEBULLYE MEXY MPYXHOCTI MaTtepiany.
Axkwo matepian LPS M'skuin, npumipom, antoMiHin ado
BignaneHa Migb, TO eNeKTpoAMHaMIYHI 3yCUnnsa MOXYTb
AedopmyBatu NpPOBIAHUKM y KyTi abo netni. OTxe,
KOMMNoHeHTU LPS mae Oyt nobygoBaHO TakuM YMHOM,
abu BuTpMMyBaTW Ui 3ycunns W BuKasyBaTW iCTOTHI
MPY>XXHi BNAacTUBOCTI.

3aranbHa MexaHidHa Hanpyra, npuknageHa oo
KOHCTpykuii LPS, 3anexuTtb Big iHTerpany 3a 4vacom
NpUKnageHol cunu n, BiANOBIAHO, Bid4 NUTOMOI eHepril,
noB'dA3aHol 3 iMNynscoM cTpymy. BoHa Takox 3anexuTb
Bif, dopmMu iMMAynbcy CTPyMy Ta WMOro TPWUBAroOCTI
(MopiBHSAHO 3 NEpioAOM BNACHMX KONMBAHb KOHCTPYKLT).
Yci ui napameTpu, Lo pobnaTb BMMMB, HaNeXuTb bpaTtu
[0 yBaru nig yac BunpobyBaHb.

D.4.2.2
XBuUnero

MowkKoaXeHHsA yOapHor AKyCTU4YHORO

Konn cTtpym 6nuckaBkm Tede [yrow, YTBOPHETLCSA
yOoapHa XBuWns. IHTEHCMBHICTb YyAapy 3anexuTb Bif
NIKOBOro 3HAYeHHS1 CTPYMYy W LUBWMAKOCTI HAPOCTaHHS

CTpyMmy.

Ha 3aran, MOLLUKOKEHHS  YOAPHOK aKyCTUYHOM
XBUIEK € MarnoBakHUM ANs MeTaneBux 4YacTuH LPS,
ane MoXe CMPUYUHUTU MOLLKOMKEHHS HABKOMULLHIX 00'EKTIB.
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frequency (linked with the elastic behaviour of the LPS
structure) and the permanent deformation of the LPS
structure (linked with its plastic behaviour) are the most
important parameters. Moreover, in many cases the ef-
fect of the friction forces within the structure are also of
significant importance.

The amplitude of the vibrations of the elastic LPS struc-
ture, caused by an electrodynamic force developed by
the lightning current, can be evaluated by means of sec-
ond order differential equations; the key factor is the ratio
between the duration of the current impulse and the peri-
od of natural mechanical oscillation of the LPS structure.
The typical condition encountered in LPS applications
consists of natural oscillation periods of the structure
much longer than that of the applied force (duration of
the lightning current impulse). In this case the maximum
mechanical stress occurs after the cessation of the cur-
rent impulse and has a peak value that remains lower
than that of the applied force. In most cases, maximum
mechanical stress can be neglected.

Plastic deformation occurs when the tensile stress ex-
ceeds the elastic limit of the material. If the material com-
posing the LPS structure is soft, for example aluminium
or annealed copper, the electrodynamic forces can de-
form the conductors in corners and loops. LPS compo-
nents should therefore be designed to withstand these
forces and to show essentially an elastic behaviour.

The total mechanical stress applied to the LPS structure
depends on the time integral of the applied force and
therefore on the specific energy associated with the cur-
rent impulse. It also depends on the shape of the current
impulse and its duration (compared with the period of
natural oscillation of the structure). All these influencing
parameters must therefore be taken into account during
testing.

D.4.2.2 Acoustic shock wave damage

When a lightning current flows in an arc a shock wave is
produced. The severity of the shock is dependent upon
the peak current value and the rate of rise of the current.

In general, the damage due to the acoustic shock wave
is insignificant on metal parts of the LPS but can cause
damage to surrounding items.



D.4.3 KombGiHOBaHi edhekTn

MpakTu4HO, TeNnoBi N MexaHivHi edekTn BigOyBaTbCS
OfHOoYacHO. FAKWO HarpiBaHHS martepiany KOMMOHEHTIB
(cTpwkHi, 3aTuMckadi  TOWoO) € JgocTaTHiM  Ans
PO3M'SIKLLUEHHS MaTepiany, TO MpU LbOMY MOXe
BMHUKHYTU Habarato CUnbHiWe MOLWKOMKEHHS, HiXK Y
iHWOoMY BUNagky. Y KpanHix BMnagkax npoBigHUK MOXe
OyT poO3TONfEeHUNn BUOYXOBUM YMHOM Ta CIPUUUHUTH
MOLUKOMKEHHS  HaBKOMWLLUHBOT  KOHCTPYKUii.  AKLWO
nonepeyvHnn nepepia MeTany € goctatHiv ans 6esneyHoi
poboT! y 3aranbHOMY CEHCi, HamneXuTb NepeBipATU
nULLe MEeXaHiyHy LiniCHIiCTb.

D.4.4 IckpiHHA

Ha 3aran, iCKpiHHS € BaxnvBMM nuvwe B YyMOBax
BOrHeHebe3ne4yHoro OTo4YeHHss abo 3a MpUCYTHOCTI
nerko3anMmcTux Matepisanis. Y BinblWOCTi NpakTU4HUX
BUMAAKIB ICKPIHHA He € BaXKNTMBUM 1151 KOMMOHeHTiB LPS.

TpannawTbecs ABa Pi3HUX TUMNK iCKPiHHS, TOGTO Tennose
iCKpIHHS Ta iCKpiHHA Yepe3 Hanpyry. Tennose iCKpiHHSA
BiAOYBaETLCHA, KONW OyXe 3HAYHWUWA CTPyM 3MYyLUEHUN
nepeTmHaTM Micue CTUKY [OBOX CTPYMOMpPOBIOHMX
maTepisnie. Tennose iCKpiHHS BigOyBaeTbLCA NepeBaXKHO
6ins kpaiB ycepeauHi 3’€QHaHHA, SKLWO WMOro 3aHapTo
cnabo 3aTarHeHo; ue BiglyBaeTbCcs NepegoBCiM Yepes
BMCOKY TYCTUHY CTPyMy W HELOCTaTHE 3aTArHEHHS
3'eQHaHHSA. [HTEHCMBHICTb TENMOBOrO iCKPiHHA NOB'A3aHa
3 MUTOMOK €EHEeprieto, W TOMY HanbinbLl KPUTUYHOK
dasoto Bnmnckaeky € NepLunin 3BOPOTHUI yaap. ICKpiHHSA
yepes Hanpyry BigOyBa€eTbCs, KOMM CTPyM 3MYLLUEHUN
TEKTU chiparibHUM LUAISIXOM, NPUMIPOM, ycepeauHi CTUKY,
AKWO Hanpyra, iHOykoBaHa y Taki neTni, nepeBuLlye
Hanpyry npobutTa MK MeTaneBMMuM YaCcTUHaMMU.
IHOykOBaHa Harnpyra € nponopuUinHOK iHOYKTUBHOCTI,
MOMHOXEHIN Ha KpyTiCTb CTpPyMy GnuckaBku. HanbinbLu
KPUTUYHUM KOMMOHEHTOM ICKPIHHA 4epe3 Hanpyry €
HaCTYNHUN HeraTUBHWUIA yaap.

D.5 KomnoHeHTu LPS, popeuHi npobnemu i Tectosi
napameTtpu

D.5.1 3aranbHi BigomMmocTi

Cuctemmn 3axucty Big ©OnuckaBkM cknagawTbcs 3
OEKiNbKOX Pi3HUX KOMMOHEHTIB, KOXHUM 3 SAKUX Mae
Yy CUCTEMi KOHKPEeTHY yHKUito. Tun KOMMOHEeHTIB Ta
KOHKPETHI OB TSXKEHHS, AKMM BOHU NiAAa0ThCH, BUMaratTb
crewianbHOro po3rnsaay npy BU3Ha4YeHHi nabopaTtopHux
TecTiB ANg nepeBipky IXHbOT NPOAYKTUBHOCTI.
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D.4.3 Combined effects

In practice, both thermal and mechanical effects occur
simultaneously. If the heating of the material of the com-
ponents (rods, clamps, etc.) is sufficient to soften the
materials, much greater damage can occur than other-
wise. In extreme cases, the conductor could explosively
fuse and cause considerable damage to the surrounding
structure. If the crosssection of the metal is sufficient to
safely handle the overall action, only mechanical integ-
rity need be checked.

D.4.4 Sparking

Sparking is generally important only in flammable envi-
ronments or in the presence of combustible materials. In
most practical cases, sparking is not important for LPS
components.

Two different types of sparking can occur, i.e. thermal
sparking and voltage sparking. Thermal sparking occurs
when a very high current is forced to cross a joint be-
tween two conducting materials. Most thermal sparking
occur near the edges inside a joint if the interface pres-
sure is too low; this is due primarily to high current den-
sity and inadequate interface pressure. The intensity of
the thermal sparking is linked to the specific energy and
therefore, the most critical phase of the lightning is the
first return stroke. Voltage sparking occurs where the cur-
rent is forced to take convoluted paths, e.g. inside a joint,
if the voltage induced in such a loop exceeds the break-
down voltage between the metal parts. The induced volt-
age is proportional to the self inductance multiplied by
the steepness of the lightning current. The most critical
lightning component for voltage sparking is therefore the
subsequent negative stroke.

D.5 LPS components, relevant problems and test pa-
rameters

D.5.1 General

Lightning protection systems are made of several differ-
ent components, each having a specific function within
the system. The nature of the components and the spe-
cific stresses to which they are subjected, require special
consideration when setting up laboratory tests to check
their performance.
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D.5.2 MNMepexonneHHs

Bnnve Ha cucTemy nepexonneHHss BUMHUKAE $K Big
MEXaHi4HOI, TaK i Big TePMIiYHOI Aii (K Npo Le NTUMETbCS
Hwkye y D.5.3, ane 3asHauMmo, WO 3Ha4YHa 4YacTuHa
cTpymy ©OnuckaBkum Oyge npoTikatM  MPOBiIAHMKOM
nepexonneHHs, SKUin 3a3HaB yaapy), a Takox, Yy Aeskux
BUNaZKax, Big Aii AyroBoi eposii, 0cobrnmBo y NpMpogHnX
KomnoHeHTax LPS, ak oT ToHki meTaneBi nokpieni abo
NnoKpuUTTA dhacagis (ae moxe BiabysaTucs nepdopyBaHHS
abo HagmipHe nNigBULLEHHSA Temnepatypyu 3agHboi
NOBEPXHIi) Ta HATAMHEHi NPOBIAHWKN.

Wono A4ii gyroeBoi  eposil, HanexuTb poarnsgatu
OBa TOMOBHUX TEeCTOBMX MNapameTpu, ToOTO 3apsa
[OBroTpMBAanoro CTpymy Ta Moro TpuBanicrb.

3apsiq BM3Hauvae JonnuB eHeprii y Ay3i. 3okpema,
yAapu BenuKoi TPUBAnocCTi, 9K BUOAETbCH, € HanbinbLu
BaroMMMn [Onsi UbOro BMMBY, ToAi $SIK KOPOTKMMM
yaapaMy MOXHa 3HeXTyBaTu.

TpuBanicte CTpyMy rpae BaxnuBy ponto y nepegadi
Tennotu Ao Matepiany. TpuBanicTb CTpyMy, SKWK
npUKNagaeTbCcss nNpu TecTyBaHHi, Mae Bignosigatn
TpuBanocTi gosroTpmBanux yaapis (Big 0,5 ¢ go 1 c).

D.5.3 [lo3eMHi npoBigHUKK

BnnmBn  Ha  [OO3eMHi NPOBIOHWKM,  CMPUYUHEHI
OnunckaBKOK, MOXXHa PO3AINUTI Ha OBi FONOBHI KaTeropii:

- TennoBsi eheKTy BHACIIAOK OMIYHOIO HarpiBaHHS;

- MexaHiYHi edeKTn, MOoB'A3aHi 3 MarHeTHo
B3aEMOLI€0, Komnm CTpyM onunckaeku
po3rany>yeTbCs MPOBiAHMKaAMM, PO3TaLLOBaHNMU
OLMWH NopsAa 3 0O4HUM, abo KonuM CTPYM  3MiHIOE
HanpsiMoOK (BUrMHK abo 3’€QHaAHHST MPOBIOHUKIB,
pO3TaLLOBaHUX MiJ NEBHWM KYTOM OAMH OAHOrO).

Y GinbLIOCTi BUNAAKIB Ui ABa eeKTU OiloTb He3anexHo
O[VH Bi OAHOrO 1 ANg NepeBipKM KOXXHOro epekTy MOXHa
NpOBOAMTK OKpeMi nabopatopHi TecTu. Llen nigxig moxe
OyTn 3acTOCOBaHUM y BCiX BUNagKax, KONM HarpiBaHHs,
3yMOBIeHe NPOoTiKaHHAM CTpyMy OrMCKaBKKM, CYyTTEBO He
3MIHIOE MEXaHiYHi XapaKTepUCTUKN.

D.5.3.1 OmiyHe HarpiBaHHSs

PospaxyHku ¢ BMMIpIOBaHHS CTOCOBHO HarpiBaHHSA
NPOBIOHWUKIB BHACNIAOK NPOTiKAHHA CTpyMy Gnuckasku
NPOBIAHWKOM AN PI3HUX MNOMEepeYHuX nepepisis Ta
mMaTtepianis Oyrno onybnikoBaHO Kiflbkoma aBTOPaMMU.
OcHOBHI pesynstatv y Burmagi rpadikis i copmyn
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D.5.2 Air termination

Effects on air-termination systems arise from both me-
chanical and thermal effects (as discussed below in
D.5.3, but noting that a high proportion of the lightning
current will flow in an air-termination conductor which is
struck) and also, in some cases, arc erosion effects, par-
ticularly in natural LPS components such as thin metal
roof or wall skins (where puncture or excessive rear sur-
face temperature rise may occur) and suspended con-
ductors.

For arc erosion effects, two main test parameters should
be considered, i.e. the charge of the long duration cur-
rent and its duration.

The charge governs the energy input at the arc root. In
particular, long duration strokes appear to be the most
severe for this effect whilst short duration strokes can be
neglected.

The duration of the current has an important role in the
heat transfer phenomena into the material. The duration
of the current applied during the tests should be compa-
rable to those of long duration strokes (0,5 s to 1 s).

D.5.3 Down-conductors

Effects on down-conductors caused by lightning can be
divided into two main categories:

- thermal effects due to resistive heating;

- mechanical effects linked with the magnetic in-
teraction where the lightning current is shared by
conductors positioned in the vicinity of one anoth-
er or when the current changes direction (bends
or connections between conductors positioned at
a given angle with respect to one another).

In most cases, these two effects act independently from
each other and separate laboratory tests can be carried
out to check each effect from the other. This approach
can be adopted in all cases in which the heating devel-
oped by the lightning current flow does not modify sub-
stantially the mechanical characteristics.

D.5.3.1 Resistive heating

Calculations and measurements relating to the heating
of conductors of different crosssections and materials
due to lightning current flowing along a conductor have
been published by several authors. The main results in
terms of plots and formulae are summarized in D.4.1.1.



HaBegeHo y D.4.1.1. Tomy, y 3aransHoMy Bunagky, ans
nepesipkn NOBEAIHKM NPOBigHNKA CTOCOBHO MigBULLEHHSA
TemnepaTypu, npoBedeHHA nabopaTopHWX TecTiB €
3anBuM.

Y BCiX BMNagkax, Konu BuMMaraetbcsi nabopartopHe
BUNpobyBaHHS, Hanexutb ©6patm p[o yearM  Taki
MipKyBaHHS:

- FONTIOBHUMU TECTOBMMU MapamMeTpamMu, aKki mae
OyTK PO3rNSAHYTO, € MMTOMA EHEepris 1 TpMBanicTb
iMMyrbCy CTpyMmY;

- nuToma eHepris BU3Ha4ae NiABULLIEHHS
TemnepaTypu BHacnigok [Joynesoro HarpiBaHHs,
CMPUYNHEHOTO MPOTIKAHHAM CTPyMy OnmMcKaBKu.
Uuncnosi 3HayeHHsA, ski Mae OyTu po3rmsHyTO,
BignoBsigaloTe nepomy yaapy. [NomipkoBaHi aaHi
OTPMMaHO 3a po3rnsaay NO3UTUBHUX YA APIB;

- TpuBanicTb iMMNynbCy CTPyMy Mae BupillanbHUn
BMIMB  Ha  TenmnooOMmiH BiAHOCHO  yMOB
cepefoBulla, sIKe  OTOMYE  pO3rnsigyBaHWN
npoBigHuK. Y 6inblOCTi BMNaakiB TpuBanicTb
iMNynbCy CTPYMY € TaKOk KOPOTKO, L0 NpoLec
HarpiBaHHs1 MOXe po3rnsiaaTucs sik agiadbaTtHuin.

D.5.3.2 MexaHi4yHi BNnnMBMn

Ak ue obrosoptoBanoca y D.4.2.1, mexaHivHi B3aemogii
BMHUKAKOTb MK NPOBiAHMKAMMU, SKUMW MPOXOAUTH CTPYM
onuckaekn. Cuna € nponopuiinHo [00YTKY CTpyMiB, LLO
npoTikalTb npoBigHMKamn (abo KBagpaTy CTpymy,
AKLWO PO3MmMsAAaeTbCa OQUHUYHWIA 3irHYTUA MPOBIOHKK) i
0bepHeHo NpPonopLifHOK BiACTaHI MiXX NPOBigHNKaAMMN.

3BuyanHa cuTyauisi, 3a sIKoi MOXe TpanuTUcs BUOUMUIA
edeKT, BUHUKAE, KOMW MPOBIOHWK YTBOPKE NETMO
abo € 3sirHytum. Konm cTpym OnuckaBkuM npoTikae
TakMM MPOBIAHMKOM, TO Ha Uen NpOoBIgHUK Oyae AisTu
MeXaHiyHa cvna, Lo HaMaraTMMeTbCs BUTATHYTU KOHTYP
i BUMPAMUTU KyT, 3rMHaKOYM MNPOBIOHWK Y 3BOPOTHUN
Oik. BennuuHa Takoi cunu € NponopuiiHoOK KBagpary
amnniTyaun cTpymy. HanexumTb, ogHave, Y4iTko pO3pi3HATU
erekTpoaMHaMIYHY CuUIy, ika € NPOMNOpLiIMHOK KBagpaTty
amnniTygu cTpymy, Ta BigNoBigHY Hanpyry, Ska 3anexuTb
B, MPY>XHMX BNACTUBOCTEN MeXaHiYHOI KOHCTPYKLUIT LPS.
[ns koHcTpykuin LPS 3 BiAHOCHO HM3bKKMMW BracHMMM
YacTtoTamu, Harmpyra, WO BWHUKAE B KOHCTPYKLUii LPS,
Oyae 3HAYHO HUXKYO0 32 eNEKTPOMarHeTHy cuny. Y ubomy
BUMaAKy NlabopaTopHi TeCTU ANs NePEeBipKM MEXaHivHOi
noBefiHKNU NPOBiAHWKA, 3irHYTOro nig MNpsiMMM  KyTOM
He € NOTPIGHVMMMK, SKLLO BUKOHYHOTBCS BUMOTM LIbOrO
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No laboratory test is therefore necessary, in general, to
check the behaviour of a conductor with respect to tem-
perature rise.

In all cases for which a laboratory test is required, the fol-
lowing considerations shall be taken into account:

- the main test parameters to be considered are the
specific energy and the impulse current duration;

- the specific energy governs the temperature rise
due to the Joule heating caused by the flow of the
lightning current. Numerical values to be consid-
ered are those relevant to the first stroke. Con-
servative data are obtained by considering posi-
tive strokes;

- the impulse current duration has a decisive influ-
ence on the heat exchange process with respect
to the ambient conditions surrounding the consid-
ered conductor. In most cases the duration of the
impulse current is so short that the heating pro-
cess can be considered to be adiabatic.

D.5.3.2 Mechanical effects

As discussed in D.4.2.1, mechanical interactions are de-
veloped between conductors carrying lightning current.
The force is proportional to the product of the currents
flowing in the conductors (or to the square of the current
if a single bent conductor is considered) and is linked
with the inverse of the distance between the conductors.

The usual situation in which a visible effect can occur is
when a conductor forms a loop or is bent. When such
a conductor carries the lightning current, it will be sub-
jected to a mechanical force which tries to extend the
loop and to straighten the corner and thus to bend it
outward. The magnitude of this force is proportional to
the square of the current amplitude. A clear distinction
should be made, however, between the electrodynamic
force, which is proportional to the square of the current
amplitude, and the corresponding stress dependent on
the elastic characteristics of the mechanical LPS struc-
ture. For LPS structures of relatively low natural frequen-
cies, the stress developed within the LPS structure would
be considerably lower than the electrodynamic force. In
this case, no laboratory test is necessary to check the
mechanical behaviour of a conductor bent at a right-an-
gle as long as the cross-sectional areas of the present
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CTaHOapTy Yy YacTuHI NIoLLi NonepeYHoro nepepisy.

Y Bcix BUNagkax, Ans Skux € HeobXiaHMM NpoBeaeHHSs!
nabopatopHux BunNpobyBaHb (0COBNMBO AN TOHKMX
MaTepianis), Ui MipKyBaHHA Mae OyTu BpaxoBaHoO.
Hanexutb BpaxoByBaTM Tpu napamMeTrpu nepLuoro
3BOPOTHOrO yAapy: TPMBanicTb, MMTOMAa eHepris iMnynbey
CTpyMy Ta, y BWMAAKy XOPCTKMX CUCTEM, amnnityga

CTpyMmy.

TpuBanicTb iMNynbCy CTPYMYy, Y NMOPIBHSHHI 3 Nepiogom
BMACHUX MeXaHiYHMX KONMUBaHb KOHCTPYKUii LPS,
BM3HA4Ya€e TUM MEXaHIYHOro BIAryKy CUCTEMWU Y CEHCI
3MIiLLEHHS:

- AKLLO TpMBanicTb iMNynbcy € HabaraTto KOPOTLLOK

3a nepiog BNacHUX MEeXaHIYHUX KONMBaHb
KOHCTpyKUii LPS (HopManbHWin BuNagok And
KOHCTpyKUii  LPS, ypaxenun  imnynbcamu

Onunckaekn), Maca 1 Npy>xHicTb cuctemn obepirae
1T BiZ 3MilLleHHs Ta BigNoBigHa MexaHiYHa Hanpyra
iCTOTHO 3aneXxuTb Big MMTOMOI eHeprii iMnynbcy
cTpymy. likoBe 3HauYeHHs iMNyrbCcy CTPyMy Mae
oBMmeXeHun BNnuB.

- AKwo TpuBanicTb iMMNynbCcy € MopiBHAHHOK abo
BOHa MepeBuLLYE Mepiof BrACHUX MEeXaHiYHUX
KONMBaHb KOHCTPYKLLiT, 3MiLLIEHHS cUCTEMU € BinbLu
YYTNUBMM [0 OPMU MPUKNALEeHOT Hanpyru.
Y ubomMy BMMagky 3a BunpobyBaHb HanNexuTb
BiATBOPOBATU MiKOBE 3HAYEHHS iMMYNbCy CTPyMy
Ta NOro NUTOMY eHeprito.

[MnToma eHepria iMOynbCy CTPyMy BW3HA4Yae Hanpyry,
WO CRAPUYMHAE TMPYXHY W nnactudHy aedopmadiio
KoHCTpyKuUii LPS. Yucnosi 3HaveHHs, ki mae 6ytu
BpaxoBaHO, BiANoOBigal0Tb NepLLIOMY yaapy.

MakcrmanbHi 3HaYeHHA iMMYTbCHOrO CTpymy
BM3HAYalOTb  OOBXMHY  MaKCUMarbHOIO  3MilLlEHHS
KOHCTPYKLUIT LPS y BUNagKy )XOpCTKUX CUCTEM, LLIO MatoTb
BUCOKi YacTOTWN BracHUX KonneaHb. YMcnoBi 3Ha4YEeHHH,
sKi Mae OyTn BpaxoBaHoO, BigNoBigaoTb NepLlomMy yaapy.

D.5.3.3 Cnony4Hi KOMNOHEHTHN

KomMnoHeHTH, 4ki cnomyyatTb CyCigHi  NPOBIOHWUKN
LPS, € MOXNMBMMKM TOYKaMK MEXaHIYHOI 1 TennoBol
BPa3NMBOCTI, Y AKX BUHWKAIOTb JY>KE BUCOKI OO TAXKEHHS.

FAKLLO 3MyYHMK pO3TaLLOBaHO TAaKMM YMHOM, LLIO NPOBIAHMK
YyTBOPIOE MNPSAMUA  KyT, TOMOBHWUA BMNUB OOTSBKEHb
MoB'A3aHO 3 MeXaHiYHUMW cunamu, SKi - nNparHyTb
BUMNPAMWUTL CMUCTEMY NPOBIOHWKIB Ta Mmogonatn Cumm
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standard requirements are fulfilled.

In all cases for which a laboratory test is required (es-
pecially for soft materials), the following considerations
should be taken into account. Three parameters of the
first return stroke are to be considered: the duration, the
specific energy of the impulse current and, in the case of
rigid systems, the amplitude of the current.

The duration of the impulse current, compared with the
period of the natural mechanical oscillation of the LPS
structure, governs the type of mechanical response of
the system in terms of displacement:

- If the duration of the impulse is much shorter than
the period of natural mechanical oscillation of the
LPS structure (normal case for LPS structures
stressed by lightning impulses), the mass and
elasticity of the system prevents it from being dis-
placed appreciably and the relevant mechanical
stress is essentially related to the specific energy
of the current impulse. The peak value of the im-
pulse current has a limited effect.

- If the duration of the impulse is comparable with or
higher than the period of natural mechanical oscil-
lation of the structure, the displacement of the sys-
tem is more sensitive to the shape of the applied
stress. In this case, the peak value of the current
impulse and its specific energy needs to be repro-
duced during the test.

The specific energy of the impulse current governs the
stress causing the elastic and plastic deformation of the
LPS structure. Numerical values to be considered are
those relevant to the first stroke.

The maximum values of the impulse current govern the
length of the maximum displacement of the LPS struc-
ture, in case of rigid systems having high natural oscilla-
tion frequencies. Numerical values to be considered are
those relevant to the first stroke.

D.5.3.3 Connecting components

Connecting components between adjacent conductors
of an LPS are possible points of mechanical and thermal
weakness where very high stresses occur.

In the case of a connector placed in such a manner as
to make the conductor follow a right angle, the main ef-
fects of the stresses are linked with mechanical forces
which tend to straighten the conductor set and overcome



TepTa MK CMOMy4YHUM KOMMOHEHTOM WM MpPOBIAHMKaAMMU
TaKnMM YNHOM, abu BUCMUKHYTU NPOBIAHMKN 3i 3'€QHAHHS.
TakoX € MOXIMBUM PO3BUTOK AYr y TOYKaX KOHTAKTYy
OKpeMUX YacTuH. [1o TOoro X, 3Ha4HUN edekT Mae
HarpiBaHHs, 3yMOBflEHE KOHLIEHTpaUieto CTpyMy Ha
MarnuX KOHTaKTHUX MOBEPXHSIX.

JlabGopaTopHi BMNpPOOYyBaHHSA MoOKa3anu, WO BaXKo
BigokpemMuTn Oii  ogHy Bi4 OAHOI 3a HasiBHOCTI
KOMMMEKCHOro cuHepriamy. Ha wmexaHiyHy MiuHicTb
BMSIMBAE JIOKanbHe TOMMEHHS 30HU KOHTaKTy. BigHOCHI
3CYBW CMOMYYHUX KOMMOHEHTIB CNPUSAIOTbL PO3BUTKY OyT 1
Bi4NOBIAHOMY iIHTEHCMBHOMY BUAINEHHIO TEMMOTHU.

3a  BigcyTtHocTi  gieBoi mopgeni,  nabopaTopHi
BMNPOOYBaHHS HANEXWTb BUKOHYBATM TakKMM YMHOM, abu
npegcTtaBMTM SKHaANOQOKNadHiWwe BiAnoOBigHI napameTpu
CTpPyMy BrnMCKaBKM B HAMKPUTUYHILLMX CUTYaLisiX, TOBTO
BiQNOBIOHI MapameTpu CTpymy OnuckaBkM Mae OyTu
NpeacTaBrieHo y EANHOMY eNeKTPUYHOMY TeCTi.

Y ubOMy BMNaAKy HaNeXuTb po3rnsaaaTv Tpu napameTpu:
NiKoBE 3HAYEHHS, MMTOMY eHeprito 1 TPMBanNICTb iMMynbCy

CTpymy.

MakcrMarnbHi 3Ha4eHHS iMMYbCHOro CTPYMY BU3HAYaoThb
MakcumarnbeHy cuny, abo, SKWOo enekTpoauHamiyHa
PO3TSXKHA Cuna MepeBuWMTb CUNy TepTH, OOBXMHY
MaKCUMarnbHOro 3MileHHs KOHCTpykuii LPS. Yucnosi
3HaYeHHs, 4AKi HanexuTb BpaxoByBaTW, BiAMNOBI4aKTb
nepwomy yaapy. HagiviHi gaHi moxkHa otpumaru, 6epy4n
00 yBarv No3UTUBHI yaapw.

lMuToma eHepris iMNynbCcy CTPyMy BU3Ha4Ya€e HarpiBaHHS
KOHTaKTHUX MOBEPXOHb, A€ CTPYM KOHLEHTPYETbCSA Ha
HEBENUKMX OingHkax. YncnoBi 3HA4YeHHS, sIKi HaneXuTb
BpaxoByBaTu, BignosigalTb nepLlioMy yaapy. HaginHi
OaHi MOxHa oTpumatun, bepyyn OO yBarm MO3UTUBHI
yAapw.

TpuBanicTb iMAynbCy CTPyMy BU3Ha4Yae MakcumarnbHe
3MilLleHHS1 KOHCTPYKLi nicns Toro, sk 6yae nepeBuULLEHO
cunn TepTs, Ta Bifgirpae BaxnuMBy pomn Yy MpoLeci
nepegadi TennoTu 4o marepiany.

D.5.3.4 3emnsiHe 3aKiHYeHHS

PeanbHi npobnemu 3 enektpogamu  3eMIISIHOMO
3aKiHY4eHHS NOB'A3aHi 3 XiMIYHOK KOPOSIEH0 N MEXaHIYHUMM
MOLUKOPKEHHSIMW,  CMIPUYMHEHMMW  CUnamu, SKi- €
BiAMIHHMMW Bif enekTpoaMHaMIYHUX cun. Y NpakTUYHUX
BMMAZKax, ernekTpoayroBa eposis y3eMIloBanbHOro
erneKkTpoay Y3eMIIeHHSI He Ma€ OCOBNMMBOrO 3HAYEHHS.
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the friction forces between the connecting component
and the conductors, thus pulling the connection apart.
The development of arcs at the points of contact of the
different parts is possible. Moreover, the heating effect
caused by the concentration of current over small con-
tact surfaces has a notable effect.

Laboratory tests have shown that it is difficult to sepa-
rate each effect from the others as a complex synergism
takes place. Mechanical strength is affected by local
melting of the area of contact. Relative displacements
between parts of the connection components promote
the development of arcs and the consequential intense
heat generation.

In the absence of a valid model, laboratory tests should
be conducted in such a way as to represent as closely
as possible the appropriate parameters of the lightning
current in the most critical situation, i.e. the appropriate
parameters of the lightning current shall be applied by
means of a single electrical test.

Three parameters should be considered in this case: the
peak value, the specific energy and the duration of the
impulse current.

The maximum values of the impulse current govern the
maximum force, or, if and after the electrodynamic pull-
ing force exceeds the friction force, the length of the
maximum displacement of the LPS structure. Numerical
values to be considered are those relevant to the first
stroke. Conservative data are obtained by considering
positive strokes.

The specific energy of the current impulse governs the
heating at contact surfaces where the current is concen-
trated over small areas. Numerical values to be consid-
ered are those relevant to the first stroke. Conservative
data are obtained by considering positive strokes.

The duration of the impulse current governs the maxi-
mum displacement of the structure after friction forces
are exceeded and has an important role in the heat
transfer phenomena into the material.

D.5.3.4 Earth-termination

The real problems with earth-termination electrodes are
linked with chemical corrosion and mechanical damage
caused by forces other than electrodynamic forces. In
practical cases, erosion of the earth electrode at the arc
root is of minor importance. It is, however, to be consid-
ered that, contrary to air-terminations, a typical LPS has
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OpHak, HeobxigHO BpaxoByBaTu, WO Ha BIAMIHY Bif
onunckaBkoBiaBoais, Tunosa LPS mae kinbka 3eMnsaHux
3aKkiH4eHb. CTpym OnuMcKaBkM pO3MOAINAETbCA MK
JeKinbkoMa y3eMmoBanbHUMW enekTpogaMu i, Takum
YMHOM, CMPUYMHSE MEHLUMI BNAMB. Y LbOMY BUNagky

HanexuTb po3rnsagatM ABa  TOMOBHUX  TECTOBUX
napameTpu:
- 3apsa BM3Ha4ae JonnvB eHeprii o

NPUEeNeKkTPOAHO! 30HU Ayrn. 30Kpema, BHECKOM
nepLloro yaapy MoxHa 3HexTyBaTu, To4i SK AOBri
yaapu cnpaenslTb Oinbll cyBopy Aito Ha uew
KOMTMOHEHT;

- TpuBanicTb iMMynbCy CTPyMy Bifirpae BaXKMBy
ponto y NpoLeci nepegadi TennoTn o martepiany.
TpuBanictb iMAynbCIB CTPYMY, SKi NPUKNagaTbes
nig vac TectiB, Mmae 6yTy NOPIBHAHHO i3 4OBrMMM
yaapamu (Big 0,5 go 1 c).

D.6 MpucTtpoi 3axucTy Bifg iMNynbCHMUX nepeHanpyr
(SPD)

D.6.1 3aranbHi BigomocTi

Ois  Hanpyru Ha SPD, cnpuunHeHa OGnuckaekoto,
3anexuTb Big Tuny posrngaysaHoro SPD, 3 ocobnusoto
yBaro A0 TOro, € YN BiACYTHIN iCKPOBUIA MPOMIXKOK.

D.6.2 SPD, siki MmicTATL iCKPOBi NPOMiXKMN

Bnnue Ha iCKpoBi NPOMIXKW, CIPUYUHEHUIA BNMCKaBKO,
MOXHa PO3AINMTN Ha OBi OCHOBHMX KaTeropii:

- eposis  enekTpoAiB  MPOMIKKY  HarpiBaHHsM,
TonneHHAM abo BMNapoByBaHHAM MaTtepiany:

- MEexaHi4yHa  Harpyra,
XBUITEI BUCHArW.

CMpVYYMHEHa  yOapHOLo

Bkpai BaXkko AocniaxXysaTu Li BAVBM OKPEMO, OCKINbKU
obuaBa nos's3aHi KOMMNIEKCHUMW CriBBiAHOLLIEHHAMN 3
OCHOBHUMW NapameTpamu CTpyMy GrivckaBku.

Onsa ickpoBMx NpoMixkiB nabopaTtopHi BUNpobyBaHHS
HaneXxuTb BUKOHYBaTW TakUM YMHOM, abu npeacTaButu
siIKkomora GinbLU BiANOBIAHI NapaMeTpu CTpyMy GrnckaBkm
y skomora Oinbll KPUTUYHUX cCuUTyauisax: TobTO yCi
BiOMNOBIAHI NnapameTpu cTpymy 6nuckaekv MaloTb ByTu
NpeacTaBreHi y OAHOMY eNEeKTPUYHOMY OOTSIKEHHI.

Y ubOMy BUMNaAKy HanexuTb Opatu Oo yBarn N'atb
napamMeTpiB: MiKOBe 3Ha4YeHHs, 3apsd, TpuBanicTb,
NMUTOMY €Heprito i WBMAKICTb HAPOCTaHHS iMMYMNbCHOIO

CTpymy.
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several earth-terminations. The lightning current will be
shared between several earthing electrodes, thus caus-
ing less important effects at the arc root. Two main test
parameters should be considered in this case:

- the charge governs the energy input at the arc root.
In particular, the contribution of the first stroke can
be neglected since long duration strokes appear
to be the most severe for this component;

- the duration of the current impulse has an impor-
tant role in the heat transfer phenomena into the
material. The duration of the current impulses ap-
plied during the testing should be comparable to
those of long duration strokes (0,5 s to 1s).

D.6 Surge protective device (SPD)

D.6.1 General

The effects of the stress on an SPD caused by lightning
depend on the type of SPD considered, with particular
reference to the presence or absence of a gap.

D.6.2 SPD containing spark gaps

Effects on spark gaps caused by lightning can be divided
into two major categories:

- the erosion of the gap electrodes by heating, melt-
ing and vaporizing of material;

- the mechanical stress caused by the shock wave
of the discharge.

It is extremely difficult to investigate separately these ef-
fects, as both are linked with the main lightning current
parameters by means of complex relationships.

For spark gaps, laboratory tests shall be conducted in
such a way as to represent as closely as possible the ap-
propriate parameters of the lightning current in the most
critical situation, i.e. all the appropriate parameters of the
lightning current shall be applied by means of a single
electrical stress.

Five parameters shall be considered in this case: the
peak value, the charge, the duration, the specific energy
and the rate of rise of the impulse current.



MMikoBe 3Ha4YeHHs BU3HA4Ya€ [HTEHCUBHICTb YyOapHOI
XBUMi. Y1CnoBi 3Ha4YeHHs, K HaneXxuTb bpaTy 0o yBarw,
BignosigatoTe neplwomy yaapy. HaginHi gaHi MoxHa
ofepxaTun po3rnagaroym No3nTUBHI yaapu.

3apsg Bu3Havae 4onnmBe eHeprii 4o ayru. EHepria y gysi
HarpiBaTume, TONMUTUME W, MOXIMBO, BMNapoByBaTUMeE
YacTUHY MaTepisny €eneKkTpoay Y Touui OOTMKY OYru.
UucnoBi 3HaYeHHsl, $Ki HaneXuTb BpaxoByBaTw,
BigNoBigaloTb yCbOMy cnanaxy 6nuckaBkn. OpHak,
3apagoM  TpuBanoro CTpymy Yy ©Oaratbox Bunagkax
MOXHa 3HEXTyBaTW, 3anexHo Big KOHQirypauii cuctemu
enektpoxueneHHsa (TN, TT a6o IT).

TpuBanicTb iMMyrnbCy CTPyMy BU3Ha4ae npouec nepegaui
TennoTu 4O Macu enekTpoay 1, Ak HacrigokK, NpoCyBaHHS
GPOHTY TOMNEHHS.

lMuToma eHepris iMNynbCy CTPyMy BU3Ha4ae MarHeTHe
CaMO-CTUCHEHHS Ayru Ta di3nKy nnasmMoBuX CTPYMEHIB
enekTpody, WO MOBCTalTb Ha MOBEPXHi MOAiNny Mix
€enekTpoaoOM N Oyrow (WO MOXe pOo3AMyXaTu 3HadHy
KINbKICTb pO3TONMIEHOro Matepiany). YncnoBsi 3Ha4YeHHs,
AKi HeoOXiAHO BpaxoByBaTuW, BiOMNOBIAAOTL MNeEpLUIOMY
yaapy. HapgivHi gaHi MoxHa opepxaTtu npu posrnagi
NMO3NTUBHUX yaapis.

NPUMITKA: [Ona

cuctemax erieKTpoXuBIEHHA,

iCKPOBMX MPOMIXKIB, LLO BWKOPUCTOBYIOTLCH Y
MOXNMBa amnniTyaa CynpoBigHOro
CTPyMy NPOMWCIOBOI 4acTOTVM $BMASiE€ COOOK BaxKNMBUN haKTop

BnnnBy, KU HAaNeXnTb 6paTVI [0 yBaru.
D.6.3 SPD, wo MicTATb MeTan-okcuaHi Bapuctopu

OOTSKEHHSA METaN-OKCUOHNX BapUCTOPIB, CMPUYMHEHMX
ONUCKaBKOK, MOXHa po34inuTM Ha [OBi  OCHOBHI
KaTeropii: nepeobTsHKEHHs W MOBepxXHeBU nNpobin.
KoxxHa KkaTeropisi xapakTepusyeTbCcs pexxumamMmuy BigMOB,
NMOPOMAXKEHMX PIi3HUMM sIBULLAMU Ta OOBYyMOBREHUMMU
pisHMMM napameTpamu. BigmoBa meTtan-okcngHux SPD
noB'3aHa 3 WNOr0 HaNHWXYMMWU XapakTepucTukamu,
M OTXXe HaBpsd YM MOXe TPanuTUCH CUHEPriaM MiX
Pi3HMMHK datanbHUMM  0o6TsSXKeHHsAMU. BupaeTtbes,
O MNPUAHATHUM Oyoe NpOBOAMTU OKpeMmi TecTu, abu
nepeBipuTU MOBEAiIHKY 3a KOXHOI 3 YMOB BiMOBW.

[MepeobTKEHHS CNPUYUHAIOTBECA TUM, WO KifbKiCTb
MOrMMHEHOI eHeprii NepeBnLLYE MOXITMBOCTI NPUCTPOIO.
HagnvwkoBa eHepria, ska TyT pO3rMsgaeTbes,
HanexuTb Ao Aaii BnacHe 6nuckasku. MNpote, ana SPD,
SKi  BCTAQHOBMIEHO Yy CUCTEMAX ENEKTPOXMBIEHHS,
CYMpOBIOHWIA CTPYM, L0 YMOPCKYETLCA OO0 MNPUCTPOIO
CUCTEMOIO KMBIIEHHSI HEramHo nicna  NPUNUHEHHS
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The current peak value governs the severity of the shock-
wave. Numerical values to be considered are those rel-
evant to the first stroke. Conservative data are obtained
by considering positive strokes.

The charge governs the energy input in the arc. The en-
ergy in the arc will heat up, melt and possibly vaporize
part of the electrode material at the attachment point of
the arc. Numerical values to be considered are those rel-
evant to the whole lightning flash. However, the charge
of the long duration current can be neglected in many
cases, depending on the configuration of the power sup-
ply system (TN, TT or IT).

The duration of the impulse current governs the heat
transfer phenomena into the mass of the electrode and
the resulting propagation of the melt front.

The specific energy of the current impulse governs the
self-magnetic compression of the arc and the physics of
the electrode plasma jets developed at the interface be-
tween the electrode surface and the arc (which can blow
out a significant amount of molten material). Numerical
values to be considered are those relevant to the first
stroke. Conservative data are obtained by considering
positive strokes.

NOTE For spark gaps used on power supply systems, the possible
power frequency follow current amplitude constitutes an important

stress factor, which must be taken into consideration.

D.6.3 SPD containing metal-oxide varistors

Stress to metal-oxide varistors caused by lightning can
be divided into two main categories: overload and flash-
over. Each category is characterized by failure modes
generated by different phenomena and governed by dif-
ferent parameters. The failure of a metal-oxide SPD is
linked with its weakest characteristics and therefore it is
unlikely that synergism between different fatal stresses
can occur. It appears, therefore, to be acceptable to car-
ry out separate tests to check the behaviour under each
failure mode condition.

Overloads are caused by an amount of absorbed ener-
gy exceeding the capabilities of the device. The exces-
sive energy considered here is related to the lightning
stress itself. However, for SPDs installed on power sup-
ply systems, the follow current injected in the device by
the power system immediately after the cessation of the
lightning current flow can also play an important role in
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NpoTikaHHA CTPyMy BnmnckaBku, MOXE TaKoX BiirpaBaTu
BaXNIMBY POSI0 Y PYMHIBHOMY MOLIKOMXKEHHI SPD.
HapewrTi, SPD wmoxe ©OyTu 3pyrWHOBaHO BHacnigok
TEennoBoi HecTabinbHOCTI 3a MpuKnageHoi Hanpyru 3
ornsgy Ha HeratMBHUW TemnepaTypHuUn KoediuieHT
BONbT-aMMepHOi  XapakKTepucTuknm peauctopis. [Onsa
MO EentoBaHHS nepeobTsKEHHA MeTan-oKCUAHMX
BapucTOpiB Mae OyTM  pO3MMSAHYTO OOWH OCHOBHUM
napameTp: 3apsag.

3apsg BU3Ha4Yae HagxomKeHHS eHeprii 4o 6noky meTan-
OKCUHMWX Pe3nCTopIB 3a YMOBU HE3MIHHOCTI 3aMnULLKOBOI
Hanpyrn 6rnoky MeTan-oKCUAHMX pesucTopiB. Yncnosi
3HaYeHHsA, ki Mae OyTu BpaxoBaHO, BigMOBIOATb
cnanaxy 6nmckaeku.

MprynHOK NOBEPXHEBMX MPOBOIB Ta PO3KOSOBaHbL € Te,
LLIo amnAiTyaa iMnynbsciB CTPYMY NepeBuLLye MOXITUBOCTI
pesucTopiB. Llen xapaktep BigMOBMK 3a3BMYan CBIgYUTb
npo MoBepPXHEBI MPOOOiI y3O00BX OOOMOHKM, SAKi 4acom
AicTaloTbCsi o OBroKy pe3ncTopiB, CIPUYMHSAYN TPILLMHY
abo oTBip nepneHauKynsapHo Ao ob6onoHku. Bigmosa
nepeBaXXHO TMOB'A3aHa 3 BTPaATO  AieNeKTPUYHMX
BracTMBocTelr 060MoHKN BNoKy pe3ncTopis.

[ns MoaentoBaHHS LpOro ABuLLa BnncKkaBkM HaNEeXuTb
PO3rMsHYTM [Ba OCHOBHWX MapamMeTpu: MakcumarbHe
3HaYeHHA 1 TPUBANICTb iIMMYrNbCY CTPYMY.

MakcrMMarnbHe 3Ha4eHHs1 iMMyrbcy CTPYMy BU3HAYaEe,
yepes3 BIOMOBIOHWA piBEHb 3anMLLKOBOI Hampyru, 4u
Oyge nepeBULLIEHO MakcMMarbHa MILHICTb AienekTpuka
000noHKN pe3ncTopis. YNCnoBi 3HAYEHHS, SIKi HANEXUTb
BpaxoByBaTW, BignMoBigatTb nepliomy yaapy. Haginui
OaHi MOXXHa ogep)xaTv Npy po3rnsAdi NoO3UTUBHMX yaapiB.

TpuBanicte iMMynbCcy CTPyMy BM3Ha4Yae TpuBanicTb
BMMMBY [AIE€NEeKTPUYHOrO OOTSXKEHHA Ha OOOMOHKY
pesncTopiB.

D.7 Ornag TecTOBMX NapamMeTpiB CTOCOBHO

BUNpPoOyBaHb KOMMNOHEHTIB LPS

Y Tabnuui D.1 HaBegeHi Hanbinbl KPUTUYHI acnekTu
KOXXHOro KomnoHeHTa LPS 3a BMKOHaHHSI HUM CBOIX
YHKLi Ta NogaHo Ti napamMeTpu CTpyMy GrimckaBku, K
Mae ByTu BiATBOpPEHO 3a nnabopaTopHux BUNpobyBaHb.

YuncnoBi  3HaueHHsi, HaeegeHi y Tabnuui D.1,
BigMNoBifaloTb NapameTpam 6rvckasBku y TouUi yaapy.

TecToBi  3HAYEeHHA  HanNeXWTb  obyucnwBatM 3
ypaxyBaHHSIM PO3rany>KeHHs CTpyMy, L0 Moxe OyTu

-88-

the fatal damage of the SPD. Finally, an SPD can be
fatally damaged by thermal instability under the applied
voltage related to the negative temperature coefficient of
the volt-ampere characteristics of the resistors. For the
overload simulation of metal-oxide varistors, one main
parameter is to be considered: the charge.

The charge governs the energy input into the metal-ox-
ide resistor block, considering as a constant the residual
voltage of the metal-oxide resistor block. Numerical val-
ues to be considered are those relevant to the lightning
flash.

Flashovers and cracking are caused by the amplitude
of current impulses exceeding the capabilities of the re-
sistors. This failure mode is generally evidenced by an
external flashover along the collar, sometimes penetrat-
ing into the resistor block causing a crack or a hole per-
pendicular to the collar. The failure is mainly linked with a
dielectric collapse of the collar of the resistor block.

For the simulation of this lightning phenomenon, two
main parameters should be considered: the maximum
value and the duration of the impulse current.

The maximum value of the impulse current determines,
through the corresponding level of residual voltage,
whether the maximum dielectric strength on the resistor
collar is exceeded. Numerical values to be considered
are those relevant to the first stroke. Conservative data
are obtained by considering positive strokes.

The duration of the impulse current governs the dura-
tion of application of the dielectric stress on the resistor
collar.

D.7 Summary of the test parameters to be adopted in
testing LPS components

Table D.1 summarizes the most critical aspects of each
LPS component during the performance of its function
and gives the parameters of the lightning current to be
reproduced in laboratory tests.

The numerical values given in Table D.1 are relevant to
the lightning parameters of importance at the point of
strike.

Test values should be calculated considering the current
sharing which can be expressed by means of the current



BYpaxXeHe 3a [OMNOMOrol kKoedillieHTa po3ranyXeHHs
CTPyMy, 5K Lie Byrno obroBopeHo y nyHkTi D.3.

UncnoBsi 3HaYeHHs napameTpiB, SKi BUKOPUCTOBYIOTLCSH
3a TecTyBaHHf, MOXYyTb, Takum 4YMHOM, OyTn
po3paxoBaHi Ha OCHOBI AaHuXx, nogaHunx y Tabnuui D.1,
3 JOAaHHAM 3MeHLLyBanbHUX KOeiLieHTIB, NOB'A3aHNX
3 po3rany>XeHHsIM CTPyMy, SK e BUpaXKeHo y chopmyni,
HaBefeHin y nyHkTi D.3.
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sharing factor, as discussed in Clause D.3.

The numerical values of the parameters to be used dur-
ing the tests can therefore be calculated on the base of
the data given in Table D.1, applying the reduction fac-
tors linked with current sharing, as expressed by the for-
mulae reported in Clause D.3.



62305-1 © IEC:2010

Dopatok E
(iHdbopmaTmBHMIA)

IMNynbcu rpo30BOro NOXOMXKEeHHSA Y Pi3HUX TOYKax
yCTaHOBKM

E.1 Ornsapg

Ona BusHayeHHs po3mipiB nposigHukiB, SPD Ta
obnagHaHHA, HaneXuTb BU3HAYMTU CTYMiHb 3arpo3u
BHACNIAOK iMNYNbCIB Y KOHKPETHIN TOYLi BCTAHOBMEHHS
LUMX KOMMOHEHTIB. IMNynbCcM MOXYTb MOBCTaBaTu Bif
(4yacTkoBKX) CTpyMiB OnuckaeBku Ta Big iHOYKOBaHMX
SIBULL, Y NETNSAX YCTAHOBKW. 3arposa Big Takux iMMynbCiB
Mae ByTM HKYOK 3@ PiBHI CTIMKOCTI BUKOPUCTOBYBAHMX
KOMMOHEHTIB (3a HeobXxigHOCTI, BU3HAYEHUX
BiOMOBIAHUMU TECTamu).

E.2 IMnynbcu, cnpuynHeHi cnanaxamm A0 oyaieni
(cnopyaun) (oxepeno ywkoaXeHHs S1)

E.2.1 Imnynbcu, wWo nNpPoOTiKalOTb 30BHIWHIMKU
CTPYMONpoOBiAHMMU YyacTUHaMu 7] niHiaAMN,
npueaHaHMmm ao 6yaisni (cnopyaun)

Konn ctpym ©OnuckaBkm Teye [0 3emni, BiH

PO3MNOAINAETLCA MiXX CUCTEMOIO 3EMIISIHOTO 3aKiHYEHHS,
30BHILLHIMX CTPYMOMPOBIOHMMW YacTMHaMW N AiHiSMH,
AKi npuegHaHo [0 Hux GesnocepenHbo abo 3a gono-
moroto SPD.

Skuo
If

€ YaCTUHOI CTpyMy OnMCKaBKM, sika BiOMNOBIAAE KOXHIN
30BHILWHIA CTPYMOMPOBIAHIN YacTuHi abo niHii, TO ke
3anexuTb Bia;

IF=ke x|

- vYucna napanenbHux wnsaxis

- CTaHO4apTHOro iMNeaaHCy IXHbOro y3eMreHHs Ais
nig3eMHMX YacTuH abo iXHbOro Onopy y3eMIIeHHS
TaM, [Oe HaA3eMHi 4acTuHM MpuegHaHo [0
NiA3€MHUX YaCTUH - AN HaA3€MHUX YacTuH;

- CTaHOapTHOro iMI'IeD,chy Yy3E€MJ1IEHHA CUCTEMMU
3EMIISAHOMO 3aKiHYEHHS.
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Annex E
(informative)

Surges due to lightning at different installation
points

E.1 Overview

For dimensioning of conductors, SPDs and apparatus,
the threat due to surges at the particular installation point
of these components should be determined. Surges can
arise from (partial) lightning currents and from induction
effects into installation loops. The threat due to these
surges must be lower than the withstand levels of the
components used (defined by adequate tests as neces-
sary).

E.2 Surges due to flashes to the structure (source of
damage S1)

E.2.1 Surges flowing through external conductive
parts and lines connected to the structure

When conducted to earth, the lightning current is divid-
ed between the earth-termination system, the external
conductive parts and the lines, directly or via SPDs con-
nected to them.

(E.1)

is the part of the lightning current relevant to each exter-
nal conductive part or line, then the current sharing factor
ke depends on:

- the number of parallel paths;

- their conventional earthing impedance for un-
derground parts, or their earth resistance, where
overhead parts connect to underground, for over-
head parts;

- the conventional earthing impedance of the earth-
termination system.

. . 4
. 0r151 MiG3eMHOI ycmaHOo8KU ke = 7
i ; Z,+Zx(ny+nyx =1) (E.2)
. for underground installation ! ez,
. 4
. 0r1s1 Ha03eMHOI ycmaHO8KU ke = V2 (E3)
2 .
. for overhead installation Zy+Zx (N +nyx 7)

1



ne:

Z CTaHOapTHWA iMNeJaHc Y3eMMEeHHs CcucTemu
3eMMNSAHOro 3aKiHYEHHS;

Z1 CTaHOapTHWU iMNefaHc y3eMMNeHHs A5 30BHILLHIX
YacTuH abo ninin (Tabnuus E. 1), aki npoxoasTb
nig 3emMmneto;

Z> onip y3eMIIeHHS y3eMroBaribHOro NpuUCTpolo, Lo

NpUeOHYE 30BHILLUHIO MiHit0 40 3emni. AKwo onip
Y3EMINEHHS Y ToULi Y3EeMIIEHHS He € BiJOMUM, TO
MOXe ByTu BUKOpUCTaHe 3HayeHHs Z1, nokasaHe
y Tabnuui E. 1, (e nutomun onip Bignosigae To4ui
Y3E€MIEHHS).

MPUMITKA 2 Le 3Ha4eHHs npuiMaeTbes y hopmyni, WO nogaHa BuLLe,
06 6yTV OOHMM 1 TUM CaMMUM A1 KOXKHOT TOUKW y3eMIeHHs. AKLLO e

He TaK, HaneXwTb BUKOPUCTOBYBATW CKNaAHiLWi CNiBBIAHOLIEHHS.

n1 3ararnibHe YMCIo 30BHILLHIX YacTUH abo niHin, Wo
npoxoaaTb Nig 3eMnelto;

n2 3ararnbHe YMCIOo 30BHILLHIX YacTUH abo niHin, Lo
NPOXOASATb Hag 3eMnelo;

/ CTpyM OnnckaBku, IO BignoBigae knacy 3axucTty
(LPL) , sikmin po3rnsigaetbes.

Mpunyckatoun, y nepwomMy HabNMXKeHHi, Wo ofHa

noroBmHa cTpymy BriMckaBku Te4e CUCTEMOI 3EMIISHOMO
3aKiHYeHHs, 1 Wo Z2 = Z1, 3HA4Y€HHSA Ke ANS 30BHILUHBLOI
NPOBIAHOI YacTUHKM abo niHii Moxe ByTn OUiHEHE SK:

ke =0,5/(n1+ n2)

Akwo  BXigHi MK (MpUMipOM  eneKTpuYHi 1
TernekoMyHikauinHi niHii) He € ekpaHoBaHUMKU abo He €
npoknageHuMm MeTaneBo OBOMOHKOW, KOXHWUA 3 n'
NPOBIAHWKIB MiHiT HECE PIBHY YaCTUHY CTpyMy GrnncKaBKku

Ke=ke/n'

ge n' - 3aaranbHe YnCro NPOBIgHUKIB.

[na ekpaHoBaHMX MiHiN, 3'€AHaHMX Ha BXOf4i, 3HAYEHHS
KoeilieHTy po3noAineHHs CTpymy K's 4ng KoxHoro 3 n'
NPOBIAHWKIB €KpaHOBaHOI MiHil BU3HAYaloTbCA Yy Takun
cnoci6:

e =keXRs/(rl'XRs +Rc)

ae:
Rs OMIYHWI Onip OANHUL JOBXUHW eKpaHa;
R:  omi4yHun onip oauHWLUI OOBXWUHW BHYTPILLIHLOIO

npoBigHuKa.
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where

Z is the conventional earthing impedance of the
earth-termination system;

Z1 is the conventional earthing impedance of the
external parts or lines (Table E.1) running under-
ground;

Z2 is the earth resistance of the earthing arrange-

ment connecting the overhead line to ground. If
the earth resistance of the earthing point is not
known, the value of Z1 shown in Table E.1 may be
used (where the resistivity is relevant to the earth-
ing point).

NOTE 1 This value is assumed in the above formula to be the same
for each earthing point. If this is not the case,more complex equations

need to be used.

n1 is the overall number of external parts or lines run-
ning underground;

n2 is the overall number of external parts or lines run-
ning overhead;

/ is the lightning current relevant to the lightning

protection level (LPL) considered.

Assuming as a first approximation that one half of the
lightning current flows in the earthtermination system
and that Z2 = Z1, the value of ke may be evaluated for an
external conductive part or line by:

(E.4)

If entering lines (e.g. electrical and telecommunication
lines) are unshielded or not routed in metal conduit, each
of the n' conductors of the line carries an equal part of
the lightning current

(E.5)
n’ being the total number of conductors.

For shielded lines bonded at the entrance, the values of
current sharing factor ks for each of the n' conductors of
a shielded line are given by:

(E.6)
where
Rs is the ohmic resistance per unit length of shield;
R: is the ohmic resistance per unit length of inner
conductor.
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MPUMITKA 3 La dopmyna mMoxe HeOOOUIHIOBATW POfb eKpaHy Yy
BiABeAeHHi CcTpymy BnnckaBKku BHACMiAOK B3AEMHOI iHAYKTUBHOCTI MiX

NPOBIAHWUKOM | EKpaHOM.
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NOTE 2 This formula may underestimate the role of the shield in di-
verting lightning current due to mutual inductance between core and
shield.

Tabnuus E. 1 - 3Ha4yeHHA cTaHAapTHOro iMmneaaHcy ysemrieHHA Z Ta Z1 BignoBigHO
[0 NMUTOMOrO OMopPY FPYHTY

Table E.1 — Conventional earthing impedance values Z and Z1 acco rding to the
resistivity of the soil

IMnegaHc y3emneHHs, BignoBigHo Ao knacy LPS b, Z, Om
a Conventional earthing impedance related to the type of LPS b, Z,Q
p, OM M Z1,0m
p, Qm Z1a, Q
| Il -1

<100 8 4 4 4

200 11 6 6 6

500 16 10 10 10

1000 22 10 15 20

2 000 28 10 15 40

3000 35 10 15 60

ys).

MPUMITKA 3HayeHHs, HaBefeHi y Uil Tabnuui, HanexaTtb 40 iMnegaHcy 3akornaHoro nposigHuka 3a ymoBs imnynbey (10/ 350 mkc)
NOTE Values reported in this table refer to the conventional earthing impedance of a buried conductor under impulse condition (10/350

a

values of Z1 could be doubled.

b Cwucremu ysemneHHs, ski Bignosigatots n. 5.4 IEC 62305-3:2010.
Earthing system complying with 5.4 of IEC 62305-3:2010.

3HayeHHs CTOCYHOTbCA 30BHILLHIX YacTuH noHag 100 m 3aBAOBXKW. NS 30BHILLHIX YacTuH, kopoTwumx 3a 100 M, y rpyHTax 3 BUCOKMM
nuToMum ornopom (>500 OM M) 3HaueHHs1 Z1 Moxe ByTu NOABOEHO.

Values referred to external parts length over 100 m. For length of external parts lower than 100 m in high resistivity soil (> 500 Qm)

E.2.2 ®dakTtopu, WO BNNMBaOTbL HA PO3NOAIN CTPpyMy
OnuckKaBKM Yy NiHiAX XXUBNEHHS

3a [oknagHMX po3paxyHKiB, Kinbka (hakTopiB MOXYTb
BNAMBATW Ha amMnniTyay 1 dopMy Takux iMnynbCiB:

. OOBXMHA kabemn Moxe BMnAMBaTM Ha po3nogin

CTPYMY W XapakKTEPUCTUKM POPMU 3anexHo Big
cniBBigHoLleHHs L/R;

. pi3Hi iMNegaHcKM HeuTpanbHOro Ta {as3Horo
NPOBIOHWKIB  MOXYTb BMAMBaATW Ha poO3Moain
CTPYMY Mi>K MPOBIgHWKaMM TiHii;

MPUMITKA 1 Mpumipom, sKLio HenTpanbHuin (N) npoBigHUK y3emMneHo
y KinNbKOX MicusiX, TO MeHWwui imnegaHc N, NOpiBHAHO 3 hasHuMuK
nposigHukamu L1, L2, i L3, moxe npussecTn Ao npoTikaHHA 50 %
cTpymy nposigHukoM N, Togi sk pewTty 50 % Gyne posnoaineHo mix
iHWK1MK 3-ma pasHnmm npoigHukamu (17 % Ha koxHy). Akwo N, L1,
L2 i L3 matoTb 0gHaKOBI iMnegaHCu, TO KOXEH 3 MPOBIAHUKIB HECTUMeE

6insa 25 % cTpymy.

. pi3Hi  iMnNegaHcu  TpaHcopmartopa  MOXYTb
BMMAMBATU Ha pO3NOAin CcTpymy (UMM BNAVBOM

E.2.2 Factors influencing the sharing of the lightning
current in power lines

For detailed calculations, several factors can influence
the amplitude and the shape of such surges:

. the cable length can influence current sharing and
shape characteristics due to the L/R ratio;

. different impedances of neutral and phase con-
ductors can influence current sharing among line
conductors;

NOTE 1 For example, if the neutral (N) conductor has multiple earths,
the lower impedance of N compared with phase conductors L1, L2, and
L3 could result in 50 % of the current flowing through the N conductor
with the remaining 50 % being shared by the other 3 phase conduc-
tors (17 % each). If N, L1, L2, and L3 have the same impedance, each

conductor will carry approximately 25 % of the current.

. different transformer impedances can influence
current sharing (this effect is negligible, if the



MOXHa 3HEexXTyBaTW, SKWO TpaHchopmaTop €
3axueHnn SPD, sikun y3bouye noro imnegaHc);

. CMiBBIAHOLWIEHHS MK CTaHAapTHUMK onopamu
y3eMIeHHs1 TpaHcdopMaTopa i NPUCTPOIB 3 BOKy
OBTSXKEHHSA MOXYTb BMIMBATV HA PO3MO4iN CTpyMy
(Wwo Hwxyum € iMnegaHc TpaHcdopmartopa,
TUM BULLUMM € CTPYM iMMynbCy, SKUW NNuHe [0
HM3bKOBOJTLTHOI CUCTEMM);

. napanernbHi CroXuBadi CMPUYMNHSIOTL 3HUKEHHS
eheKTMBHOIoO iMmnegaHcy HN3bKOBOJTLTHOI
cucTemu; Le Moxe NiABULLNTA YacTKOBUIN CTPYM
OnuckaBku, SKUA MAMHE OO CUCTEMMU.

NMPUMITKA 2 [Ons 6inbw peTanbHOi iHdopmauii 3BepHiTbCs [0
Hopatky D, IEC 62305-4:2010.

E.3 Imnynbcu y niHiax, npuegHaHux A[o Oyaisni
(cnopyam)

E.3.1 Imnynbcu 3a cnanaxiB go niHin (@xepeno
NOLKOMXeHHs S3)

[nsa npsaMux cnanaxie 6rnmMckaBku OO NPUEQHAHUX NiHIN
HanexuTb 6paTn 40 yBaru po3nofin cTpymy Gnmckaekm
Ha ABa HanpsMKW MiHil Ta NpobuTTS i3onauii.

Bubip 3HayeHHs limp MOXe GasdyBaTUCA Ha 3HAYEHHSX,
noganunx y Tabnuuyi E.2 ta E.3 gna cucteM HU3bKoi
Hanpyrn n Ta Tabnuui E.3 ons cuctem tenekomyHikadii
0e nepeBaxHi 3Ha4YeHHS limp NOB'A3aHi 3 piBHEM 3aXUCTY
Big 6rnivckasku (LPL).
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transformer is protected by SPDs bypassing its
impedance);

. the relation between the conventional earthing re-
sistances of the transformer and the items on the
load side can influence current sharing (the lower
the transformer impedance, the higher is the surge
current flowing into the low voltage system);

. parallel consumers cause a reduction of the ef-
fective impedance of the low voltage system; this
may increase the partial lightning current flowing
into this system.

NOTE 2 Refer to Annex D of IEC 62305-4:2010 for more information.

E.3 Surges relevant to lines connected to the struc-
ture

E.3.1 Surges due to flashes to lines (source of dam-
age S3)

For direct lightning flashes to connected lines, partition-
ing of the lightning current in both directions of the line
and the breakdown of insulation should be taken into ac-
count.

The selection of the limp value can be based on values
given in Tables E.2 and E.3 for lowvoltage systems and
Table E.3 for telecommunication systems where the pre-
ferred values of limp are associated with the lightning pro-
tection level (LPL).
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Tabnuusa E.2 - OvikyBaHi iMnynbCHi nepeobTAXXeHHA CTPYMOM y CUCTEMaX HU3bKOI
Hanpyru, CnpuYMHeHi cnanaxamm 6nmckaBKn

Table E.2 — Expected surge overcurrents due to lightning flashes on low-voltage

systems

LPL
(knac)

(class)

CucTemMu HU3bKOI Hanpyru
Low-voltage systems

MpsaAmi Ta HenpsAimMi cnanaxu Ao 3abes3nevyeHb
Direct and indirect flashes to the service

Cnanax nobnu3sy a6y.quni
(cnopyau)
Flash near the structure®

Cnanax go 6y.g,iBni
(cnopyau)
Flash to the structure®

Mxepeno NOWKOZKEHS S3
(npsAMui cnanax)

Source of damage S3
(direct flash)

®dopwma imnynbcey: 10/350 mkc
KA

Current shape: 10/350 ps

Mxepeno MOLWKOAXKEHHS S4
(Henpsimui cnanax)

Source of damage S4
(indirect flash)®

®dopma imnynbey: 8/20 mkc
KA

Current shape: 8/20 us

M>xepeno HOUJKO.q)I(eHHﬂcS3
(iHAykoBaHUM CTpyM)

Source of damage §3
(induced current)

®dopma iMﬂynbcyd: 8/20 mkc
KA

Current shaped: 8/20 ps

LOxepeno I'IOLIJKOA)KeHHiICS1
(iHAykoBaHUM CTpyM)

Source of damage §1
(induced current)

®dopma iMﬂynbcyd: 8/20 mkc
KA

Current shaped: 8/20 us

kA kA kA kA

- 1v 5 2,5 0,1 5
Il 7,5 3,75 0,15 7,5

| 10 5 0,2 10

MPUMITKA Yci 3Ha4eHHs CTOCYTbCS KOXHOIO 3 MPOBIAHWUKIB MiHii
NOTE All values refer to each line conductor.

a

Ha BenuumHy ovikyBaHUX iMNynbCiB HAACTPYMIB BNVMBAE AOBXUHA NETNi NPOBIAHWKIB Ta BIACTaHb Bif CTPYMY, SKUIA iHOYKYE.
3HayeHHs y Tabnuui E.2 cTocyoTbest KOPOTKO3aMKHEHOT HeekpaHOBaHOI NeTNi NPOBIAHMKIB, NPOKNaAeHNX Y pi3HWUIA cnocib y
Benuknx ByamnHkax (nnowwa 6nmasko 50 M2, y 5 M 3aBLUMPLLKM), BiacTaHb y 1 M Bia cTiH Gyaieni (cnopyau), BcepeanHi HeekpaHoBaHOI
6yaieni (cnopyawm) 3 LPS (ke = 0,5). [inga iHWMX neTenb Ta xapaktepucTuk 6yaieni (cnopyam), 3Ha4eHHs HanexXuTb MOMHOXUTU Ha

koediuieHTn Ks1, Ks2, Ks3 (amsucek posain B.4 IEC 62305-2:2010).

Loop conductors routing and distance from inducing current affect the values of expected surge overcurrents.

Values in Table E.2 refer to short-circuited, unshielded loop conductors with different routing in large buildings (loop area in the order
of 50 m2, width = 5 m), 1 m apart from the structure wall, inside an unshielded structure or building with LPS (kc = 0,5). For other
loop and structure characteristics, values should be multiplied by factors Ks1, Ks2, Ks3 (see Clause B.4 of IEC 62305-2:2010).

3Hau4eHHs1 CTOCYHTbCS yaapy, sk NpUnaB Ha OCTaHHI0 onopy, Nobnuay cnoxweaya, 6GaraTonposigHoT (Tpu asu + HelTpanb) MiHii.

Values relevant to the case of the strike to the last pole of the line close to the consumer and multiconductor (three phase + neutral)
line

3HayeHHs CTOCYHOTbCA MOBITPAHUX MiHIN. [N NiA3eMHUX MiHIN 3HAYEHHSA HAaNeXuTb NepPenonoBUHUTU.

Values referred to overhead lines. For buried lines values can be halved.

IHOYKTUBHICTb Ta onip NeTni BNAMBaTb Ha (POPMY iHAYKOBAHOIO CTPYMY. AKLLO ONOPOM NETNi MOXHA 3HEXTYBATU, HaNeXuTb
npunyckatu coopmy 10/350 mkc. Lle € Tor BUNagok, Konum y naHui 3 iHaykoBaHUM CTpyMOM BcTaHoBneHo SPD Tuny, sikui BigTUHae

Loop inductance and resistance affect the shape of the induced current. Where the loop resistance is negligible, the shape 10/350
ys should be assumed. This is the case where a switching type SPD is installed in the induced circuit.
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Tabnuusa E.3 - OvikyBaHi iMnynbCHi NnepeobTAXXeHHA CTPYMOM y cuctemMax
TeneKomyHikauii, CnpM4nHeHi cnanaxamu 6McKaBKu

Table E.3 — Expected surge overcurrents due to lightning flashes on telecommuni-
cation systems

. - |
Cuctemu TeneKoMyHikawulii
. . a
Telecommunication systems

MpsaAmi Ta HenpsAMi cnanaxu Ao 3a6es3nevyeHb
Direct and indirect flashes to the service

Cnanax no6nusy a6y,u:|,i|311i
(cnopyau)
Flash near the structure®

Cnanax go GyQiBni
(cnopyau)
Flash to the structure’

(direct flash)®

®opma imnynbcey: 10/350

LPL Mxepeno MOLIKOAXXEeHHS S3 | Oxepeno MOLUKOAXKEHHS) S4
(knac) (npsAMuKi cnanax) (Henpsimuit cnanax)
(class) Source of damage S3 Source of damage S4

(indirect flash)¢

®dopma imnynbey: 8/20 Mkc
KA

M>xepeno nowkomkeHHs S3
(iH@ByKOBaHM1 CTpyM)

Source of damage S3
(induced current)

®dopma imnynbey: 8/20 mkc
KA

DOxxepeno nowkomxeHHA S1
(iHaykoBaHUM CTPyM)

Source of damage S1
(induced current)

®opma imnynbey: 8/20 mkc

MKC KA
KA Current shape: 8/20 us Current shape: 8/20 us Current shape: 8/20 ps
Current shape: 10/350 ps kA kA kA
kA
-1V 1 0,035 0,1 5
1] 1,5 0,085 0,15 7,5
| 2 0,160 0,2 10

MPUMITKA Yci 3Ha4eHHs CTOCYITbCSA KOXHOTO 3 MPOBIAHWKIB NiHiT
NOTE All values refer to each line conductor.

a

3BepHiCTbCs A0 pekoMeHaaLin UTU-TIG]K.67 no godaTKoBi BigOMOCTI.
Refer to ITU-T Recommendation K.67 (6 for more information.

IHOYKTUBHICTb Ta onip NeTni BNN1BaTb Ha popMy iHOYKOBaHOMO CTPyMy. 3HaueHHs1 y Tabnuui E.3 cTocytoTbCs KOPOTKO3aMKHEHOI
HeekpaHOBaHOI NETNi NPOBIAHWKIB, NPOKNAZEHNX Y Pi3HWI cnoci6 y Benukix ByauHkax (nnoa 6nmabko 50 M2, y 5 M 3aBLUMPLLKN),
BiAcTaHb y 1 M Big CTiH 6yaieni (cnopyaw), BcepeaunHi HeekpaHoBaHoi 6yaisni (cnopyawu) 3 LPS (ke = 0,5). Ans iHwux netens Ta
XapakTepucTuk byaieni (cnopyam), 3Ha4eHHS HaneXuTb MOMHOXUTU Ha koediuieHTn Ks1, Ks2, Ks3 (aueunck po3gain B.4 IEC 62305-
2:2010).

Loop conductors routing and distance from inducing current affect the values of expected surge overcurrents.
Values in Table E.3 refer to short-circuited, unshielded loop conductors with different routing in large buildings (loop area in the
order of 50 m?, width = 5 m), 1 m apart from the structure wall, inside an unshielded structure or building with LPS (ke = 0,5).

2:2010).

3HauYeHHs1 MaloTb ByTW y 5 pasiB BULLIMMU

For other loop and structure characteristics, values should be multiplied by factors Ks1, Ks2, Ks3 (see Clause B.4 of IEC 62305-

3Ha4yeHHs CTOCYHOTbCA HEEKpaHOBAHMX MiHil 3 YncneHHuMK napamu. [ins HeekpaHoBaHOro kabeno BiABoAy A0 cnoxuBada

Values referred to unshielded lines with many pairs. For an unshielded drop wire, values could be 5 times higher.

3HayeHHs CTOCYHOTbCA NOBITPSAHWX MiHIA. [N Nig3eMHUX NiHIN 3HAYEHHS HaNeXnTb NepenonoBUHUTH.
Values referred to overhead unshielded lines. For buried lines values can be halved.

Ons ekpaHoBaHWX MiHIN BeNWYMHM NepPeobTsKEHHS
CTpyMOM, nogaHi y Tabnuui E.2, MmoxyTb B6yTn 3MeHLLEHI
3 koedpiyieHTom 0,5.

MPUMITKA MepenbavaeTbes, Wo onip ekpaHy npubnunsHo AOpiBHIOE

onopy Ycix NiHIMHUX NPOBIAHUKIB y Napanensb.

E.3.2 IMmnynbcu yHacnigok cnanaxiB nopaa i3 niHiamMu
(axepeno nowkoaXeHHs S4)

Imnynbcu Big cnanaxiB nobnu3y niHin MakTb eHepril
HabaraTto HuX4i, HiXX Ti, Aki noB'A3aHi 3i cnanaxamu Ao
NiHIn (DpKkepeno NowwKomKeHb S3).

For shielded lines, the values of the overcurrents given in
Table E.2 can be reduced by a factor of 0,5.

NOTE It is assumed that the resistance of the shield is approximately

equal to the resistance of all line conductors in parallel.

E.3.2 Surges due to flashes near the lines (source of
damage S4)

Surges from flashes near lines have energies much low-
er than those associated with flashes to lines (source of
damage S3).
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OuikyBaHi NepeobTsHKeHHs CTPyMOM, MOB'A3aHi 3
KOHKPETHMM piBHEM 3aXUCTY Bif BrinckaBku, HaBeaeHo y
Tabnuuysax E.2 tTa E.3.

[na ekpaHoBaHMX MiHI BENUYMHU NEPEOOTSHKEHHS
CTpyMOM, HaBefeHi y Tabnuusax E.2 ta E.3, MoxXyTb OyTn
3MeHLUeHi 3 koediuieHTom 0,5.

E.4 Imnynbcu yHacnigok iHaykKuinHoi ail (axepeno
nowkoakeHHs S1 abo S2)

E.4.1 3aranbHi NonoxeHHs

IMnynbCcu yHacnigok iHayKuUinHoT AiT Big MarHETHUX Nonis.,
AKi reHepyeTbcs abo Brnm3bkuMu cnanaxamu GnmnckaBku
(oxkepeno S2), abo cTtpymMoMm GrvckaBku, LLO MpOTiKae
30BHilWIHbLOW LPS, abo npoctopoBuMM ekpaHom LPZ 1
(oxepeno S1), maroTb TMNoBY chopmy cTpymy 8/20 mKc.
Taki iMnynbcn mae Gyt pos3rnmsHyTo nobnusy abo Ha
knemax anapartiB ycepeauHi LPZ 1 ta Ha mexi 30H LPZ
1/2.

E.4.2 IMmnynbcu ycepeauHi HeekpaHoBaHoi LPZ 1

YcepeauHi HeekpaHoBaHoi LPZ 1 (npuMipom, 3axuLeHoo
nuuwe 3oBHiWHbOW LPS BignosigHo ao IEC 62305-3 3
LUMPUHOIO CITKM MOHaZ 5 M) HanexuTb odikyBaTu Ha
BiHOCHO CUIIbHI iIMNYNbCK YHACRIgOK iIHAYKUIAHOT Ail He
ocnabneHoro MarHeTHoro norsi.

OuikyBaHi NepeobTsHKEHHA CTPYMOM, MOB'siI3aHi 3
KOHKPETHMM piBHEM 3axucTy Big 6nuckaskum (LPL),
nogaHo y Tabnuusix E.2 ta E.3.

E.4.3 Imnynbcu ycepeaunHi ekpaHoBaHux LPZ

YcepeaunHi Tux LPZ, aki maoTb edpekTnBHe npocTopoBe
eKpaHyBaHHAM (BMMaraeTbCsl CiTKa LUMPUHOK MeHLe 5
M 3rigHo JopaTtka A IEC 62305-4:2010), reHepyBaHHS
iMAyNbCiB yHACNiAOK iHAYKUINHOT Aii MarHeTHUX nonis
3HAYHO 3MEHLUYETbCA. Y TakMx BUMNagKax iMnyrbcu €
HabaraTo HWk4MMKM 3a nogaHi y Tabnuuax E.2 ta E.3.

YcepeguHi LPZ 1 edektn iHOYKUIT € HWKYMMKU Yepes
nocnabneHHs, cnpyYnHeHe NPOCTOPOBUM €KPaHOM.

YcepeauHi LPZ 2 imnynbcu gani 3HWKYTbCS 3aBOsKU
KackagHin gii o6ox npocTopoBux ekpaHis LPZ 1 1 LPZ 2.

E.5 3aranbHa iHopmauia crocoBHo SPD

BukopuctaHHa SPD 3anexuTb Big iXHbOI CTiAKOCTI,
knacudikosaHoi y IEC 61643-1" ans xuBUNBLHUX Ta y
IEC 61643-21" ans TenekomyHikaLiitHUX cuctem.
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Expected overcurrents, associated with a specific light-
ning protection level (LPL) are given in Tables E.2 and
E.3.

For shielded lines the values of overcurrents given in Ta-
bles E.2 and E.3 can be reduced by a factor 0,5.

E.4 Surges due to induction effects (source of dam-
age S1 or S2)

E.4.1 General

Surges due to induction effects from magnetic fields,
generated either from nearby lightning flashes (source
S2) or from lightning current flowing in the external LPS
or the spatial shield of LPZ 1 (source S1) have a typical
current shape of 8/20 uys. Such surges are to be consid-
ered close to or at the terminal of apparatus inside LPZ 1
and at the boundary of LPZ 1/2.

E.4.2 Surges inside an unshielded LPZ 1

Inside an unshielded LPZ 1 (e.g. protected only by an
external LPS according to IEC 62305-3 with mesh width
greater than 5 m) relatively high surges are to be ex-
pected due to the induction effects from the undamped
magnetic field.

Expected overcurrents, associated with a specific light-
ning protection level (LPL) are given in Tables E.2 and
E.3.

E.4.3 Surges inside shielded LPZs

Inside LPZs with effective spatial shielding (requiring
mesh width below 5 m according to Annex A of IEC
62305-4:2011), the generation of surges due to induc-
tion effects from magnetic fields is strongly reduced. In
such cases the surges are much lower than those given
in E.4.2.

Inside LPZ 1 the induction effects are lower due to the
damping effect of its spatial shield.

Inside LPZ 2 the surges are further reduced due to the
cascaded effect of both spatial shields of LPZ 1 and LPZ
2.

E.5 General information relating to SPDs

The use of SPDs depends on their withstand capability,
classified in IEC 61643-1" for power and in IEC 61643-
21® for telecommunication systems.



SPD,

3a Micuem IXHbOrO BCTAHOBMNEHHS,

BUKOPUCTOBYKOTbECA HACTYNMHUM YNHOM:

a)

b)

Ha yBogi niHii go 6yaisni (cnopyau) (Ha mexi LPZ
1, NPMMIpOM, y FONOBHOMY PO3MOAINTbHOMY LLUNTI
MB);

. SPD, BunpobyeaHi limp (TMnoBa dopma
CTpymMy 10/350), npuMipom, SPD,
BunpoByBaHi BignosigHo oo Knacy |;

. SPD, BunpobyBaHi In. (TvnoBa dopma
ctpymy 8/20), npumipom, SPD, BunpobyBaHi
BignosigHo o Knacy ll;

Mopspg 3 anapatamu, siki Mae B6yTn 3axuileHo, (Ha
mMexi LPZ 2 i Buwoi, npumipom, y BTOPUHHOMY
posnoginsHoMy wuti SB, abo y poseTui SA);

. SPD, BunpobyeaHi limp (Tunosa copma
ctpymy 10/350), To6T0 SPD, BUnpobyBaHi
Bignosigo go Knacy | ana cunosux SPD);

. SPD, BwunpobysaHi In. (Tunoea dopma
ctpymy 8/20), npumipom, SPD, BunpoOyBaHi
BignosigHo oo Knacy ll;

. SPD, BunpobyBaHi KOMGIHOBaHOK XBUIIEHD
(Tvnosa dopma ctpymy 8/20), npumipom,
SPD, Bunpo6yeaHi BignosigHo o Knacy 1.
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SPDs to be used according to their installation position
are as follows:

a)

b)

At the line entrance into the structure (at the
boundary of LPZ 1, e.g. at the main distribution
board MB):

. SPD tested with limp (typical current shape
10/350), e.g. SPD tested according to Class
l;

. SPD tested with In (typical current shape
8/20), e.g. SPD tested according to Class Il.

Close to the apparatus to be protected (at the
boundary of LPZ 2 and higher, e.g. at a secondary
distribution board SB, or at a socket outlet SA):

. SPD tested with limp (typical current shape
10/350), e.g. SPD tested according to Class
| for power SPDs);

. SPD tested with In (typical current shape
8/20), e.g. SPD tested according to Class

In);

. SPD tested with a combination wave (typi-
cal current current shape 8/20), e.g. SPD
tested according to Class .
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MiHi-cnoBHMYOK
BUMPOMIHHI — n3ny4vatoLime

BUMNPOMIHHUIA — N3MyYatoLmi



