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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROTECTION AGAINST LIGHTNING -

Part 1: General principles

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all ndtional elecirotechnical commitiees (IEC Nafional Commitiees). The objecit/of

Technjical Reports, Publicly Available Specifications (PAS) and Guides
idation(s)”). Their preparation is entrusted to technical committees; any |
subject dealt with may participate in this preparatory work. 2

mittees undertake to apply IEC Py
and regional publications. Any d
gional publication shall be clearly in

éther direct or indirect, or for costs (including legal
se of, or reliance upon, this IEC Publication or any
Publig

8) Attent i v e e references cited in this publication. Use of the referenced publi
indisp e € ation of this publication.

9) Attent i 3 Q-the possibility that some of the elements of this IEC Publication may be the
paten{ rights. held responsible for identifying any or all such patent rights.

Internat b |[EC 62305-1 has been prepared by IEC technical commi

Lightning protection:

promote
fields. To
ifications,
as “IEC
yterested
and non-
bs closely

ernational

from all

National
nt of IEC
r for any

blications
ivergence
dicated in

e for any
perts and
amage or

fees) and
bther |IEC

cations is

subject of

tee 81:

The IEC 62305 series (Parts 1 to 5), is produced in accordance with the New Publicatio
approved by National Committees (81/171/RQ (2001-06-29)), which restructures and

ns Plan,
updates

in a more simple and rational form the publications of the IEC 61024 series, the IEC 61312

series and the IEC 61663 series.

The text of this first edition of IEC 62305-1 is compiled from and replaces
— |EC 61024-1-1, first edition (1993).
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The text of this standard is based on the following documents:

FDIS Report on voting
81/262/FDIS 81/267/RVD

62305-1© |

EC:2006

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, as close as possible, in accordance with the ISO/IEC

Directives, Part 2.

IEC 623'05 consists of the following parts, under the general title Protecti

Part 1: | General principles
Part 2. | Risk management
Part 3: | Physical damage to structures and life hazard

Part 4. | Electrical and electronic systems within structures
Part 5: | Services’

The committee has decided that the contents of thi

against ligh

in unchanged

maintenfance result date indicated on thg ‘ :/lwebstore.iec.ch" in

related {o the specific publication. At tk

* reconfirmed;
+ withdrawn;
* replaced by a revised edition, g

fins
N\

kning:

until the
the data

1 To be published
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INTRODUCTION

There are no devices nor methods capable of modifying the natural weather phenomena to the
extent that they can prevent lightning discharges. Lightning flashes to, or nearby, structures (or
services connected to the structures) are hazardous to people, to the structures themselves,
their contents and installations as well as to services. This is why the application of lightning

protecti

on measures is essential.

The need for protection, the economic benefits of installing 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.

The cri

considefed in three separate groups:

— the {irst group concerns protection measures to reduce physical\da
a structure is given in IEC 62305-3,

— the
elec

— the third group concerns protection measures to » age and fa
servjces connected to a structure (mainly electric tion lines) is
IEC B2305-5.

eria for design, installation and maintenance of lightning protection weasy

second group concerns protection measures to
ronic systems in a structure is given in IEC 62305-

res are

zard in

ical and

lures of
given in
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PROTECTION AGAINST LIGHTNING -

Part 1: General principles

1 Scope

This part of IEC 62305 provides the general principles to be followed in the protection
lightning of

against

— strugtures including their installations and contents as well as persons;

— servjces connected to a structure.
The follpwing cases are outside the scope of this standard:

— railway systems;

— vehigles, ships, aircraft, offshore installations;

— undegrground high pressure pipelines;

— pipe} power and telecommunication lines not

NOTE Upgually these systems are under specia

2 Normative references

The foll for the application of this docum
dated rgferences, only, the N Ci xplies. undated references, the latest e
the refe i i dments) applies.

IEC 623 ] 1 ] rt 2: Risk management

IEC 623 inst i ing — Part 3: Physical damage to structures
hazard
IEC 623054, t lightning — Part 4: Electrical and electronic system
structur

IEC 62305-5; Rrotection against lightning — Part 5: Services 2

ent. For
Hition of

and life

s within

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

lightning flash to earth

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

2 To be published.

or more
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3.2
downward flash
lightning flash initiated by a downward leader from cloud to earth

NOTE A downward flash consists of a first short stroke, which can be followed by subsequent short strokes. One
or more short strokes 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 short strokes. One or
more short strokes may be followed by a long stroke.

3.4
lightning stroke
single e|ectrical discharge in a lightning flash to earth

3.5
short stroke
part of the lightning flash which corresponds to an impulse

NOTE This current has a time to the half value T, typically less

3.6
long stroke
part of the lightning flash which correspqnds\to’\a

NOTE The duration time Tj,ng (time from the
continuin

il) of this

3.7

lightning flash consisting\on.a : them of

about 50 ms
NOTE Ejents havi@

been repd

ms have

3.8

point of
point wh
tree, etq

service,

3.9
lightning current

i

current flowing at the point of strike

3.10

peak value

1

maximum value of the lightning current

3.1
average steepness of the front of short stroke current
average rate of change of current within a time interval ¢, — ¢,

NOTE It is expressed by the difference i(s,) — i(¢t4) of the values of the current at the start and at the end of this
interval, divided by t, — t; (see Figure A.1).
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3.12
front time of short stroke current
T,

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 short stroke current
01

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 T, that instant

at which_the current attains 10 % of its peak value

3.14
time to [half value of short stroke current
T2
virtual garameter defined as the time interval between the virtd
which tHe current has decreased to half the peak value (see Kig

3.15
flash dyration
T
time for[which the lightning current flows

instant at

3.16

duratioh of long stroke current

Tlong

time dufation during whic between the 10 % of the peak value
during the increase of the's of the peak value during the dec

the confinuing current (&

3.17
flash ch

Oflash

3.18
short st

Oshort
time intg¢gra ghtnirig current in a short stroke

3.19

Fease of

long strokecharge
Qlong

time integral of the lightning current in a long stroke

3.20

specific energy

W/R

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 short stroke current
time integral of the square of the lightning current for the duration of the short stroke

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


https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

62305-1 © IEC:2006 -11-

3.22
object to be protected
structure or service to be protected against the effects of lightning

3.23

structure to be protected

structure for which protection is required against the effects of lightning in accordance with this
standard

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

3.24
service[to be protected

service onnected to a structure for which protection is required against e effectg-0Plightning
in accordance with this standard

3.25
lightning flash to an object
lightning flash striking an object to be protected

3.26
lightning flash near an object

lightning flash striking close enough to an objec
overvoltages

that it may cause dahgerous

3.27
electrical system
system

3.28
electronic system

system |incorporating ponents such as communication eqlipment,
computer, contro d i 5 tions

3.29
interna
electricd

3.30

damage hemical

and exp|

3.31

injury of living beings

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

3.32
failure of electrical and electronic systems
permanent damage of electrical and electronic systems due to LEMP
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3.33

lightning electromagnetic impulse
LEMP

electromagnetic effects of lightning current

NOTE It includes conducted surges as well as radiated impulse electromagnetic field effects.

3.34
surge
transient wave appearing as overvoltage and /or overcurrent caused by LEMP

NOTE Surges caused by LEMP can arise from (partial) lightning currents, from induction effects in installation
loops and as remaining threat downstream of SPD.

3.35
lightning protection zone
LPZ
zone wHere the lightning electromagnetic environment is defined

NOTE The zone boundaries of an LPZ are not necessarily physical bound

3.36
risk
R

value off probable average annual loss (humans g dsg the total
value (humans and goods) of the obje )

3.37
tolerable risk
Ry
maximum value of the risk

Q

3.38

lightning protecti s
LPL

number|related to
the asspociated
occurrin

t parameters values relevant to the probalbfility that
design values will not be exceeded in npaturally

Ay [)

NOTE L ect ed to design protection measures according to the relevant set of lightning
current pg

3.39
protect

measur¢s to be adepi€d in the object to be protected to reduce the risk

3.40

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 systems.

3.41

external lightning protection system

part of the LPS consisting of an air-termination system, a down-conductor system and an
earth-termination system
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3.42

internal lightning protection system

part of the LPS consisting of lightning equipotential bonding and/or electrical insulation of
external LPS

3.43

air-termination system

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

3.44

down-cphductorsystem
part of an external LPS intended to conduct lightning current from the air;
the earth-termination system

~terminationsystem to

3.45
earth-tgrmination system
part of pn external LPS which is intended to conduct and
earth

into the

3.46
external conductive parts
extendeE metal items entering or leayi \ >cted such as pipg works,
cable mgtallic elements, metal ducts, atc. whi ' the lightning current

3.47
lightning equipotential bonding
bonding| to LPS of separa etall [ ect” conductive connections or via surge
protectiye devices, to redus enti iffs aused by lightning current

3.48
shielding wire g}
metallic|wire use

3.49
LEMP prote
LPMS
complete

tem

3.50
magnetjc shield
closed, metallic, grid-like or continuous screen enveloping the object to be protected, or part of
it, used to reduce failures of electrical and electronic systems

3.51

surge protective device

SPD

device intended to limit transient overvoltages and divert surge currents. It contains at least
one non linear component

3.52

coordinated SPD protection

set of SPD properly selected, coordinated and erected to reduce failures of electrical and
electronic systems
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rated impulse withstand voltage

UW

EC:2006

impulse withstand voltage assigned by the manufacturer 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 between live conductors and earth is considered.

(IEC 60664-1:2002) [113

3.54

conven
ratio of
which, i

4 Lig

The tim
Informa

The ba
compon

Informa

tional earthing impedance
the peak values of the earth-termination voltage and the earth-termination

current

h general, do not occur simultaneously

htning current parameters

ents are given in Annex D.

ion on surges due to lightning

5 Da

5.1

Lightning affecting & s€ damage to the structure itself and to its odg
and co 3 nal systems. The damages and failures may alsq
to the s cture-and even involve the local environment. The scal
extensig acteristics of the structure and on the characteristic
lightning

5.1.1

The mailn eharacteristics of structures relevant to lightning effects include:

on LPS

cupants

extend
b of this
5 of the

— construction (e.g. wood, brick, concrete, reinforced concrete, steel frame construction);

- function (dwelling house, office, farm, theatre, hotel, school, hospital, museum, church,

priso

n, department store, bank, factory, industry plant, sports area);

— occupants and contents (persons and animals, presence of combustible or non-combustible
materials, explosive or non-explosive materials, electrical and electronic systems with low or
high withstand voltage);

3 References in square brackets refer to the bibliography.
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connected services (power lines, telecommunication lines, pipelines);

damage and life hazard, protection measures to reduce failure of internal systems);

existing or provided protection measures (e.g. protection measures to reduce physical

scale of the extension of danger (structure with difficulty of evacuation or structure where

panic may be created, structure dangerous to the surroundings, structure dangerous to the

environment).

Table 1 reports the

effects of lightning on various types of structures.

Table 1 — Effects of lightning on typical structures

Type of structure
accordi:t to

Effects of lightning

o

function pnd/or

contents

Dwelling-house Puncture of electrical installations, fire and material damage
Damage normally limited to objects exposed to the point of okto“the lighining current
path
Failure of electrical and electronic equipment an d (e.g. TV sets,
computers, modems, telephones, etc.)

Farm builfling Primary risk of fire and hazardous step vplta aterial damage
Secondary risk due to loss of electri dlife.hazard to livestock due to failure of
electronic control of veWon a od uppl Sy[ste s, efp.

Theatre, Damage to the electricaNinstaNati . électric lighting) likely to cause panic

Hotel, Failure of fire alarms res gin fighting measures

School

Department store

Sports arg¢a

Bank bo Blu prob m3s\Jresu M loss of communication, failure of computerg and loss

d a

Insurancg company

Commercjal

company,|etc.

Hospital e, oble s of people in intensive care, and the difficulties of rescuing immobile

Ie

Nursing hpme &

Prison

Industry \ itional effects depending on the contents of factories, ranging from minor to unpcceptable
damageand loss of production

Museums|and @ of irreplaceable cultural heritage

archeolodlical sites

Church

Telecommunications

Power plants

Unacceptable loss of services to the public

Firework factory

Munition works

Consequences of fire and explosion to the plant and its surroundings

Chemical plant
Refinery
Nuclear plant

Biochemical
laboratories and
plants

environment

Fire and malfunction of the plant with detrimental consequences to the local and global
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Sources and types of damage to a structure

The lightning current is the source of damage. The following situations shall be taken into
account, depending on the position of the point of strike relative to the structure considered:

- S1: flashes to the structure;

- S2: flashes near the structure;

— S3: flashes to the services connected to the structure;

— S4: flashes near the services connected to the structure.

Flashes to the structure can cause:

— imm

itsel

or dlie to the charge resulting in arc erosion (melted metal);

— fire
and

— injurn

— failu

— failu

— fire
tran
— inju
tran

— failu
and

— failu
and

NOTE 1
IEC 6100
NOTE 2
NOTE 3

pdiate mechanical damage, fire and/or explosion due to the hg pla
, due to the current resulting in ohmic heating of conductors

fe or ma tior
transmitt

Only.the sparks €arrying lightning current (total or partial) are regarded as able to trigger fire.

Lightning flashes, direct to or near the incoming pipelines, do not cause damages to the

5Ma arc

ductors),

resistive

currents

currents

ed lines

made to

structure,

provided

hat they are bonded to the equipotential bar of the structure (see TEC 62305-3).

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

— D1: injury of living beings due to touch and step voltages;

- D2: physical damage (fire, explosion, mechanical destruction, chemical release) due to

lightning current effects including sparking;

— D3: failure of internal systems due to LEMP.
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5.2 Damage to a service

Lightning affecting a service can cause damage to the physical means itself (line or pipe) used

to provide the service, as well as to connected electrical and electronic equipment.

NOTE The service to be considered is the physical connection between

— the switch telecommunication building and the user’s building or two switch telecommunication buildings or two

users’ buildings, for the telecommunication (TLC) lines,

— the switch telecommunication building or the user’s building and a distribution node, or two distribution nodes for

the telecommunication (TLC) lines,
— the high voltage (HV) substation and the user’s building, for the power lines,

— the main distribution station and the user’s building, for pipes.

The scale of this extension depends on the characteristics of the sepy eltype and
extensign of the electrical and electronic systems and on the charagt ightning
flash.
5.2.1 Effects of lightning on a service
The majln characteristics of services relevant to lightning e
— congtruction (line: overhead, underground, screened, unss : above
ground, buried, metallic, plastic);
— funcfion (telecommunication line, po%
— strugture supplied (construction, contents
— existing or provided protection mea cy, fluid
storage systems, generating sets,
Table 2|reports the effects\of i
/\ abl tning on typical services
Type of;b{@x{é\ Effects of lightning
Telecomnpunication li Meckanical damage to line, melting of screens and conductors,
bredkdown of insulation of cable and equipment leading to a primary
ailure with immediate loss of service
Secondary failures on the optical fibre cables with damage of thle cable
1 but without loss of service
Power lings \ \) Damages to insulators of low voltage overhead line, puncturing pf
insulation of cable line, breakdown of insulation of line equipment and of
transformers, with consequential loss of service
Water pipes Damages to electrical and electronic control equipments likely tp cause
loss of service
Gas pipes Puncturing of non-metallic flange gaskets likely to cause fire and/or
. explosion.
Fuel pipes
Damage to electrical and electronic control equipments likely to cause
loss of service

5.2.2 Sources and types of damage to a service

The lightning current is the source of damage. The following situations shall be taken into
account, depending on the position of the point of strike relative to the service considered:

- S1: flashes to the supplied structure;
- S3: flashes to the service connected to the structure;

— S4: flashes near the service connected to the structure.
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Flashes to the supplied structure can cause:

— melting of metallic wires and of cable screens due to parts of the lightning current flowing
into the services (resulting from resistive heating);

— breakdown of insulation of lines and of the connected equipments (due to the resistive
coupling);

— puncturing of non-metallic gaskets in flanges of pipes, as well as gaskets in insulating
joints.

NOTE 1 Optical fibre cable without metallic conductor are not affected by lightning flashes striking the supplied
structure.

Flashes to a service connected to the structure can cause:

— immgdiate mechanical damage of metallic wires or piping due to ele
heafijng effects caused by lightning current (breaking and/or metti

tress or
it wires,

screens or piping), and due to the heat of the lightning plas uring of
plastic protective cover);

— immgdiate electrical damage of lines (breakdown of {nsutatign)Na nnected
equipment;

—  pung , Where
cons bnveyed
fluidp.

Flashe

- bre% ~ ¢ coupling
(inddiced overvoltages).

NOTE 2 round.

As a redult, the lightning

— D2: [physical dam due to
thermal effectg™af li

— D3: failure of i

53 T

Each ty quential

loss in on the

charactg

For the

- L1: lpssrof humat life;

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

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

Loss of type L1, L2 and L3 may be considered as loss of social values, whereas loss of type L4
may be considered as purely economical loss.

Losses which may appear in a structure are as follows:
- L1: loss of human life;

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

— L4: loss of economic value (structure and its content).
Losses which may appear in a service are as follows:

— L2: loss of service to the public;

— L4: loss of economic value (service and loss of activity).

NOTE In a service, loss of human life is not considered in this standard.

The relationship between source of damage, type of damage and loss is reported in Table 3 for
structures and in Table 4 for services.

Table 3 — Damages and loss in a structure accordirig\to
different points of strike of lightning (\

Point|of strike Source of \\ng' g;\\ pe pof loss
damage a
N

. N
:D:( /@%

L1fLa
L1, L2, L3, L4
L1", |2, L4

/\ﬂL
Near a stjucture — — &K Q > S D3 L1*, L2, L4

pa

< o L1)L4™
Service cpnnected to
the structpre S3 D2 L1, L% L3, L4
D3
N / L1* L2, L4
A
A
N

Near a sefvic S4 D3 L1, L2, L4

INA

* Only for structures with risk of explosion and for hospitals or otner structures where faiure of internal systems
immediately endangers human life.

** Only for properties where animals may be lost.

Table 4 — Damages and loss in a service according to different points of strike of

lightning
Point of strike Source of damage Type of damage Type of loss
. D2
Service S3 D3
Near the service S4 D3 L2, L4
Supplied structure S1 Bé
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Types of loss resulting from types of damage and the corresponding risks are reported in

Figure 1.
Risk Risk Risk Risk
Ry Ry R3" Ry
Loss of Loss of Loss of Loss of
Type of human service to cultural L economic
loss life the public neritiage values
, Failure 2 of Failure of a0 of Fhilure of
Type of Iniury of | | physical || electrical | | Physical || electrical | | Physical | "MYNCIND I Physicap|| efectrical
damagd living damage and damage and daptage i damage and
beings electronic electronic L elpctronic
systems systems slystems
N\
\> IHC 2061/05
R Only fdr structures. G
2) Only f¢r hospitals or other structures where s immediately endanger human life.
3) Only fdr properties where animals may be lost.
6 Need and econao
6.1 I\l
The ne loss of
social v
In orde ar/or not lightning protection of an object is needed| a risk
assessryp with the procedures contained in IEC 62305-2 shall be mgde. The
followin gn into account, corresponding to the types of loss reported ip 5.3:
- Rqi man life;
-  Ry: nisk*of loss of services to the public;

— Rg:risk of loss of cultural heritage.

Protection against lightning is needed if the risk R (R4 to R3) is higher than the tolerable level

Ry

R >Ry

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

R <Rt
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If more than one type of loss could appear in the object to be protected, the condition R < R;
shall be satisfied for each type of loss (L1, L2 and L3).

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

NOTE 1 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 2 Detailed information on risk assessment and on the procedure for selection of protection measures is
reported in IEC 62305-2.

6.2 onomic convenience of lightning protection

it mayxbe Yseful to

Besides| the need for lightning protection for the object to be pro
¢] ace the

evaluate the economic benefits of providing protection measures
economjc loss L4.

ment of
adopted

In this ¢
risk R4
protectipn measures.

Lightning protection is cost effective if At Q ence of
protectipn measures and the cost Cppnof p of total

NOTE Dietailed information oh
IEC 6230p-2.

tection@

Protectipn measurgs
damage|.

ioncohvenience of lightning protection is rgported in

7 Pra

type of

71 P
v

Possiblg

— adeq

— equi
— physical restrictions and warning n

NOTE 1 Equipotentialization is not effective against touch voltages.

NOTE 2 An increase of the surface resistivity of the soil inside and outside the structure may reduce the life
hazard (see Clause 8 of IEC 62305-3).

7.2 Protection measures to reduce physical damage
Possible protection measures include:

a) for structures
— lightning protection system (LPS)
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NOTE 1 When a 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 fire-proof compartments,

extinguishers, hydrants, fire alarm and fire extinguishing installations, may reduce physical damage.

NOTE 3 Protected escape routes provide protection for personnel.
b) for services
— shielding wire

NOTE 4 For buried cables, a very effective protection is given by metal ducts.

7.3 Protection measures to reduce failure of electrical and electronic systems

Possible protection measures include:

a) for sjlructures

— UEMP protection measures system (LPMS) consisting of th
ysed alone or in combination:

o earthing and bonding measures;
¢ magnetic shielding;

¢ line routing;

¢ “coordinated SPD protection” .
b) for gervices

— durge protective devices (SPDS§
the line termination;

— rpagnetic shields of cables.

NOTE 1 |For buried cables, ver
thickness

NOTE 2 Route redundancy,
storage syptems, and automat
service.

NOTE 3 |An increasg vithsp
against fdilure due to qQyerye

74 P
The sel

owner & >
technice mical aspects of the different protection measures.

win

asuxgs to be

e and at

adequate

tems, fluid
ivity of the

measure

be protection measures shall be made by the designer{and the
d the amount of each kind of damage, and accordinpg to the

The crit S sessment and for selection of the most suitable protection measlres are

given in

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 its installation.

8 Basic criteria for protection of structures and services

An ideal protection for structures and services would be to enclose the object to be protected
within an earthed and perfectly conducting continuous shield of adequate thickness, and by
providing adequate bonding, at the entrance point into the shield, of the services connected to

the structure.
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This would prevent the penetration of lightning current and related electromagnetic field into
the object 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 lengths to provide such
optimum 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

— failupe-efinternat-systems

— failufe of the service and of the connected systems.

Protectipn measures, adopted to reduce such damages and relevag 5s, shall
be designed for the defined set of lightning current paramete ction is
requireq (lightning protection level).

8.1 Lightning protection levels (LPL)

For the [aim of this standard, four lightning protectio or each
LPL a set of maximum and minimum lightning curre

NOTE 1 |Protection against lightning whose bed those
relevant tp LPL | is not considered in this standa

NOTE 2 |The probability of occurrence of lightnihg witk itside the
range of Jalues defined for LPL | is less than 2 .

The makimum values of ligh{ni 8 s_Pélevant to LPL | will not be eXceeded,
with a probability of 99 % i G iy ratio assumed (see Clause A.2)| values
taken from positive fl3 i babilities below 10 %, while those from npegative
flashes Wwill remain below

The makimum va S ] parameters relevant to LPL | are reduced to Y5 % for
LPL Il and to 50 % far LF ipéar for I, Q and di/d¢, but quadratic for W/R). The time
parame

The maki Y eS onli p current parameters for the different lightning protectign levels
are give are used to design lightning protection components (e.g. crosg-section
of condue i eSS of metal sheets, current capability of SPDs, separation distance
against |dangs king) and to define test parameters simulating the effects of lightning
on such|compo see Annex D).

The mi derive the

rolling sphere radius (see Clause A. 4) in order to deﬂne the I|ghtn|ng protectlon zone LPZ 0pg
which cannot be reached by direct strike (see 8.2 and Figures 2 and 3). The minimum values of
lightning current parameters together with the related rolling sphere radius are given in Table 6.
They are used for positioning of the air-termination system and to define the lightning
protection zone LPZ 0g (see 8.2).
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Table 5 — Maximum values of lightning parameters according to LPL

First short stroke LPL
Current parameters Symbol Unit | ] 1 v
Peak current 1 kA 200 150 100
Short stroke charge Oshort c 100 75 50
Specific energy W/R MJ/Q 10 5,6 2,5
Time parameters T4/T, usl/us 10/ 350
Subsequent short stroke LPL
Currelnt parameters Symbol onit T 1] AN i v
Peak current 1 kA 50 37,5 \\ ~ \\%5
Average qteepness di/d¢ kA/us 200 15((\ \ 106\

Time pargmeters T4/Ty us/us b;gs\ﬁs\

Long stroke N

Curreint parameters Symbol Unit | < \ \ \JII | v

Long stroke charge Qiong c /206 150° 100

Time pargmeter Tiong s ( (7 \9/%

Flash \ X\/

=~
Currelnt parameters Symbol U\mt\\ \ I \ ) ] 1 v

Flash chafrge Oash c 380 225 150

&



https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

62305-1 © IEC:2006 -25-

LPZ 0
S3
] SPD 0,/1
LPZ 1
84 _. :<_ ’

)

AN

NG
as he structure
ash near to the structure

Flash to a service connected to the structure

1 Structure

Air terminatip

2

3 Down copdus
4 Eart

5

Incoming

4 Flash near a service connected to the structure
Rolling sphere radius

s Separation distance against dangerous sparking

Rirect flash, full lightning current

IEC 2062/05

LPZ Op Direct flash, full lightning current
LPZ Og 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 s

Figure 2 — LPZ defined by an LPS (IEC 62305-3)
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LPZ 0a
\ g/
@)\ LPZ g Q [_’_/]\ SPD 0g /1

S4

)
SPD 0p/1 LPZ 1

SPD 1/2
LPZ 0g \
\ ........ -.......u v

-

D b~ 0N

LPZ O,
LPZ 0g
LPZ 1
LPZ 2

\é@ IEC

structure

ar to the structure

Strugture (shield of LPZ 1) g

Air tgrmination system Flash n

Dowr conductor syste Flash to a service connected to the structure
Earth terminati@e ash near a service connected to the structure
Roonp (shield of L Rolling sphere radius

Services connecigd

4
9 uct dg Safety distance against too high magnetic field

Gfoundlevel

N6 direct flash, limited lightning or induced current, damped magnetic field

L0 N NG

P063/05

No direct flash, induced currents, further damped magnetic field

Protected volumes inside LPZ 1 and LPZ 2 must respect safety distances dg

Figure 3 — LPZ defined by protection measures against LEMP
(IEC 62305-4)
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Table 6 — Minimum values of lightning parameters and related rolling sphere radius

corresponding to LPL

Interception criteria LPL
Symbol Unit | 1l 11 v
Minimum peak current 1 kA 3 5 10 16
Rolling sphere radius r m 20 30 45 60

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 ftramthe mmmimum vatues defimed for each protection tevet(see Tabte 7)

Probpbility that lightning current parameters
v

Are smaller than the maximum values defined in Table 5 0,97
Are greater than the minimum values defined in Table 6 0,84
The pro pffective
against med for
design. Dbability
with whi

8.2 L

Protecti
lightning

LPZ doynstream
than thgt upstream a

With reg

LPZ Oa

LPZ 0g

d 3):

ightning
r partial

the full
lightning electromagnetic field. The internal systems may be subjected tp partial
lightning surge currents:

LPZ 1

LPZ 2, ..., n

zone where the surge current is limited by current sharing and by SPDs at the
boundary. Spatial shielding may attenuate the lightning electromagnetic field;

zone where the surge current may be further limited by current sharing and by
additional SPDs at the boundary. Additional spatial shielding may be used to
further attenuate the lightning electromagnetic field.

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

parameters.
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As a general rule for protection, the object to be protected shall be in a LPZ whose
electromagnetic characteristics are compatible with the capability of the object to withstand
stress causing the damage to be reduced (physical damage, failure of electrical and electronic
systems due to overvoltages).

NOTE 2 For most electrical and electronic systems and apparatus, information about withstand level can be
supplied by manufacturer.

8.3 Protection of structures

8.3.1 Protection to reduce physical damage and life hazard

The strLLcture to be protected shall be inside an LPZ 0g or higher. This is athieved by-means of

a lightnipg protection system (LPS).

An LPS

The fungtions of the external LPS are

— to infercept a lightning flash to the structure (with an ai
— to conduct the lightning current safely to earth (wi

— to disperse it into the earth (with an earth-termt

The fungtion of the internal LPS is td\pre r ithi e, using
either gquipotential bonding or a seps isolation)
betweenp the LPS components and to the
structure.

Four classes of LPS (I, i i on the
corresp i S 5h width
etc.) an

Where 1e.sbil otside, and of the floor inside the structurg¢ is not
sufficiern g

— outs of the exposed conductive parts, by equipotentiplization
of t:lu meshed earthing system, by warning notice and by physical
restyi

— insid by equipotential bonding of services at entrance point |nto the
stru

LPS sh3ll comply with'requirements of IEC 62305-3.

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

— overvoltages due to lightning flashes to the structure resulting from resistive and inductive
coupling;

— overvoltages due to lightning flashes near the structure resulting from inductive coupling;
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— overvoltages transmitted by lines connected to the structure due to flashes to or near the
lines;

— magnetic field directly coupling with internal systems.

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

The system to be protected shall be located inside a LPZ 1 or higher. This is achieved by
means of magnetic shields attenuating the inducing magnetic field and/or suitable routing of
wiring reducing the induction loop. Bonding shall be provided at the boundaries of LPZ for
metal parts and systems crossing the boundaries. This bonding may be accomplished by
means of bonding conductors or, when necessary, by surge protective devices (SPDs).

Protectipn measures for LPZ shall comply with IEC 62305-4.

Effectivg protection against overvoltages, causing failures of inter
achievefl by means of a “coordinated SPD protection”, limiting
impulse|withstand voltage of the system to be protected.

SPDs shall be selected and installed according to the re

8.4 Protection of services
The seryice to be protected shall be

— inside an LPZ 0g or higher to reduce physix : electing
undgrground instead of aerial roufing ng wire,
whefe effective according to the lin iCs_0 Creasing
the pipe thickness to a y N

’

— inside an LPZ 1 or Wi service.
This|is achieved b eans of

adequate maghetic hieId| of ca ges by
meaps of ad '
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Annex A
(informative)

Parameters of lightning current

A.1 Lightning flashes to earth

Two basic types of flashes exist:

— dow
- upw
Mostly ¢
and/or

probabil
physica

A lightn

— shor

— long

EC:2006

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

higher structures upward flashes become domina
ity of a direct strike to the structure increases (s

t strokes with duration less tha ms (Pig

strokes with duration longer than 2

90 %

: v 50 %

00

o \\\\_)’
i T T

bxposed

eight, the

and the

IEC 2064/0b

Key

0O, virtual origin
I peak current
T, front time

T, time to half value

Figure A.1 — Definitions of short stroke parameters (typically 75 <2 ms)
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Qlong
10 % 10 %

T —>

Tiong >

IEC 2065/05

Key

Tiong duration time

Oiong long stroke charge

Figure A.2 — Definitions of long stroke

Further [differentiation of strokes comes from thei i bm their
position| during the flash (first, subsgQuent, Svperi nts are
shown ip Figure A.3 for downward flas

First short stroke|

9

AN

Dsitive or negative

| |
Subsequent
short strokes
T

Negative

Long stroke

T

N/ T Positive or negative T

Negative T
IEC 2066/05

Figure A.3 — Possible components of downward flashes
(typical in flat territory and to lower structures)
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Superimposed
short strokes
Short stroke
First
—— long stroke
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Long stroke

Positive or negative Positive or negative

Subsequent
short strokes

N

Né@at\ivy

Negative

!

Figure A.4 — Possible components of upward flashes

b

L 2067/05

(typical to exposed and/or higher structures)

The additional component in upward flashes is the first long stroke with or

without up to some

ten superimposed short strokes. But all short stroke 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.
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A.2

Lightning current parameters

—-33-—

The lightning current parameters in this standard 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 i and the dispersion gj,4 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 flashes is assumed. The polarity ratio is a
function of the territory. If no local information is available, the ratio given herein should be

used.
Table A.1 — Tabulated values of lightning current parameter en from CIGRE
(Electra No. 41 or No. 69*) [3], [4]
Parameter Fixed values Values Ty e O%Str ke Line in
for LPL | 95 % 50 % 5 9 < Higure A.5
1 (kA) 4(98 %) | 20(80 %) | 90~ \ﬁ\t%gat\ew 1A+1B
50 4,9 11,8 | /286~ | “Subseguent nggative short 2
200 4,6 35\ \250 / | Fitstositive’short (single) 3
Ofiash (C) 1,3 75\ | ) 40 [~{(Negativerriash 4
300 20 80\ | \ 350\ Posifive flash 5
Oshort (C) 1,1 AN 4\5\ \ZQ “First negative short 6
0,22 ( 4 \ Subsequent negative short 7
100 2\ \16\ 150" | First positive short (single) 8
W/R (kJ/<Y) 6 \\/§50 First negative short 9
b/\ 0,(35\ \6\/ 52 Subsequent negative short 10
10l000 25 650 15000 | First positive short 11
di/dtmay \) \9\1 \24,3 65 *First negative short 12
(kAlps) \\9& 39,9 161,56 *Subsequent negative short 13
/\ 0 0,2> 2,4 32 First positive short 14
dildta0/90 b, 00 St 20,1 98,5 | *Subsequent negative short 15
(kA/us) (\
Oiong (C) \\\\SOO\ Long
fiong (5) s ) Long
Front duration 1,8 5,5 18 First negative short
(ks) 0,22 1.1 4,5 Subsequent negative short
3,5 22 200 First positive short (single)
Stroke duration 30 75 200 First negative short
(us) 6,5 32 140 Subsequent negative short
25 230 2 000 First positive short (single)
Time interval 7 33 150 Multiple negative strokes
(ms)
Total flash 0,15 13 1100 Negative flash (all)
duration (ms) 31 180 900 | Negative flash (without
single)
14 85 500 Positive flash

NOTE The values of I = 4 kA and I = 20 kA correspond to a probability of 98 % and 80 %, respectively.
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Table A.2 — Logarithmic normal distribution of lightning current parameters —
Mean / and dispersion 0,4 calculated from 95 % and 5 % values

from CIGRE (Electra No. 41 or No. 69) [3]. [4]

Mean Dispersion Line in

Parameter U O 1og Stroke type Figure A.5
I (kA) (61,1) 0,576 *First negative short (80 %) 1A
33,3 0,263 *First negative short (80 %) 1B
11,8 0,233 *Subsequent negative short 2
33,9 0,527 First positive short (single) 3
Onacn (C) 7,21 0,452 Negative flash ([ 4
83,7 0,378 Positive flash REEeY:
Ourort (C) 4,69 0,383 First negative short <\

17,3 0,570 First positive SDQN\(S\\gIe)\\\ \

W/R (kJIQ) 57,4 0,596 First negatiVe.short\y | >
5,35 0,600 Subse(y/nt neg}u{\h{ \ 10
612 0,844 /F\irL\t pé y]ve,\shc}t\ 11
dildi,ay 24,3 0,260 _/\First nedatide short > 12
(kA/Ks) 40,0 0,369 \s\ubse\went\ggativejshort 13

2,53 0,670/‘ S|t|ve short 14

di/dt30/90 % 20,1 0,420 XSub Wegatlve short 15
(kA/us)

Oiong (C) N 2%\ \( Long
tiong (5) I \5\5/\ \ ~—7 Long

Front durat ,69 .30 ) First negative short
(Ks) ;

6
0,938 0,383 Subsequent negativg/shxk \\Z/\
9

) 0,3 Subsequent negative short
/\ 26 0,53 First positive short (single)
Btroke rati\x N \0"-21)/0 First negative short
]
) \ 0,2 0,405 Subsequent negative short
<\ \ 2 0,578 First positive short (single)
Time<interval \| 82/ 0,405 Multiple negative strokes
(ms
JTotal'flash 12,8 1,175 Negative flash (all)
durdation (ms) - - -
107 U, 440 Nedgative Tiasi (Witnout sirgie)

83,7 0,472 Positive flash
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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 objects. Statistical
distribution of estimated lightning current peak values that does not consider the effect of tall objects is also

available

from lightning location systems.

A.3 Fixing the maximum lightning current parameters for LPL |

The mechanical effects of lightning are related to the peak value of the current (1), and to the
specific energy (W/R). The thermal effects are related to the specific energy (W/R) when
resistive coupling is involved and to the charge (Q) when arcs develop to the installation.
Overvoltages and dangerous sparking caused by inductive coupling are related to the average

steepnefs (d77d7) of the lightning current Tront.

Each of
shall be

the single parameters (I, O, W/R, di/dt) tend to dominate eack
taken into account in establishing test procedures.

i$m. This

A.3.1 First short stroke and long stroke

The valpes of I, QO and W/R related to mechanical and i |ed from
positive| flashes (because their 10 % values are the corresponding 1 %
values ¢f the negative flashes). From Figure A.5 (lines 3 ) the following values

with propabilities below 10 % can be taken:

1

Oflash

Qshort
W/R

di/dt

For a firlst short stroke
front time:

¥ 200 KA

F 10 MJ/IQ

300 C
100 C

20 kA/ps

h for the

Ty =11/ (di/dt) = 104

For an ¢xponentia energy
values @

Qshort

W/R

These fprmulas, together with the values given above, lead to a first approximation for fthe time
to half vialue:

T, =350 us

For the long stroke, its charge can be approximately calculated from:

Qlong = Oflash™ Pshort = 200 C

Its duration time, according to Figure A.2, may be estimated from the flash duration time as:

Tlong

=0,5s
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A.3.2 Subsequent short stroke

The maximum value of average steepness di/ds related to the dangerous sparking caused by
inductive coupling is determined from subsequent short strokes of negative flashes (because
their 1 % values are much higher than the 1 % values from first negative strokes or the
corresponding 10 % values of the positive flashes). From Figure A.5 (lines 2 and 15) the
following values with probabilities below 1 % can be taken:

I = 50KkA
di/dt = 200 kA/ps

For a subsequent short stroke according to Figure A.1 these values give an first approximation
for its frpnt time of:

Ty =1/{di/dt) = 0,25 pus

Its time|to half value may be estimated from the stroke duratio nt short
strokes!

T, =100 ps (T, is of minor interest).

A.4 Fkixing the minimum lightning curre

The intgrception efficiency of an LPS\dep Ameters
and on| the related rolling sphere radi ich are
protectgd against direct lightning flashe thod.

Followin
correlat
report [3

stfoke current. In an IEEE workingg group

(A1)

where

r isth
I isth
For a gk phere\radius r it can be assumed that all flashes with peak valuep higher

than the minimum peak value 7 will be intercepted by natural or dediqated air
terminafi Terefoxe, the probability for the peak values of negative and posie]ive first

strokes |from_Figu g
into accpunt’the polarity ratio of 10 % positive and 90 % negative flashes, the total interception
probabiltty can be calculated (see Tabte 7).
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Annex B
(informative)

Time functions of the lightning current for analysis purposes

The current waveshapes of:

— the first short stroke 10/350 us
— the subsequent short strokes 0,25/100 us

62305-1 © IEC:2006

may be defined as:

10
j=d g (W)

e P (B.1)
where
I is the peak current;
k is the correction factor for the peak current;
t is thp time;
r, is thp front time constant;
T, is the tail time constant.
For the|current wavesha bkes for
differenf LPL, the parameters hown in
Figures|B.1 to B.4.
Q Tab{e ters for Equation B.1
/\\ Fi%h\o‘r(ét{%ke Subsequent short stroke
Paraméters \ \ \T_\RL/ LPL
\1\ \ >II n-v | Il n-1v
I(kxg/\ o \ 150 100 50 37,5 25
k 03 0,93 0,93 0,993 0,993 .993
7, (Hs) 19> 19 19 0,454 0,454 D,454
7, (Hs) 485 485 485 143 143 143
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100 %
90 %
5us
50 % / V4
10 % <\\
™ A
0%
N o
IEC 2069/05
Figure B.1 - rise of the first short stroke

9
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100 %

200 ps

600 50 % /\/\( Ox
\AQ\\Q J

N
RO
EECRALY /oA

IEC 2070/05

Figure B.2 - &veshi;e fth%ren tail’of the first short stroke
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100 %

90 %

i

// 0,2 ps <\(
50 %

N
X
S

)/

$
RS

S)
0% a

¢
1

T2
\> IEC 2071/05

Figure B.3 — Wave ri f the subsequent short stroke$

9
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100 %

50 ps

50 %

W
/S \Q\\
KN

IEC 2072/05

0 %

Figure B.4 - Wav%m

the subsequent short strokeg
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The long stroke can be described by a rectangular waveshape with an average current 7 and a
duration Tjong according to Table 5.

From the analytic curves, the amplitude density of the lightning current (Figure B.5) can be

derived.

%‘}—»

10

IEC 2073/05

10°
4
N — (
102 N \!

2 \<4 < Q\/
XQ% -
10U %\

1 X 3 \/
. RS0
10 J \
» 4
—2 ( (\
- [\/\
107" @ 01\@2 10° 10" 10° 10°
S ——=— Hz
Long stroke 400 A 0,5s
BZ First short stroke 200 kA 10/350 ps
3 Subsequent short stroke 50 kA 0,25/100 ps
Enveloping curve

Figure B.5 — Amplitude density of the lightning current according to LPL |


https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

—44 — 62305-1 © IEC:2006

Annex C
(informative)

Simulation of the lightning current for test purposes

C.1 General

If an object is struck by lightning, the lightning current is distributed within the object. When
testing individual protectlon measure components, th|s must be taken mto account by choosing
' y j y Fas to be

arge

grator is ghown in
first shoft stroke

The te rom adverse healing and

melting

The tes ¢ specific
energy . hese parameters shall be obfained in
the sam current
The tesf parameters r ation 7)
are given in Tab.

Depend ifst short
stroke ¢ G j stroke
follows irsths ' aediately. Tests for arc melting should be performed usjing both

polaritiefs.
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Start switch RE
.j/ 1 100 pH to 300 pH ;
e e e [— & e o
15Q 0,5s
1 Lp
— 20k Crowbar Shunt
switch R
160 kV charging p G
voltage UL | 600 V —
‘ |::| R1=0,1Q Ry Rs
® S o e 14
L Current generator for or
the first short stroke
IEC 2074/05
NOTE Thpe values apply to LPL I.
Figure|C.1 — Example test generator for the simu atl energy of the first
short stroke and the ch
Table C.1 — Test @w{
T Tolefance
est parameters (
RS I -1v b
S
Peak cyrrent / N ) 20 150 100 o
Charge [0, l C) 160 75 50 +p0
Specifid energy W< > (MJ 10 5,6 2,5 5
ab C.2 — Test parameters of the long stroke
N LPL Tolefance
st parameters
I 1l - °
Charge [Ojong 200 150 100 +00
Duration L (s) 0.5 0.5 0.5 10

C3

Simulation of the front current steepness of the short strokes

The steepness of the current determines the magnetically induced voltages in loops being
installed near conductors carrying lightning currents.

The current steepness of a short stroke 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, (which may be
used to simulate the front steepness of a lightning current associated with a direct lightning
strike). The simulation can be done for a short first stroke and a subsequent short stroke.


https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

NOTE This simulation covers the front current steepness of short strokes. 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

— 46—

the simulation according to Clause C.2.

For further information on test parameters simulating the effects of lightning on LPS

components, see Annex D.

62305-1 © IEC:2006

Table C.3 — Test parameters of the short strokes

Test parameters

-
7 rote

1 NIV

ance

First shprt stroke

Ai (kA) 200 150 0 \}?O
At (us) 10 10<\ 1 +P0o
Subseqpent short strokes U

Ai (KA) 50 %\ #H10
At (us) 0, 25 F\ozi 25 +P0

F'1gure C.2-

|
S

efinition for the current steepness in accordance with Table C.

0

|

O

(et — [\ { ——

t ————

IEC 2075/05



https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

62305-1 © IEC:2006 —47 -

2 uH 0,25Q 3
—./.—-—:} A
b
9 puH
300 kV
charging ne
voltage U, — 104F
0,1Q
S L ]
W/

Current generator Test ite\
1EC 2076/05

NOTE Tpese values apply to LPL I.

Figure C.3 — Example test generator for the simula steepnegs

9|uH
3,5 nv
charging — 40n
voltgge ‘<>

o, Q

\
\> “Marx"generator Test item

IEC| 2077/05

NOTE T

ample test generator for the simulation of the front steepnegs
of the subsequent short strokes for large test items
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Annex D
(informative)

Test parameters simulating the effects of lightning on LPS components

D.1 General

This Annex D gives the basic parameters to be used in a laboratory to simulate the effects of

lightning- majof part of
the lightning current and shall be used in conjunction with the st ing the
requirements and the tests for each specific component.

NOTE Pprameters relevant to system aspects (e.g. for the coordination of_surg i \ }are not
considered in this annex.

D.2 CQurrent parameters relevant to the point of

The lightning current parameters playing a role in th i an LPS are in|general
the peak current I, the charge Q, the specific energy W/R (th on T and the javerage

steepn
mechan
combing

s of the current di/d¢. Ea
sm, as analysed in detail beld
tions of these values, selected

minate a differen{ failure

atory the actual failure meghanism

of the pjart of the LPS being tested. The—¢ri 3 TO e.selection of the outstanding qpantities

are give

Table D
function

n in Clause D.5.

9

and di/d¢ to be considered for tests, as a
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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

Main

Component problem Lightning threat parameters Notes
Erosion at LPL Qiong T
attachment C
: point (e.g.
o o | thin metal ' 200 <1's (apply
sheets) I 150 Oiong In @
single shot)
H-1v 100
Ohmic LPL W/R T
heating kJ/Q (
| 10 000 Apply W/R in N
an adiabatic
Air I 5600 configuration
terminatign m-1v 2500 /\
and down Mechanical LPL I W/R O
conducto effects KA kJ/O 4 \
I 200 10 00 L
1 150 5 600
H-1v 100 f2\ 0 A
Combined LPL I N\ PR LN
effects A k3 Q
thermal,
. (et | 2 0000 | xZms
Connectirlg el (apply 7
componelits | @nd arcing) I 50 680 and
MV 1 :B 25 W/R in a
single
N pulse)
LRL 09 r . _
e Dimensionfng
Ero usually
Earth attachmé | 20 determined by
terminatidns <1s (apply mechanicdl/che
Oiong in @ mical aspdcts
IV 100 single shot) (corrosion fetc.)
W I Qshort W/R di/de Apply 1, Qdnorts
kA C kJ/Q kA/us and W/R ina
SPDs < single pulge
containing I 200 100 10 000 200 (duration
spark gaps I 150 75 5 600 150 | 7<2 ms); gpply
Ai/At in a
1n-1v 100 50 2 500 100 separate pulse
LBl SNOTT
Energy Both aspects
effects | 100 nﬁedktodbe
(overload) checked.
SPDs 1 75
containing n-1v 50
metal-oxide
resistor LPL 1 T S o tost
blocks Dielectric kA caer??)rea e tests
effect | 200 .
(flashover/cra <2ms considered
cking) 1l 150 (apply I'in a
ingl |
-1V 100 single pulse)
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D.3 Current sharing

The parameters given in the Table D.3 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 down
conductors and natural conductors are normally present in an external LPS. Additionally,
different services 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 waveshape through a component at a specific
location of the LPS should be evaluated. Where an individual evaluation is not possible, the
current parameters may be assessed by means of the following procedures.

For the[evaluation of the current sharing within the external LPS, the cqnfi i 1|actor ke
(see Anpex C of IEC 62305-3) may be adopted. This factor provides g e share
of the lightning current flowing in down conductors of the exterqal BSt-case
conditiops.

For the|evaluation of the current sharing in presence of ex
and telgcommunication lines connected to the protected s

ke and K’ considered in Annex E may be adopted.
tighof
of. th

d power
blues of

current

The abqgve-described approach is applicable for
f r parameters of the crrent is

flowing |n one particular path to earth.
carried put as follows:

=5

(D.1)

(D.2)

(D.3)

(D.4)

where

Xp is quantity considered (peak current I, charge Qp, specifig energy
(W/R)p, steepness (di/dt)p) relevant to a particular path to earth "p";

X is|the 'value ofthe quantity considered (peak current I, charge Q, specific energy (W/R),
cUrrent steepness (di/d¢)) relevant to the total lightning current:

k is the current sharing factor:

ke is the current sharing factor for external LPS (see Annex C of IEC 62305-3);

ke, k’e are the current sharing factors in the presence of external conductive parts and
power and telecommunication lines entering the protected structure (see Annex
E).
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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 conductor or into an LPS.
Thermal effects are also relevant to the heat generated in the root of the arcs at the
attachment 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 sjgnificant{-paft of the
lightning current. The minimum cross-sectional area of conductor, e(Csyfficient to
prevent| overheating of the conductors to a level that would pre
surrounglings. Despite the thermal aspects discussed in D.4.1, i ithstind and

corrosign. The evaluation of conductor heating due to lightnik ) j8 sometimes
necessgry when problems can arise because of the risk fire or
explosign damages.

Guidange is given below to evaluate the temperat b flow of

a lightnipg current.
An anal

The ins| dctor due to an electrical current is

expressgd as:

(D.5)
The thefmal ene@ » : wplete lightning pulse is therefore the ohmic repistance
of the lightning pa gt nponent considered, multiplied by the specifi¢ energy
of the ptise. This & ) essed\in units of Joules (J) or Watt/seconds (WIS).

(D.6)
In a ligh : e high specific energy phases of the lightning flash are too|short in
duration omenon
is therefore to,be
The temperature of the conductors of the LPS can be evaluated as follows:

w
1 ? Lir Cpog
0-gyg=——|exp—— -1 (D.7)

where
&6, temperature rise of the conductors (K);
a temperature coefficient of the resistance (1/K);

W/R specific energy of the current impulse (J/Q);
2 specific ohmic resistance of the conductor at ambient temperature (Qm);
q cross-section area of the conductor (m?2);
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y material density (kg/m3);
Cw thermal capacity (J/kgK);
23 melting temperature (°C).

Characteristic values of the physical parameters reported in Equation (D.7), for different
materials used in LPS are recorded in Table D.2. 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-section area.

The typical lightning stroke is characterized by a short duration stroke (time to half value of a
few 100 us) and hlgh current peak value Under these crrcumstances the skrn effect should
also be with LPS

compon e LPS
conduct hductor)
reduce the contribution of the skin effect in the temperature rise of 4 y \egligible
levels.
The component of the lightning flash most relevant to this heati ) i irst return
stroke.

Tahle D.2 - Physical characteristics of typica mﬁial used PPS compongnts

RN AN

Quajntity
Aluminium \ \MﬂNeel\ ﬁopper Stainlegs steel”

Po(Qm) 29 10-9 /l 120\Q\)\ 17,8 10-9 0,7 06

a (1/K) 4,0 10-3 \ (\5\1033\ 3,92 10-3 0,8 03

y (kg/m?3) 2700\ /7 N\ X7 > 8 920 3 E

0, (°C) N 6%8\ N (. 1 530) 1080 1 400

C, (J/kg) [ 397408 \2\(2 103 209 108 ]

Cu (J/kgK) > ¢ 908 < 385 540

* Austenific non magnetl

Table|D (F@l\e\xﬁfor conductors of different sections as a function ¢f W/R

Material
c&\ \\ru@% Mild steel Copper Stainless stgel”
s n‘:rt];g" \) W/R W/R W/R W/R
MJ/Q MJ/Q MJ/Q MJ/Q
25 5;6 10 25 5;6 10 2.5 5;6 10 25 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 1 3 5 45 100 | 190
* Austenitic non magnetic.
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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 immediate 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 Qf t DN metal
surfaces$ at the attachment point of a lightning channel. For sake0f sii dard will
report ¢nly the anode-or-cathode voltage drop model. i nrodel is
particu{rly effective for thin metal skins. In all cases, j ults as it
postulates that all the energy injected in the lightning a melt or
vaporize . Other|[ models
introdug the duration of the
current Impulse.
D.4.1.2.2
The eng rop ua ¢
multiplig
(D.8)
As ug ¢l is fairI ightning
current [Q) is primefil
The ang
A simplifi hat all of the energy developed at the arc root is used|only for
melting. es this assumption but leads to an overestimate of thel melted
volume
u
y=ltacfy L (D.9)
V2 o (A — 0\
CW\¥S Ut/ €S
where
vV is the volume of metal melted (m3);
Ug ¢ is the anode-or-cathode voltage drop (assumed as constant) (V);
0 is the charge of the lightning current (C);
y is the material density (kg/m3);
Cw is the thermal capacity (J/kgK);
(28 is the melting temperature (°C);
6, is the ambient temperature (°C);

is the latent heat of melting (J/kg).
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Characteristic values of the physical parameters reported in this equation, for different
materials 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 current. Laboratory experience has revealed that the effects 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 depend 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 conductor i one_curkentdcarrying
conductpr exists, forms a corner or a loop.

When a| current flows through a circuit, the amplitude ¢ S i veloped
at the various positions of the circuit depend on both/the amplitude ; rent and
the geometrical configuration of the circuit. The me i¢ - owever,
depends not only on their amplitude but also 0 ¢ , 'tion, as
well as pn the geometrical configuratiq -

D.4.21/ Electrodynamic forces

Electrodynamic forces dev parallel
section< of length [ and ] can be
(D.10)

the distancebetween the straight parallel sections of the conductor (m).
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In an L ductors,
forming h Figure
D.2. Th¢ diagram of the stresses for thissonfigure i orted in Figure D.3. The axjal force
on the horizontal conductor tends to pu Qut of the clamp. The numerigal value
of the fgrce along the horizontal conductor idering @>peak current value of 100 klA and a

length of a vertical conductdrof 0

O

~)

IEC 2079/05

Figure D.2 — Typical conductor arrangement in an LPS
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/
L O
\d

F kN/m

NOTE P

Fi .2
D.4.2.1.
In termg rce F(t)
is prop of the instantaneous current (r)2. In terms of the stress

develop

ahical LPS structure, expressed by the product of thg elastic

deformgti d. the\elastic constant k£ of the LPS structure, two effects shjpould be

consider

structur
behavio

yechanical frequency (linked with the elastic behaviour of the LPS
ermanent deformation of the LPS structure (linked with it plastic
ur) aré the~ofost important parameters. Moreover, in many cases the effegt of the

friction forces within the structure are also of significant importance.

The amplitude of the vibrations of the elastic LPS structure, caused by an electrodynamic force

develop

ed by the lightning current, can be evaluated by means of second order differential

equations; the key factor being the ratio between the duration of the current impulse and the
period 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

mechan

ical stress occurs after the cessation of the current impulse and has a peak value that

remains lower than that of the applied force. In most cases, maximum mechanical stress can
be neglected.


https://iecnorm.com/api/?name=1bb223e68b093923667d7f474a810eac

62305-1 © IEC:2006 - 57—

Plastic deformation occurs when the tensile stress exceeds the elastic limit of the material. If
the material composing the LPS structure is soft, for example aluminum or annealed copper,
the electrodynamic forces can deform the conductors in corners and loops. LPS components
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 current impulse. It also
depends on the waveshape 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, e shock
is dependent upon the peak current value and the rate of rise of the & '

In genefal, the damage due to the acoustic shock wave is jnsig 9 ta)parfs of the
LPS, buf can cause damage to surrounding items.

D.4.2.3 Combined effects

In pracfice, both thermal and mechanigal effec ' ing of the
material of the components (rods, c ; i 5, much

greater [damage can occur than otherwi losively
fuse angl cause considerable damage to - e metal
is sufficlent to safely handle the overall/action, o eck pd.

D.4.3 $parking

In general, sparking ammable environments.: In most practical

cases, gparking is qot

Two different type: 0 ing 8an occur i.e. thermal sparking and voltage sparking. [Thermal
sparking occurs ént is forced to cross a joint between two copducting
materia near the edges inside a joint if the interface pressure is
too low; o ily Xo(t 'h surrent density and inadequate interface pressure. The |ntensity
of the th inked to the specific energy and therefore, the most critical phase of
the ligh{m : turn“stroke. Voltage sparking occurs where the current is fprced to
take co inside a joint, if the voltage induced in such a loop excgeds the
breakdd een the metal parts. The induced voltage is proportional to |the self

inductance multiplied
componlent for voltagé

by the steepness of the lightning current. The most critical lightning
sparking is therefore the subsequent negative stroke.

D.5 LPS components, relevant problems and test parameters

Lightning protection systems are made of several different components, each having a specific
function within the system. The nature of the components and the specific stresses to which
they are subjected, requires special consideration when setting up laboratory tests to check
their performance.
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D.5.1 Air-termination

Effects on air-termination systems arise from both mechanical and thermal effects (as
discussed below in D.5.2, 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,
particularly in natural LPS components such as thin metal roof skins (where puncture or
excessive rear surface temperature rise may occur) and suspended conductors.

For arc erosion effects, two main test parameters should be considered: i.e. the charge of the
long duration current 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 néglect

The duration of the current has an important role in the heat trar into the
material. The duration of the current applied during the tests shall b those of
long dunation strokes (0,5 s to 1 s).

D.5.2 Down conductors

Effects pn down conductors caused by lightning can b€

— ther

- rrent is
shared by conductors positioned in changes

i (bends or connections betw ple with
boratory

ases in

cross-
Iblished
D.4.1.1.
nductor

In all cdses/for which a laboratory test is required, the following considerations shall bhe taken
into accpunt,

The main test parameters to be considered in this case 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 considered are those relevant to the first
stroke. Conservative data are obtained by considering positive strokes.
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The impulse current duration has a decisive influence on the heat exchange process with
respect to the ambient conditions surrounding the considered conductor. In most cases the
duration of the impulse current is so short that the heating process can be considered
adiabatic.

D.5.2.2 Mechanical effects

As discussed in D.4.2.1, mechanical interactions are developed 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 usyal situation in which a visible effect can occur is when a conductor forlms a‘ldop or is

bent. When such a conductor carries the lightning current, it will be supj erhanical
force which tries to extend the loop and to straighten the corner ang utward
The m i clear
distinctipn should be made, however, between the electrodyna ortional
to the s uare of the current amplltude and the correspondmg stress™¢ b elastic
charact natural
frequengi ver than
the elec Chanical
behavio 5 of the
present

In all cq pllowing
considefations shall be taken into accoury;, he first return stroke gre to be
considefed: the duration, the specific gnergy o\¢tF pulse current and, in the case| of rigid

systemg, the amplitude of the current.

The dufation of the imp
oscillatipn of the LPS
terms of displacement:
— If the durati&
oscillation of th& LP
i Ises), the

the period of the natural mefhanical
of mechanical response of the system in

shorter than the period of natural meghanical
rtnal case for LPS structures stressed by lightning
Gity of the system prevents it from being d|splaced

appf nechanical stress is essentially related to the specifi¢ energy
of t ak value of the impulse current has a limited effect.

— If thle i 8 impdise is comparable with or higher than the period off natural
mechani ation of the structure, the displacement of the system is more sensitive to

the ave qAppli . i , i illse and

The spcrflc energy of the |mpulse current governs the stress causmg the elastic andl plastic
deforma :
first stroke.

The maximum values of the impulse current govern the length of the maximum displacement of

the LPS structure, in case of rigid systems, having high natural oscillation frequencies.
Numerical values to be considered are those relevant to the first stroke.

D.5.3 Connecting components

Connecting components between adjacent conductors of an LPS are possible points of
mechanical and thermal weakness where very high stresses occur.
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In the case of a connector placed in such a manner as to make the conductor follow a right
angle, the main effects of the stresses are linked with mechanical forces which tend to
straighten the conductor set and resisting friction forces between the connecting component
and the conductors 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 contact surfaces has a notable effect.

Laboratory tests have shown that it is difficult to separate each effect from one another 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 gbsence of a valid model, laboratory tests should be conducted [n suck_amway as to
represent as closely as possible the appropriate parameters of the lighji in fhe most
critical situation: i.e. the appropriate parameters of the lightning cuf plied by
means ¢f a single electrical test.

Three parameters are to be considered in this case: the p
the durdtion of the impulse current.

rgy and

The makimum values of the impulse current governg th i fore, or, if and after the
electrodynamic pulling force exceeds the fricti A aximum
displacgment of the LPS structure. Numeri : ¢ ht to the
first strdke. Conservative data are obta i

here the
relevant

The spdcific energy of the current imp
current |s concentrated over smaII are
to the first stroke. Conservati

The dun aximum displacement of the structyire after

friction role in the heat transfer phenomenalinto the
material.

D.5.4

The redl problems with miration electrodes are linked with chemical corrogion and
mechan ; ) ed by forces other than electrodynamic forces. In practical cases,
erosion e F It is, however, to be
conside vaby coptrary tQ air terminations, a typical LPS has several earth terminatigns. The
lightning D Wi hared between several earthing electrodes, thus causing less
importa

Two mdin tést parameters are to be considered in this case: the charge and duration of the
long duration impulse current.

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 important role in the heat transfer phenomena into
the material. The duration of the current impulses applied during the tests shall be comparable
to those of long duration strokes (0,5 s to 1s).
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D.6 Surge protective device (SPD)

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.6.1 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, melting and vaporizing of material;

— the mechanical stress caused by the shock wave of the discharge.

It is extfemely difficult to investigate separately these effects, as both
lightning current parameters by means of complex relationships.

For spafk gaps, laboratory tests shall be conducted in such a wg
possiblg the appropriate parameters of the lightning current in tf
the appfropriate parameters of the lightning current shal
electrical stress.

Five pafameters shall be considered in this case: th¢ p
specific c

The cu
considef
positive|strokes.

The chgrge governs the
possibly vaporize part Qf the
values tp be considered aretf

the lond duration cur
the power suppl@e

The dur|

The sp4cijfi
and the
surface

by cons

nergy in the arc will heat up,
e attachment point of the arc. Nyimerical
whole lightning flash. However, the c
many cases, depending on the configu

linked Wwgth tLe main

bsely as

tion: i.e. all

h single

lion, the

5 to be
sidering

melt and

harge of
ation of

rent governs the heat transfer phenomena into the mags of the

ént impulse governs the self-magnetic compression off the arc
trode plasma jets developed at the interface between the ejectrode

merical
btained

NOTE F r park —aan i d A—naowar ornnly ma H-\ 0. aihl pewar fraatianay, fallag
oF—SpParc—gapsS—uSea—oR—Power——St PPty uyotvlllo POSStoTe power—requeRey—oow

constitutes an important stress factor, which must be taken |nto consideration.

D.6.2 SPD containing metal-oxide varistors

SHsf

rraont
€t

mplitude

Stress to metal-oxide varistors caused by lightning can be divided into two main categories:
overload and flashover. Each category is characterized by failure modes generated by different
phenomena and governed by different 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 carry out separate tests to

check the behaviour under each failure mode condition.
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Overloads are caused by an amount of absorbed energy exceeding the capabilities of the
device. The excessive energy considered here is related to the lightning stress itself. However,
for SPDs installed on power supply 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 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-oxide resistors block, considering as a
constant the residual voltage of the metal-oxide resistor block. Numerical values to be
considered are those relevant to the lightning flash.

Flashovers and cracking are caused by the amplitude of current i eeiiing the
capabilifies of the resistors. This failure mode is generally evidenced ashover
along the collar, sometimes penetrating into the resistor block causi a hole

perpendicular to the collar. The failure is mainly linked with a digfe collar of
the resisgtor block.

For the|simulation of this lightning phenomenon, two t0 be conjsidered:

the maximum value and the duration of the impulse cu

The maximum value of the impulse current def level of
residual| voltage, whether the maxim i esistor collar is exceeded.
Numerigal values to be considered are Hata are
obtained by considering positive strokes,

The dur
on the r

C stress

nents
ing the
roduced

ortance

ssed by

The numerical values of the parameters to be used during the tests can therefore be calculated
on the base of the data given in Table D.1, applying the reduction factors linked with current
sharing, as expressed by the formulae reported in Clause D.3.
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Annex E
(informative)

Surges due to lightning at different installation points

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|necessary).
E.1 urges due to flashes to the structure (source of
E.1.1 urges flowing through external conductive parts and\ings'c s he

structure
When g¢onducted to earth, the lightning current ig ination
system,|the external conductive parts and the line i em.
If (E.1)
is the p then £k,
depends on:
— the pumber of parallel pathsy
— thei conventional [e i i - istance,

whefe overhead p S
— the ¢onventio 3

VA
e for underg 7 (E.2)
Z, +Z(n +n, -5
ZZ
VA
R ke = Z (E.3)
Z,+Z(n, tn =)
Zl

where

Z is the conventional earthing impedance of the earth-termination system;

Z, is the conventional earthing impedance of the external parts or lines (Table E.1) running
underground;

Z, is the earth resistance of the earthing arrangement connecting the overhead line to ground.
If the earth resistance of the earthing point is not known, the value of Z, shown in Table E.1
may be used (where the resistivity is relevant to the earthing point).

NOTE 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.

n4 is the overall number of external parts or lines running underground;
n, is the overall number of external parts or lines running overhead;

1 is the lightning current relevant to the LPS class considered.
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Assuming as first approximation that one half of the lightning current flows in the earth
termination system and that Zo = Z4, the value of k¢ may be evaluated for an external

conductive part or line by:

ke = 0,5 /(n1+ n2)

(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

kKo=ke/n'

’ H +h dotal oo b o o f =
n belng are towdar 1tuiTmtrveT Ul u

For shiglded lines bonded at the entrance, the values of current £\ for_ea

conductprs of a shielded service are given by:

ko =keRs/ (n"ORg + R,)

ohmic resistance per unit length of shield;

ohmic resistance per unit length of inner conductor.

inductance between core and shield.

NOTE 3 |This formula may underestimate the role of the ield” i r@srtin lightning current due

(0]

(E.5)

f the n'

(E.6)

o mutual

Table E.1 — Conventional earthing i ance values Z and Z,
according e resij
N
WI earthin Mdance related to the class of LPS
z
p z
om Q Q
[\ \ = I =1V
<10 <‘E> 4 \/ 4 4
200 6 6
500 1 10 10
100 2 15 20
200 10 15 40
60

300Q K 10 15

N
NOTE Vplues reported in\this table refer to the conventional earthing impedance of a buried conductor upder

impulse cpndition(10/350 p5).

fi
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E.1.2 Factors influencing the sharing of the lightning current in power lines

For detailed calculations several factors can influence the amplitude and the waveshape of
such surges:

» the cable length can influence current sharing and waveshape characteristics due to the
L/R ratio;

» different impedances of neutral and phase conductors can influence current sharing among
line conductors;

NOTE For example, if the neutral (N) conductor has multiple earths, the lower impedance of N compared with
L4, Ly, and L3 could result in 50 % of the current flowing through the N conductor with the remaining 50 %
being shared by the other 3 lines (17 % each). If N, L4, L,, and L3 have the same impedance, each conductor

will cRTTy approximately 25 % of the current.

« diffgrent transformer impedances can influence current sharing (thi
ransformer is protected by SPDs bypassing its impedance);

the
* the

on the load side can influence current sharing (the lower the

higher is the surge current flowing into the low voltage syste

e pardllel consumers cause a reduction of the effective i
whigh may increase the partial lightning current flo

The selgction of the J,

irections

referred

values of /i, , are assogi
Ta@\ overcurrents due to lightning flashes
N
Molé@ s tems> Telecommunication lines
Flasirto Flash™near NM, or on the Flash to the Flash near the | Near to, or on the
the servic k ervice > structure service service structure
ource\of | Source of damage Source of Source of Source of dgmage
LPL a 4 | S1or S2 (induced damage S3 damage S4 S2 (indufped
indirect current only for S1) | (direct flash) (indirect flash) currenf)
lash
) Waveform: 8/20 us waveform: measured: Waveform: /20 us
\Wayveform: | Waveform: 10/350 ps 5/300 ps
161356 ts——8/26-fts (kA) (kA).
(kA) (kA) (kA) (estimated:8/2
0 ps)
(kA)
Hn-1v 5 2,5 0,1 1 0,01 (0,05) 0,05
I-1l 10 5 0,2 2 0,02 (0,1) 0,1
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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 service
conductors in parallel.

E.2.2 Surges due to flashes near the services (Source of damage S4)

Surges from flashes near services have energies much lower than those associated with
flashes to services (source of damage S3).

Expected overcurrents, associated with a specific lightning protection Ieve/LPL) are given in

Table E[Z.

For shig tor 0,5.
E.3 $urges due to induction effects (Source of damé

Surges ightning
flashes shield of
LPZ 1 e to be
considef of LPZ
1/2.

E.3.1 §

Inside dn unshielded LPZ 1 (e.g. prote te b i 62305-3
with me i S h|gh surges are to be expected dug¢ to the
inductio 3 s

Expecte given in
Table E

E.3.2 §

Inside ¢ rding to
Annex 1agnetic
fields is E.3.1.
Inside L d.
Inside L{PZ{2 the surges are further reduced due to the cascaded effect of both spatia| shields
of LPZ TTand CPZ 2

E.4 General information relating to SPDs

The use of SPDs depends on their withstand capability, classified in IEC 61643-1 [6] for power
and in IEC 61643-21 for telecommunication systems.
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SPDs to be used according to their installation position are as follows:

a) At the line entrance into the structure (at the boundary of LPZ 1, e.g. at the main
distribution board MB):

e SPD tested with Timp (typical waveform 10/350, e.g. SPD tested according to Class I);
» SPD tested with 7, (typical waveform 8/20, e.g. SPD tested according to Class II).

b) Close to the apparatus to be protected (at the boundary of LPZ 2 and higher, e.g. at
secondary distribution board SB, or at a socket outlet SA):

« SPD tested with /. (typical waveform 8/20, e.g. SPD tested according-to Class Il);

D tested

« $PD tested with a combination wave (typical current waveform
gaccording to Class Ill).

®
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PROTECTION CONTRE LA FOUDRE -

Partie 1: Principes généraux

AVANT-PROPOS

1) La Commlssmn Electrotechmque Internatlonale (CEI) est une organlsatlon mondlale de normalisation
compgsee e La CEl a
pour bjet de favor|ser la cooperatlon |nternat|ona|e pour toutes Ies questlons de norma' atlon dans les

interngationales, des Spécifications techmques des Rapports techniques, des §pé 2 sibles au
public| (PAS) et des Guides (ci-aprés dénommeés "Publication(s) de la CEI"). L€ s iée a des
comites d'études, aux travaux desquels tout Comité national intéressé pa j ité artigiper. Les

organ|sations internationales, gouvernementales et non gouvernementalg
également aux travaux. La CEl collabore étroitement avec I'Organisation
selon des conditions fixées par accord entre les deux organisations.

articipent
alisatjon (1SO),

2) Les dé¢cisions ou accords officiels de la CEl concernant les questions T & a mesure
du popsible, un accord international sur les sujets étudiés, ¢ & i de la CEI

intéregsés sont représentés dans chaque comité d’études.

audatiens infernationales et sont agréées
commeg telles par les Comités nationaux de Ja aisonnables sont entrepris afin que la CEI
s'assyre de I'exactitude du contenu technjquede se ;YVa CEl mepeut pas étre tenue regponsable
de I'éyentuelle mauvaise utilisation ou interprétation qui en gst fait¢”par un quelconque utilisateur final.

3) Les Ppblications de la CEIl se présentent sous la form

4) Dans ' 'uni ité i foia € ités natiornatlx de la CEIl s'engagent, dar]s toute la
mesu ible, & i Publications de la CEl dans leurs publications
natio &gi . i Publications de la CEIl et toutes pyblications
natio 2gi 6 i indiquées.£n termes clairs dans ces derniéres.

5) La CEl na prevu aucune proce a indication dapprobatlon et n'engag¢ pas sa

6) Tous les utilisateurs doivents’as i possession de la derniére édition de cette publication.

7) Aucurle respongé S Ng it £ i ce\a Ja a ses administrateurs, employés, auxiliaires ou
mandataires, y pris s o qrticu 'ers et les membres de ses comités detudes et deq Comités

nationfaux de la C ¢ out autre
dommjage de quel e i 5 les frais
de judtice) et les<dépens 2 3 icati 'utilisati icati )EI ou de
toute 2

8) L'atte blications
référe

9) L’atte vent faire
I'objef] nue pour
respo ce.

La Nor la CEl:

Protectiba~contretafoudre-

La série CEI 62305 (Parties 1 a 5), est établie conformément au Nouveau Plan de
Publications, approuvé par les Comités nationaux (81/171/RQ (2001-06-29)). Ce plan
restructure et met a jour, sous une forme simple et rationnelle, les publications de la série
CEIl 61024, de la série CEl 61312 et de la série CEl 61663.

Le texte de cette premiére édition de la CEl 62305-1 est élaboré a partir de la norme suivante
et la remplace:

— la CEl 61024-1-1, premiére édition (1993).
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
81/262/FDIS 81/267/RVD

CEI:2006

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée, aussi fidélement que possible, selon les Directives ISO/CEI,
Partie 2.

La CEI
foudre:
Partie 1
Partie 2
Partie 3
Partie 4
Partie 5

Le comité a décidé que le contenu de

mainten
donnée
* reco
* supq
* rem
* ame

Principes généraux

Evaluation du risque
Dommages physiques sur les structures et risques
Réseaux de puissance et de communication da
Services

ance indiquée sur le site
5 relatives a la publication rech

nduite,
rimée,
blacée par une édit

hdée.

62305 comprend les parties suivantes, sous le titre général. Protection(cepntre la

date de
ans les

1 A publier
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INTRODUCTION

Il n’existe pas de dispositifs ou de méthodes susceptibles de modifier les phénoménes
naturels au point d’empécher les décharges de foudre. Les impacts de foudre sur des
structures ou a leur proximité (ou sur des services pénétrant dans les structures) sont
dangereux pour les personnes, les structures elles-mémes, leur contenu, les installations et
les services. C’est pourquoi les mesures de protection contre la foudre sont essentielles.

Il convient que le besoin d’'une protection, les bénéfices économiques de la mise en ceuvre de
mesures de protection appropriées et leur choix soient déterminés en terme d’évaluation du

risque. La méthode d’évaluation du risque fait I'objet de la CEl 62305-2.

Les criteres de conception, de mise en ceuvre et de maintenance de
contre la foudre sont analysés dans trois parties séparées:

sures~ge ' \pf

otection

- une|premiére partie qui se référe aux mesures de protection de\rédustion\dessdofimages

physiques et des dangers pour les personnes en raison des’co
strugture fait 'objet de la CEIl 62305-3;

- unel|deuxiéme partie qui se référe aux mesures de pro
des|réseaux de puissance et de communication
CEI1]62305-4;

- une|troisiéme partie se référant aux mesure
physiques et des pertes des seryvices ligs
résgaux de puissance et de com ati

| 62305-5.

ts sur la

illances

jdt de la

fection™de réduction
ure plus particuliére

mages
ent les
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PROTECTION CONTRE LA FOUDRE -

Partie 1: Principes généraux

1 Domaine d’application

La présente partie de la CElI 62305 donne des principes généraux a suivre pour la protection
contre la foudre

- des
- des

Les cas

- chernins de fer;

- Vvéhi

structures, y compris leurs installations, leur contenu et les pers

services liés a une structure.

suivants sont hors du domaine d’application de la prés

cules, navires, avions, installations en mer;

- canIIisations enterrées a haute pression;

= can

NOTE (

2 Réflérences normatives

Les do
docume|

lisations, lignes de puissance et de compat

es cas sont généralement régis par ¢

ition citée s'applique. Pour les réf

non datges, la derniérg sférence s'applique (y compris les é
amendements).

CEIl 62305-2, Pr@' Q BOA Partie 2: Evaluation du risque

CEI 623 dre — Partie 3: Dommages physiques sur les st
et risqués hupia

CEI 623

nication

CEI 623

contre la foudre — Partie 4: Réseaux de puissance et de
dans les\Structures

05-5, Protestion contre la foudre — Partie 5: Services 2

tes.

présent

grences

entuels

Fuctures

commu-

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

3.1

coup de foudre a la terre
décharge électrique d'origine atmosphérique entre un nuage et la terre, consistant en un ou

plusieur

2 Apub

s coups de foudre

lier.
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escendant
itié par un précurseur descendant du nuage vers le sol

NOTE Un éclair descendant comprend un premier coup de foudre de courte durée, pouvant étre suivi de coups
consécutifs de courte durée, et pouvant inclure un coup de longue durée.

3.3

éclair ascendant

éclair in

itié par un précurseur ascendant depuis une structure sur le sol vers un nuage

NOTE Un éclair ascendant comprend un premier coup de foudre de longue durée ou de multiples coups de courte
durée superposés, pouvant étre suivi de coups consécutifs de courte durée et pouvant inclure un coup de longue

durée.

3.4

coup de¢ foudre

simple ¢

3.5

coup de¢ foudre de courte durée

partie d

NOTE G

3.6

coup d¢ foudre de longue durée

partie d

NOTE L
typiquemg

3.7

coups multiples

coup de
typique

NOTE P
temps, en

3.8

écharge électrique lors d'un coup de foudre a la terre

I coup de foudre correspondant a un courant i

e courant présente un temps jusqu’a mi-valeur T, de v, e a 2 ms (voir Fi

point dli

point oU

une Insik

NOTE U

3.9

courant
i
courant

3.10

ure A.1).

urant est

le temps

Fvalles de

ructure,

s’écoulant au point d'impact

valeur créte

1

valeur maximale du courant de foudre

3.11
raideur

moyenne de montée du courant de foudre de courte durée

valeur moyenne de la variation de courant dans un intervalle de temps ¢, — ¢,

NOTE Elle s’exprime comme la différence entre les valeurs de choc au début et a la fin d'un intervalle de temps
spécifié i(t,) — i(z4) divisée par l'intervalle de temps ¢, — 4 (voir Figure A.1).
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3.12

temps de montée du courant de foudre de courte durée

Iy

parameétre virtuel défini égal a 1,25 fois l'intervalle entre les instants ou 10 % et 90 % de la
valeur créte sont atteints (voir Figure A.1)

3.13

origine virtuelle du courant de foudre de courte durée

01

point d'intersection avec I'axe du temps d'une ligne droite tracée entre les points de référence
du temps de montée 10 % et 90 % (voir Figure A.1); elle est précédée par l'instant 0,1 T,
correspondant a 10 % de sa valeur créte

3.14
temps jusqu'a mi-valeur
Ty
paraméfre virtuel défini égal a l'intervalle de temps entre I'origine™w \ ' nt ou le
courant|a décru jusqu'a mi-valeur du courant créte (voir Figure A

3.15
durée de I’éclair
T

durée pgndant laquelle le courant de foudre s’éc

3.16
durée d

ongue durée est compris enfre 10 %
permanent et 10 % de la valeur créte

Oflash
intégral > dve” pendant la durée totale du coup de foudre

3.18
charge

Qshort
intégrale de Y nt de foudre pendant la durée du coup de foudre de courtq durée

3.19
charge |de'coup de foudre de longue durée

g
intégrale de temps du courant de foudre pendant la durée du coup de foudre de longue durée

3.20

énergie spécifique

W/R

intégrale de temps du carré du courant de foudre pour la durée du coup de foudre

NOTE Elle représente I'’énergie dissipée par le courant de foudre dans une résistance unité.

3.21

énergie spécifique du courant de courte durée

intégrale de temps du carré du courant de foudre pour la durée du coup de foudre de courte
durée

NOTE L’énergie spécifique d’'un courant de longue durée est négligeable.
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3.22
objet a protéger
structure ou service a protéger contre les effets de la foudre

3.23

structure a protéger

structure pour laquelle une protection contre les effets de la foudre est prescrite conformé-
ment a la présente norme

NOTE Une structure a protéger peut étre une partie d’ une structure plus grande.
3.24

servicera-protéger

service pénétrant dans une structure pour lequel une protection contre lgs effets.de’la foudre
est pregcrite conformément a la présente norme

3.25
coup dé¢ foudre direct sur un objet
coup del foudre frappant directement I'objet a protéger

3.26
coup dz foudre proche d’un objet
impact flu coup de foudre suffisamment proche de Robjet/2 mmager

les résejaux de puissance ou de communhi

3.27
réseau de puissance
réseau comprenant des composants de

3.28
réseau de communicati

réseau |[comprenant de
nication| systé a@ »
installatjons d’électroni

3.29
réseau i
réseaux

commu-
adio et

unication a l'intérieur d’une structure

3.30

domma -
dommage slr,la strugture ou dans son contenu en raison d’effets mécaniques, thefmiques,
chimiques\ét explosifs de la foudre

3.31

blessures d’étres vivants

blessures, y compris la mort, de personnes ou d’animaux en raison des tensions de contact et
de pas dues a la foudre

3.32

défaillance d’un réseau électrique et électronique

dommage permanent d’un réseau électrique et électronique di aux effets électromagnétiques
de la foudre (IEMF)
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3.33

impulsion électromagnétique de foudre

IEMF

effets électromagnétiques dus au courant de foudre

NOTE Elle comprend les chocs conduits ainsi que les effets induits du champ magnétique.

3.34
choc
onde transitoire créant une surtension et/ou une surintensité due a I'lEMF

NOTE Les chocs dus a I'lEMF peuvent étre provoqués par des courants (partiels) de foudre, a partir d’effets
inductifs dans les boucles de I'installation et comme menace restante en aval des parafoudres.

3.35
zone de¢ protection contre la foudre
ZPF
zone oyl 'environnement électromagnétique est défini

NOTE Legs limites d’'une ZPF ne sont pas forcément des limites physiques sol ou le

plafond).

3.36
risque
R
mesure|des pertes probables annuell i raison de la foydre par
rapport g &

3.37
risque folérable
Ry
valeur maximale du risqué

-

3.38
niveau
NPF
chiffre |
valeurs
d’orage

que les
aturelle

NOTE U
I'ensembl

mément a

3.39
mesure

mesure$ aadopterpgur I'objet a protéger afin de réduire le risque

3.40

systéme de protection contre la foudre

SPF

installation compléte utilisée pour réduire les dangers de dommages physiques dus aux coups
de foudre directs sur une structure

NOTE Elle comprend a la fois une installation extérieure et une installation intérieure de protection contre la
foudre.

3.41

installation extérieure du systéme de protection contre la foudre

partie de systéme de protection contre la foudre comprenant un dispositif de capture, des
conducteurs de descente et une prise de terre
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3.42

installation intérieure du systéme de protection contre la foudre

partie du SPF comprenant les liaisons équipotentielles de foudre, et/ou I'isolation électrique
d’un SPF extérieur

3.43

dispositif de capture

partie de l'installation extérieure utilisant des éléments métalliques tels que tiges, mailles ou
fils tendus destinés a intercepter la foudre

3.44

conducteur de descente
partie de l'installation extérieure destinée a conduire le courant de foudre dix dispesitif de
capturela la prise de terre

3.45
prise d¢ terre
partie dIe I'installation extérieure destinée a conduire et 3-~diss Echarge

atmosphérique a la terre

3.46
éléments conducteurs extérieurs

parties métalliques pénétrant dans ou
élémenfs de cables métalliques, cor
courant|de foudre

sations,
artie du

3.47

liaison
interconnexion des parties metalfi i directes
ou par i : de potentiel engendrées par le couyrant de
foudre

3.48
écran
tresse 1 i1 les dommages physiques dus a I'impact de |a foudre

3.49
systém
ensemb

3.50
écran magnétique
grillage métallique fermé ou écran continu entourant I'objet a protéger, ou une partie de celui-
ci, afin de réduire les défaillances des réseaux de puissance et de communication

3.51

parafoudre

dispositif congu pour limiter les surtensions transitoires et évacuer les courants de choc.
Il comporte au moins un composant non linéaire

3.52

protection coordonnée par parafoudres

(parafoudres coordonnés)

ensemble de parafoudres coordonnés choisis de maniére appropriée et mis en ceuvre afin de
réduire les défaillances des réseaux de puissance et de communication
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3.53
tension assignée de choc
U,

w
tension donnée par le constructeur de I'équipement ou d'une partie de I'équipement,

caractérisant la tenue spécifiée de son isolation contre les surtensions

NOTE Dans la présente norme, seule la tension assignée de choc entre les parties conductrices et la terre est
considérée.

(CEI 60664-1:2002) [113

3.54

résistance de terre conventionnelle

rapport ge-ta—valeureréte-deta-tension—et éral, ne
se produisent pas en méme temps

4 Panameétres du courant de foudre

Les parameétres du courant de foudre utilisés dans la série CERG2S B8\2 hexe A.
L’AnneX alyse.
L’AnneX T j ddocourant”de foudre a des fins
d’essaig. 6

L’Annex uler les
effets d

L’Annee E donne des ints de
I'installgtion.

5 Do mage

5.1

La foudre quj § peut entrainer des dommages sur cette structltere, ses
occuparnts ef s \bi pris des défaillances des matériels, particulierement aux
réseaux A mages et les défaillances peuvent aussi s’étendre dans
I’enviro ture et peuvent impliquer I'environnement local. Cette extension
est fongtion iques de la structure et du coup de foudre.

511 a foudre sur la structure

Les caractéristiques principales des structures vis-a-vis des effets de la foudre sont les
suivants:

— les matériaux de construction (par exemple, bois, brique, béton, béton armé, armatures
métalliques);

— la fonction (habitat domestique, bureaux, fermes, théatres, hbtels, écoles, hépitaux,
musées, églises, prisons, magasins, banques, usines, sites industriels, stades);

— les occupants et les biens (personnes et animaux, matériaux non inflammables, matériaux
inflammables, mélanges explosifs ou non explosifs,dispositifs électriques ou électroniques
a haute ou basse tension);

w

Les chiffres entre crochets se référent a la bibliographie.
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- les services connectés (réseaux de puissance, lignes de communication, canalisations);

- les mesures de limitation des effets consécutifs aux effets des dommages (par exemple
les mesures pour réduire des dommages physiques et pour protéger la vie, les mesures
de protection pour limiter I’échec des réseaux internes);

— I'échelle d’extension du danger (structure avec difficulté d’évacuation ou la panique peut
s’installer, structure avec danger pour les alentours, structure avec danger pour I’environ-
nement).

Le Tableau 1 indique les effets de la foudre sur divers types de structures.

Tableau 1 — Effets de la foudre sur des structures habituelles

Type dé¢ structure
selon leur fonction Effets de la foudre “
es

et/ou leur contenu
riel

Locaux d’habitation Perforation des installations électriques, incendie et domm

(par exemple

Fermes Risque primaire d’incendie et saut de t ngereux plus)des dommages natériels
Risque secondaire di a la perte de/ al fon E{.danger de mort pour le bétaillen raison
de la défaillance de la mand ect % ventilation et de la distributign de
nourriture

Théatres Dommages dans l'installation electrigue \am_gle/éclairage) susceptibles de provoquer

la panique
Hbtels
Défaillance des alarme mesures anti-incendie
Ecoles
Magasins
Zones sportives l\ ('\
Banques Comme ci- s avec-eh complément des problemes dus a la perte des commupications,
s @é Ces dés-ordjna S et la perte de données
Compagnjes

d’assuranice
Compagnjes
commercifles, etc.

Hopitaux o] e-/Ci-desSyus avec en complément des probléemes de personnes en soins intgnsifs et
. difficultésa évacuer des personnes impotentes
Nurseries \
Prisons
Industrie Effets complémentaires en fonction des produits fabriqués, allant de la dégradatign mineure
ayx dégats inacceptables avec perte de production
Musées e} sites Pertes irremplagables de I’héritage culturel
archéologiques
Eglises
Communications et Pertes inacceptables de services pour le public
production de
puissance
Usines d’artifices Conséquences d’'incendie et d’explosion pour le site et son environnement
Munitions
Usine chimique Incendie et dysfonctionnements sur le site avec des conséquences nuisibles pour
o I’environnement local et global
Raffinerie

Site nucléaire

Laboratoires
biochimiques et sites
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5.1.2 Sources et types de dommages pour une structure

Le courant de foudre est la source de dommage. Les sources de dommages suivantes

doivent étre prises en compte selon la situation de I'impact sur la structure:

— S1: éclair frappant directement la structure;

— S2: éclair frappant le sol a proximité de la structure;

— 83: éclair frappant directement les services connectés a la structure;

— S4: éclair frappant le sol a proximité des services connectés a la structure.

Les éclai i . OGHOF:
- des
foudre lui-méme dus au courant résultant de la chaleur ohmig
son |courant associé (conducteurs surchauffés) et a sa charge (
- un in
coui
- des en raig
couplages résistif et inductif;
— des I'IEMF.
Les éclpirs frappant a proximité de
— des a 'lEMF.
Les écl
- un ipcendie et/ou uné
couflants de foudreprans
- des|blessures pou ison des surintensités et surtensions tra
par |es servi on
— des réseaux internes en raisg

Les écllairs 5 imité des services connectés a la structure

des dysfonctionnements des réseaux internes en raig
par les services connectés a la structure.

la série CEI%62305. Il convient de se référer a la CEl 61000-4-5 [21.

anal de
rs ou a

ons de

bon des

et des

hsmises

on des

peuvent

on des

cation de

NOTE 2 Seules Tes etincelles du courant de foudre (partiel ou total) sont considerees comme pouva
cause d’un incendie.

NOTE 3 Les coups de foudre directs ou a proximité des canalisations entrantes ne provoquent pas de d

nt étre la

ommages

sur la structure si les canalisations sont reliées a la liaison équipotentielle de la structure (voir la CEIl 62305-3).

En conclusion, la foudre peut engendrer trois types essentiels de dommages:

— D1: blessures d’étres vivants dues aux tensions de contact et de pas;

- D2: dommages physiques (incendie, explosion, destruction mécanique, émanation

chimique) dus au courant de foudre, y compris les étincelles dangereuses;
— D3: défaillances des réseaux internes dues a I'lEMF.
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5.2 Dommages pour les services

La foudre affectant un service peut entrainer des dommages au service lui-méme — ligne ou

canalisation — ainsi qu’aux matériels électriques et électroniques lui étant associés.

NOTE Les services a considérer sont des liaisons physiques entre

- le batiment de communication et celui de l'utilisateur ou entre deux batiments de communication ou deux

batiments d’utilisateurs, pour les lignes de communication,

- le batiment de communication ou le batiment de l'utilisateur et un nceud de distribution ou entre deux nceuds

de distribution pour les lignes de communication,

- le poste de transformation haute tension et le batiment de I'utilisateur pour les lignes de puissance,

— la station principale de distribution et le batiment de I'utilisateur pour les canalisations.

L’étendllne de cette extension est fonction des caractéristiques de ce

e et de
I’extens|jon du réseau électrique ou électronique associé et des cara Clair.
5.21 Effets de la foudre sur un service
Les principales caractéristiques d’un service vis-a-vis des effe - nent:
- la cpnstruction (ligne aérienne, souterraine, écraptée 3 ibre iqQue; candlisation:
au-dessus du sol, enterrée, métallique ou plastig
- la fgnction (lignes de communication, lignes d
- la sfructure concernée (constructi
- les mesures de protection existants b, para-
foudres, redondance des chemine Intations

sang interruption).

Le Tableau 2 donne les

Tableau

e sur des services typiques

Classificlation desW}(&\

\ Effets de la foudre

Ligne de gommunicatio

Miques de la ligne, fonte des écrans et des conducteurd,
éfaillance primaire de I'isolation du cable et des matériels principaux par une
premiere_défaillance avec perte immédiate des services

nces secondaires des cables a fibre optique avec des dommageg sur le
mais sans perte de service

Lignes de iséﬂ%\

Dommages des isolateurs des lignes aériennes de basse tension, percements de
I'isolation des céables de ligne, défaillance primaire de I'isolation du cabl¢, et du
transformateur avec perte consécutive des services

Canalisat|ons d'eau

Dommages des matériels électriques et électroniques de commande sugceptibles
d’entrainer une perte des services

Canalisations de gaz

Canalisations de fuel

Percements des brides non métalliques susceptibles d’entrainer un incendie et/ou
une explosion

Dommages des matériels électriques et électroniques de commande susceptibles
d’entrainer une perte des services

5.2.2 Sources et types de dommages pour un service

Le courant de foudre est la source de dommage. Les sources de dommages suivantes
doivent étre prises en compte selon la situation de I'impact sur la structure.

— S1: éclair frappant directement la structure

— 83: éclair frappant directement les services connectés a la structure;

— S4: éclair frappant le sol a proximité des services connectés a la structure.
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Les éclairs frappant la structure peuvent provoquer:

NOTE 1

la fusion des conducteurs et des écrans des lignes due a la circulation du courant de

foudre dans les lignes (résultant de I'échauffement résistif);

la rupture de I'isolement des lignes et de leurs matériels associés( résultant du couplage

résistif)

perforation des joints non métalliques des brides des canalisations et des garnitures des

joints isolants.

frappant la structure alimentée.

Les écljirs frappant directement les services connectés a la structure [peuve

provoquer:

NOTE 2 |Les cables a fibr
frappant Ie sol.

Les cables a fibres optiques sans conducteur métallique ne sont pas sensibles aux coups de foudre

de la nature du fluide circulant.

la rypture de l'isolation des lign
indugtif (surtensions inda

En condlusion, | > ¢ ypes essentiels de dommages:
D2: qJommages V'§ i i explosion, destruction mécanique,
chimjque) et effe i ay courant de foudre,

projoquer:

sociés;
des non
fonction
peuvent

ouplage

He foudre

émanation

- D3:d issance et de communication dues aux surtensigns.

53 T

Chaque g€, seul ou associé, peut entrainer des pertes différentes dans une
structur N sexvice. Le type de perte dépend des caractéristiques de la structure et du
service.

Pour les besoins de la présente norme, les types de pertes suivants sont considérés:

L1: perte de vie humaine;
L2: perte de service public;
L3: perte d’héritage culturel;

L4: perte «économique (structure et son contenu, services et perte d’activité).

Les pertes L1, L2 et L3 peuvent étre considérées comme des pertes sociales, tandis que L4
est considérée comme perte purement économique.

Les pertes pouvant apparaitre dans une structure sont les suivantes:

L1: perte de vie humaine;

L2: perte de service public;
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- L3: perte d’héritage culturel;
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— L4: perte «économique (structure et son contenu).

Les pertes pouvant apparaitre dans un service sont les suivantes:

— L2: perte de service public;

- L4: perte «économique (structure et son contenu, services et perte d’activité).

NOTE Dans un service, la perte de vie humaine n’est pas considérée dans la présente norme.

La correspondance entre les sources de dommages, les types de dommages et les pertes est
indiquée dans le Tableau 3 pour les structures et dans le Tableau 4 pour les services.

Tableau 3 — Dommages et pertes en divers points d’impac 6\\wg
A\
Point|d’impact 3ource de %\ perte
ommage EQ
/\< x L1 L4**
Structure | 1 S 2 L1 L2 L3. L4
|:| L1%, L2, L4
A . \Uj
Proche d¢ la structure ] é 2 D3 L1*, L2, L4
[ N
[ \/
Service pénétrant d D1 L1.[La™
dans la sfructure S3 D2 L1, L2 L3, L4
D3 L1* _2, L4
/
Proche d’fa serw \\ S4 D3 L1, |2, L4
* Seulemént.,pour des structures avec risque d’explosion et pour les hépitaux ou autres structures analogues

dont la défaittance desTESEaUX METNES Met €M danger & vie umaine.

** Seulement dans le cas de perte d’animaux.

Tableau 4 - Dommages et pertes dans un service selon les points d’impact de la foudre

Point d’impact

Source de dommage

Type de dommage

Type de perte

D2
Sur le service S3

D3
A proximité du service S4 D3

D2
Sur la structure alimentée S1

D3

L2, L4
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Les types de pertes en fonction des types de dommages et risques correspondants sont

donnés a la Figure 1.

Risque Risque Risque Risque
Rq " Ry R31) Ry
Perte Perte Perte Perte de
Type de de vie de service d’héritage valeur
perte humaine public culturel éconoruique
Défaillance * Défaillance g ) “Bdfaillance
Tvpe dd (I?Ies§tljre Dommage || des réseaux [[Dommage| | des réseaux | |Dommag Bles ) Domma deg réseaux
yp o8 Ses physique ||de puissance|| physique | [de puissance| | ph e des étr physigde [|de puissance
dommape vivants bt de commu- bt de commu- viVants let de commu-
nication nication | | rlication
IEC 2061/05
Y Seul¢ment pour les structures.

2)

s mettent

Seul¢ment pour les hépitaux et autres strustures défaillances des réseaux interng

en dgdnger immédiat la vie humaine.
% Seulgment dans le cas de pertes d’animauk.
6 Nég¢
6.1 Nécessité d
Le besdi foudre pour une structure ou un service doit étr¢ évalué
afin de es L1, L2 et L3.
Afin de 9in ou non d’une protection contre la foudre d’'un objet, une éva-
luation faite conformément aux méthodes données dans la CEIl 6
Les typ uivants doivent étre pris en compte en fonction des types d¢ pertes
définis Tn 5.3

R,: risque de perte de vie humaine;

R,: risque de perte de service public;

R4: risque de perte d’héritage culturel.

La protection contre la foudre est nécessaire si le risque R (R4 @ R3) est supérieur au niveau

de risque tolérable Ry

R>Rp

Dans ce cas, des mesures de protection doivent étre appliquées afin de réduire le risque R
(Rq @ R3) a la valeur du risque tolérable Ry.

R<Ry
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Si plus d’'un type de perte peut apparaitre dans une structure ou un service, la condition
R < Ry doit étre satisfaite pour chaque type de perte (L1, L2 et L3).

Les valeurs de risque tolérable Rt aboutissant a la perte de valeurs sociales sont de la
responsabilité des organisations nationales concernées.

NOTE 1 Une autorité compétente peut spécifier le besoin d’'une protection contre la foudre pour des applications
particuliéres sans recourir a une méthode d’évaluation du risque. Dans ce cas, le niveau de protection sera prescrit
par cette autorité. Parfois, une évaluation du risque peut étre une technique de justification de ces exigences.

NOTE 2 Des informations plus complétes sur I'évaluation du risque et sur les méthodes de choix des mesures de
protection sont données dans la CEl 62305-2.

6.2 Besoin economique d’une protection contre la foudre

En complément d’'une protection contre la foudre pour une structure ¢ j i peut étre
utile d’gvaluer les bénéfices économiques des mesures de protecti i odui $a perte
économjique L4.

Dans cg cas, il convient d’évaluer le risque R, de perte de 3 g aluation
du risqye R, permet le calcul du colt des pertes économiyg 3 les mequres de
protectipn.

La protgction contre la foudre est efficace si la
présende des mesures de protection 0
au codtftotal C; des pertes sans mes

des pertes résiduelles en
e protection est inférieure

NOTE Dgs informations plus cg ées dans

la CEI 62805-2.
7 Mesures de pro

Des mepures de
de dommage.

au type

71 :Vl

Les mej

— une|isolationapprypriée des éléments conducteurs exposés;

— une jéquipotentialité par un réseau de terre maillé;

— des restrictions physiques et des panneaux d’avertissement.

NOTE 1 Une liaison équipotentielle n’est pas efficace contre les tensions de contact.

NOTE 2 Une augmentation de la résistivité de surface du sol dans et a I'extérieur de la structure peut réduire le
risque de mort (voir la CEI 62305-3, Article 8).

7.2 Mesures de protection pour réduire les dommages physiques
Les mesures de protection possibles comprennent:

a) pour les structures
— systéme de protection contre la foudre (SPF);
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NOTE 1 Si un SPF est installé, I'équipotentialité est une mesure trés importante pour réduire les risques
d’incendie, d’explosion et de mort. L’équipotentialité est réalisée par des conducteurs ou des parafoudres lorsque
les conducteurs ne sont pas admis. Pour plus d’informations, voir la CEl 62305-3.

NOTE 2 Des dispositions limitant le développement et la propagation d’'un incendie telles que compartiments
étanches, extincteurs, hydratants, installations de détection et d’extinction d’incendie, peuvent réduire les
dommages physiques.

NOTE 3 Des chemins d’évacuation protégés assurent la protection des personnes.
b) pour les services:
— écran

NOTE 4 Pour les cables enterrés, une protection trés efficace est réalisée par des conduits métalliques.

deYpuissance et

7.3 esures de protection pour reduire les defaillances des resea
dle communication

Les megures de protection possibles comprennent:

a) poul les structures

— Un systéme de protection contre I'lEMF comprena S utiliser

deules ou en association:
° mise a la terre et équipotentialités;

o écran magnétique;

o cheminement des réseaux;
¢ parafoudres associés.
b) pour les services

— des parafoudres en le parcours des services|et aux

gxtrémités;

NOTE 1 es efficace est réalisée par des conduits métalliques
d’épaisse

NOTE 2 < des générateurs de puissance indépendants, des
alimentat i e’stockage des fluides, des systémes automatiques de défection de
défauts, € g sction efficaces de réduction des pertes d’activité des services.

NOTE 3 S levée des matériels et des cables est une mesure de protectioh efficace
contre les i

7.4 Choi

Le choi suresyde protection les plus appropriées doit étre fait par le concepteur et le
propriéthire en tenant compte du type et du colt de chaque dommage, des |aspects

technigles’et économiques des diverses mesures de protection

Les critéres pour l'analyse du risque et pour le choix des mesures les plus appropriées sont
donnés dans la CEIl 62305-2.

Les mesures de protection sont efficaces si elles satisfont aux exigences des normes
applicables et sont aptes a résister aux contraintes a 'emplacement dans l'installation.

8 Critére de base pour la protection des structures et des services

Les critéres idéaux pour la protection des structures et des services serait d’enfermer la
structure ou le service dans un écran parfaitement conducteur mis a la terre d’épaisseur
appropriée, et de réaliser la liaison a I’écran des services au point de pénétration dans la
structure.
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Ainsi, il serait possible d’empécher la pénétration du courant de foudre et du champ électro-
magnétique associé dans la structure a protéger afin d'éviter des effets thermiques et
électrodynamiques du courant, ainsi que des étincelles dangereuses et des surtensions pour
les réseaux internes.

En pratique, il est souvent ni possible ni faisable a colt réduit d’obtenir de telles longueurs
assurant une telle protection maximale.

La discontinuité de I'écran et/ou son épaisseur non appropriée permet la pénétration du
courant de foudre entrainant:

- des dommages physiques et des risques de mort;

- des défaillances des réseaux internes;

- des défaillances des services et des réseaux associés.

Les mesgures de protection adoptées pour réduire ces dommageé Bcutives

doivent |étre prises pour le domaine des paramétres du cours re¢latif au
niveau de protection.

8.1 Niveaux de protection contre la foudre (NPF

Pour les is: 1|1, 1l et
IV. Pou maximaux de colirant de

foudre qont définis.

NOTE 1 i > ninimaux et maximaux de courant {le foudre
dépassen 5

NOTE 2 i dQnt les_patametres minimaux et maximaux de gourant de
foudre dépassent ceux du nivea i i

Pour le[Niveau de protecti a waxiniales des paramétres du courant ng¢ seront
pas dégassées, ayec une prapabilite 0. Selon le rapport de polarité (voir Artigle A.2),
les valeurs issu posii es probabilités inférieures a 10 %, celleg issues
des coups négati

Les vald i ¢ i protection | sont réduites de 75 % pour le Nivead Il et de
50% p N inéaires pour I, Q et di/d¢, quadratiques pour WJR). Les

parame

Les val¢ parametres du courant de foudre pour les différents niveaux de
protecti dans le Tableau 5 et sont utilisées pour la conceptlon des
compos ion contre la foudre (par exemple section des conducteurs, épaisseur

des fedilles,de me aI tenue au courant des parafoudres dlstances de séparatjon des
étincelle
foudre sur ces composants (voir Annexe D)

Les valeurs minimales du courant de foudre pour les divers niveaux de protection sont utilisés
pour en déduire le rayon de la sphére fictive (voir Article A.4) afin de définir la zone de
protection contre la foudre ZPF 0g qui ne peut étre atteinte par un coup de foudre direct (voir
8.2 et Figures 2 et 3). Les valeurs minimales des paramétres du courant de foudre associées
au rayon de la sphére fictive sont données dans le Tableau 6. Elles sont utilisées pour
I'emplacement des dispositifs de capture et pour définir la zone de protection ZPF 0g (voir
8.2).
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Tableau 5 — Valeurs maximales des paramétres de foudre
correspondant aux niveaux de protection contre la foudre

Premier choc court

Niveau de protection

Paramétres du courant Symbole Unité | ] 1 v
Courant créte 1 kA 200 150 100
Charge du choc court Oshort C 100 75 50
Energie spécifique W/R MJ/Q 10 5,6 2,5
Paramétres de temps T1/T, uslus 10735

Choc court consécutif Niveau Q’éte{ﬁen\

Paramjétres du courant Symbole Unité | 1l \ \I\I \/ v

Courant|créte 1 kA 50 &QS \ \ \/?5
N

Raideur noyenne di/de KA/us 200 | }5& \) 100
Paramétres de temps T4/Ty us/us ( m \Q> 00

Choc long \’X\// (\Niv}e‘g de protection
Parameéfres du courant Symbole U}CQ | )I ]| v
Charge {lu choc long Otong ﬁc 20\ 150 100
Paramétre de temps Tiong \ g; \ 0,5

E,Kla{\\&/\ )\/ Niveau de protection

Parameétres du co rantK stgu\tgle Uni\fs | ] 11l v

Charge ¢clair <\/ Ofash C 300 225 150
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ZPF 0p

S3

\{
B SPE 0,/1 ’|_
ZPF 1
B
Sy ' 5 S2
— e\
SPF 0a/1 T (\
6] ¢
EC 2062/05

$tructure t sur la structure

Dispositif de capture pact prés de la structure
Conducteurs de descen Impact sur un service connecté a la strycture

Prise de terre Impact prés d’un service connecté a la ptructure

$ervices e@s r Rayon de la sphére fictive
s Distance de séparation pour éviter une

perforation

a A WO N =

\V Niy
O Lia

au moyen d’un parafoudre

de foudre directs. Courant de foudre total

ZPF Op oups de foudre directs. Courant de foudre total
ZPF Og Pas de coups de foudre directs. Courant de foudre partiel ou courant induit
ZPF 1 Pas de coups de foudre directs. Courant de foudre limité ou courant induit

Il faut que la zone protégée dans la ZPF1 respecte la distance de séparation s

Figure 2 — Zones de protection contre la foudre (ZPF) définies par un SPF (CEIl 62305-3)
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p
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S4 SPF 1/2
ZPF 2
ZPF 0g \ SPF
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N

Disp

Servi

o g A W N

Servi

\/ Nivg

O Liaip

ZPF 0,
ZPF 0
ZPF 1
ZPF 2

Conducteur de descente

Prisgl de terre

Strugture (écran du ZPF 1)

sitif de capture

ces entrants (écra
ces conne

IEC

I['faut que les volumes protégés dans les ZPF 1 et ZPF 2 respecte une distance de sécurité d|

P063/05

ture

U X

b plein

atténué

Figure 3 — ZPF définies par les mesures de protection contre 'l[EMF

(CEI 62305-4)
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Tableau 6 — Valeurs minimales des parameétres de foudre et rayon de sphére fictive

associé correspondant aux niveaux de protection

Critére d’interception Niveau de protection
Symbole Unité | 1 11 v
Courant créte minimal 1 kA 3 5 10 16
Rayon sphére fictive r m 20 30 45 60

A partir de la distribution statistique donnée a la Figure A.5, une probabilité moyenne peut
étre définie, les paramétres du courant de foudre étant plus petits que les valeurs maximales

et resp

~V-X TV

nlite AlavAc avin oo vola patniraalas AALfA nﬂllr\

protecti

nt 1
e Cthvemeht 'JIU\J TTC Ve o gqutT—ICTo

bn (voir Tableau 7).

Tableau 7 — Probabilités des limites des paramétres du ¢o M’

VatretHsS—rHRaes uulllllus puUl T gquoucT T‘.: /eau de

quit\dé\l) \Qe\(:tl
Probabilité pour que les paramétres de foudre soient
\ \ m v
Inférieurs|aux valeurs maximales définies dans le Tableau 5 /0*9{ é\ \/0,97 0,97

Supérieuns aux valeurs minimales définies dans le Tableau 6 /9\,799

\Q\Y > 0,91 0,84

Les me$

CEl 623
niveau

protecti
domain

En foncti

ZPF 0,

ZPF 0g

a CEl 62305-4 et|dans la
aine du
sure de

inent les

ificative

3):

gnétique
foudre

zone protégée contre les coups de foudre directs mais ou le risque vient du

ZPF 1

ZPF 2,

NOTE 1

champ électromagnetique total. Les reseaux internes peuvent étre soumis a
des courants de foudre partiels;

zone ou le courant de choc est limité par le partage du courant et par le
parafoudre mis en ceuvre a la frontiére. L’écran spatial peut atténuer le champ
électromagnétique de foudre;

zone ou le courant de choc peut étre encore limité par le partage du courant et
par la mise en ceuvre de parafoudre complémentaire a la frontiére. Un écran
spatial peut atténuer le champ électromagnétique de foudre.

En régle générale, plus la ZPF est de rang élevé, plus les parametres d’environnement électro-

magnétique sont faibles.
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La regle générale de protection est que I'objet (structure, service ou partie) a protéger soit
contenu dans une ZPF dont les caractéristiques électromagnétiques sont compatibles avec la
tenue de I'objet aux contraintes entrainant les dommages a réduire (dommages physiques,
défaillances des réseaux de puissance et de communication dues a des surtensions).

NOTE 2 Pour la plupart des réseaux de puissance et de communication et les matériels, une information sur la
tenue de choc peut étre fournie par le constructeur.

8.3 Protection des structures

8.3.1 Protection contre les dommages physiques et le risque de mort

La structure_a prni‘égnr doit étre ini‘égrén dans la ZPF f)D ou de rang stperieur. Cela est

réalisé par la mise en ceuvre d’un systéeme de protection contre la foudr

Un SPH se compose d’une installation extérieure et d‘une instalfatioh intéi 3ntre la
foudre (voir Figure 2).

Les fong¢tions du SPF extérieur sont

— d’intercepter un coup de foudre direct sur la structure (pa iti capture),

— d’écpuler de maniére slre le courant de foudre v ¥ des conductieurs de
desgente), et

— de lg disperser dans la terre (par

La fonc e—dangereux dans la stru¢ture en
utilisant] ances de séparation, s (assqciées a
I'isolatid g gs éléments conducteurs électriques

internes

Quatre r les reégles de construction, en se|fondant
sur les ¢ 3 Chaque type comprend des régles de
constru arayon de la sphére fictive, largeur de maille | etc.) et
indépen i
Si la régistivité d gxtérieur, et du plancher a l'intérieur de la structyre n‘est
pas suffisampen

pas qui

- a lextéri rugture, isolation des éléments conducteurs, équipotentialité du sol au
moyj : aillé de terre, des panneaux d’avertissement et des resjrictions
phygi

- a lipterieur de la structure, équipotentialité des services au point de pénétration|dans la
structure.

Le SPF doit étre conforme aux exigences de la CEl 62305-3.

8.3.2 Protection contre les défaillances des réseaux internes

La protection contre 'lEMF pour réduire le risque de défaillances des réseaux internes doit
limiter:

- les surtensions dues aux coups de foudre sur la structure en raison du couplage résistif et
inductif;

- les surtensions dues aux coups de foudre a proximité de la structure en raison du
couplage inductif;
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- les surtensions transmises par les lignes connectées a la structure en raison des coups de
foudre sur ou a proximité de ces lignes;

- le champ magnétique a couplage direct avec les réseaux internes.

NOTE Les défaillances des matériels dus aux effets du champ magnétique se couplant directement avec le
matériel sont rares pourvu que les matériels des réseaux soient conformes aux ondes de radio-fréquence émises
et aux essais d’'immunité définis par les normes CEM des produits (voir la CElI 62305-2 et la CEl 62305-4).

Le réseau a protéger doit étre a l'intérieur de la ZPF 1ou de niveau supérieur. Cela est réalisé
par des écrans atténuant les champs magnétiques induits et/ou par un cheminement
approprié des canalisations réduisant les boucles d’induction. La liaison des parties métal-
liques et des réseaux traversant la ZPF doit étre prévue aux frontiéres des ZPF soit par
conducteurs, soit par parafoudres.

Les megures de protection réalisant la ZPF appropriée sont données 5-4.
Une protection efficace contre les surtensions, entrainant d Péseaux
interneg peut aussi étre réalisée par des parafoudres coordon on aun

niveau inférieur a la catégorie de surtension des matériels a
Les parafoudres doivent étre choisis et mis en ceuvre ¢6 ; 62305-4

8.4 Protection des services
Le service a protéger doit étre

- dan$ une ZPF Og ou supérieure po es dommages physiqués. Cela

est [éalisé en choisissant un mode de pqse au lieu d’aérien ou en utiligant des
écrgns a des emplace ies_conformet t aux caractéristiques des lignes ou
en Jaugmentant I'é » a lions >de maniére a assurer la continuité

métallique;
- dan$ une ZPF 1 o ction contre les surtensions entrainant des

défgillances. | 2a)ise cduisagnt le niveau des surtensions induites par des
cables écran \ A s limitant les surtensions.
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Annexe A
(informative)

Parameétres du courant de foudre

A.1 Eclairs a la terre

Deux types essentiels d’éclairs existent:

62305-1 © CEI:2006

- les éfclairs descendants initiés par des précurseurs descendants d
terre] et

— les étlairs ascendants initiés par un précurseur ascendant depufs
le nupge.

Dans d¢s environnements plats et pour des structures pe
apparaigssent essentiellement, tandis que pour des envirorne
structurgs élevées, les éclairs ascendants devienng deminants
augmente avec la hauteur réelle des structures ;
conditions physiques sont modifiées.

Le courgnt de foudre comprend un ou

— les g¢hocs courts de durée inférieure
— les ghocs longs de durée supérieure &

<o

I 50 %

10 %

04

)

Légende

04 origine virtuelle
I courant créte
T, durée du front

T, temps jusqu’a mi-valeur

IEC 2064/05

Figure A.1 — Définitions des parameétres d’un choc court (typiquement 7, <2 ms )
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Qlong
10 % 10 %
T —>
Tlong
IEC 2065/05

Légende

durée

Tlong
Oiong  charge d’'un choc long

Figure A.2 — Définitions des paramétres d
(typiquement 2 ms <Tiong

Une différence complémentaire des coups vient de/eur-polarite

nositiye ou négative) et de

leur emplacement lors de [I'éclair (premier, conségufif, superposé€). Les composantes

possiblgs sont indiquées a la Figure A.3 pour |
les éclajrs ascendants.

Premier coup court

S R

aifs, de@ien ts et a la Figure A.4 pour

T

\y Positif ou négatif

Dsitif ou négdif

Coups courts
consécutifs
T

Négatif Négatif

Figure A.3 — Composantes possibles d’éclairs descendants
(typiques en plaine et sur des structures peu élevées)

T
IEC 2066/05
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+i +i
Coups courts
superposés
Coup court
Coup long
Premier
I coup long
[POSITiT ou negatt T POoSItit ou negatit ]

—i —i

Coups courts
consécutifs

/\ O

Negatif T Q \y)gatif T

Positif ou négaﬁ( T

m

L 2067/05

Figure A.4 — Composantes possibles d’éclairs ascendants
(typiques sur des structures exposées et/ou élevées)

La composante supplémentaire dans un éclair ascendant est le premier coup long avec ou
non jusqu’a une dizaine de coups superposés. Mais, tous les parameétres d’'un coup court
d’éclair ascendant sont inférieurs a ceux d’éclairs descendants. Une charge supérieure d’un
coup long n’est pas confirmée a ce jour. Toutefois, les paramétres de foudre des éclairs
ascendants sont considérés comme couverts par les valeurs maximales des éclairs
descendants. Une évaluation plus précise des parameétres de foudre et leur dépendance vis-
a-vis des hauteurs tant pour les éclairs ascendants que descendants sont a I’étude.
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Parameétres du courant de foudre

Les paramétres du courant de foudre dans la présente norme se fondent sur les résultats du
Conseil International des Grands Réseaux Electriques (CIGRE) donnés dans le Tableau A.1.
Leur distribution statistique peut étre considérée comme une distribution logarithmique

normale. La valeur moyenne correspondante u et la dispersion ¢,

sont données dans le

Tableau A.2 et la fonction de distribution est présentée a la Figure A.5. Sur cette base, la
probabilité d’apparition de toute valeur de chacun des paramétres peut étre déterminée.

Un rapport de polarité de 10 % de coups positifs et de 90 % de coups négatifs est admis. Le
rapport de polarité est fonction de I’environnement. En cas d’absence d’informations locales,

il estre

commande de prendre le rapport donne.

Tableau A.1 — Valeurs des paramétres du courant de fo
(Electra N© 41 ou N© 69%)[3], [4]

i

Valeur fixée Valeurs \ \ \\/ Ligne de
Pargmeétre pour le Typefde-coup la
niveau | 95 % 50 % 5% N gure A.5
1 (kA) 4(98 %) | 20 (80%) | 90 “j\Premiercolxt ndgatif 1A+1B
50 4,9 11,8 | ( 286 | *Cuurt consécptif négatif 2
200 4,6 35 (), \260/ | /Reemie court positif (seul) 3
Ofiash (C) 1,3 75\ |0 40{0) \Ediair pégatif 4
300 20 80 \(350 \ | Eclair positif 5
Ochort (C) 11 T 45 2Q | Premier court négatif 6
022 | (195 4 > | Court consécutif négatif 7
10 /“2\ 16\ \ggﬁ Premier court positif (seul) 8
W/R (kJ/QY) \l 6 55 \ 550 Premier court négatif 9
(%\ o’ 52 Court consécutif négatif 10
m 2550 650 15000 | Premier court positif 11
dildi gy Y% \9{ 24,3 65 | *Premier court négatif 12
(kAlus) \/\ Nghg 39,9 161,5 | *Court consécutif négatif 13
/\ 0 0,3/ 2,4 32 Premier court positif 14
dildrg0/000 kAMSY N[\ \200X 4.1 20,1 98,5 | *Court consécutif négatif 15
Oiong (C) N Long
tiong (8) Q \ 0,5\ Long
Durée du frow 1,8 5,5 18 Premier court négatif
0,22 1.1 4,5 *Court consécutif négatif
3,5 22 200 Premier court positif (seul)
Durée de choc (ps) 30 75 200 Premier court negatit
6,5 32 140 Court consécutif négatif
25 230 2 000 Premier court positif (seul)
Intervalle de temps 7 33 150 Coups négatifs multiples
(ms)
Durée totale éclair 0,15 13 1100 Eclair négatif (tous)
(ms) 31 180 900 | Eclair négatif
(sans simple)
14 85 500 Eclair positif

NOTE Les valeurs 7 =4 kA et I = 20 kA correspondent respectivement aux probabilités de 98 % et de 80 %.
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Tableau A.2 - Distribution logarithmique normale des paramétres

de courant

de foudre —

62305-1 © CEI:2006

Valeurs moyennes U et de dispersion o log calculées pour 95 % et 5 %
a partir de CIGRE (Electra N© 41 ou N©° 69) [3], [4]

Moyenne Dispersion Ligne de la
Parameétre Type de choc Figure A.5
K Olog
I (kA) (61,1) 0,576 *Premier coup négatif (80 %) 1A
33,3 0,263 *Premier coup négatif (80 %) 1B
11,8 0,233 *Négatif court consécutif 2
33,9 0,527 Premier court positif (seul) ( 3
Ottasn (C 7,21 0,452 Eclair négatif AN 4
83,7 0,378 Eclair positif { \ 5
Ochort (C 4,69 0,383 Premier court nég \ N M6
0,938 0,383 Négatif court gapsécutit  NON N/ 7
17,3 0,570 Premier couftpositit(se \ D 8
W/R 57,4 0,596 Premﬂourﬁe\\m\ N 9
5,35 0,600 Négaif curf copsecutift 10
612 844 «&reh}iér/ccl{,lrt poyitit > 11
dildt oy 24,3 19,260 *Prexpief 28Ut négati 12
(kA/us) 40,0 0,3%9 M \0<{nseEﬁT/negat|f 13
2,53 ,670 I;?e\\co t positif 14
di/dt3q/949% 2@/1\ O,\\ZO \'Courtconsécutif négatif 15
Otong (C a0 N| Lony”
o) RENNAN Tong
Durée d{ front (ps<‘ z5,69 { }}QOX\/ Premier court négatif
/\Q\S}Qﬁ\ A 0,3/% Court consécutif négatif
\ 26\,6\ ,534 Premier court positif (seul)
Durée dy choc \ E\K 0,250 Premier court négatif
\ &0 2\/ 0,405 Court consécutif négatif
Q \ 0,578 Premier court positif (seul)
Intervallg de t s\\ \\354 0,405 Négatifs multiples
(ms)
Durée tdtale’éclair 12,8 1,175 Eclair négatif (tous)
(ms) 167 0,445 Eclair négatif (sans simple)
83,7 0,472 Eclair positif
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Toutes les valeurs, fixées pour un niveau de protection, données dans la présente norme se
rapportent tant aux éclairs ascendants que descendants.

NOTE Les valeurs des paramétres de foudre sont généralement obtenues par mesures effectuées sur des objets
de grande hauteur. La distribution statistique des valeurs créte du courant de foudre ne considérant pas les objets
de grande hauteur peuvent étre obtenues par des systémes locaux de détection.

A.3 Détermination des valeurs maximales du courant de foudre pour un
niveau de protection |

Les effets mécaniques de la foudre sont liés a la valeur créte du courant (/) et a I'énergie
spécifique (W/R). Les effets thermiques sont liés a I'énergie spécifique (W/R) lorsqu’un

i on. Des
surtensions et des étincelles dangereuses dues a un couplage inductj ié a'la pente

Chacun
meécanig
d’essaiyg.

chaque
cédures

A.3.1 Premiers coups court et long

Les valg¢urs I, O, W/R liées aux effets mécaniques, e ;rartir de
coups positifs (car 10 % de leurs A es 1%
corresppndant des coups négatifs). 14), les
valeurs [suivantes, avec des probabilitésN

I = 200 kA

Ofash | = 300C

Qshort

W/R

di/d¢

Pour un remiére

T1 =7/
Pour un exponentiel, la formule suivante est applicable pour calcliler une
valeur gppr¢ & ge et d’énergie (7 <<T,):

Qshort
W/R E((1/2)(1/0,7) x I2 x T,

Ces formules associées aux valeurs ci-dessus conduisent a une valeur approchée de durée
jusqu’a mi-valeur:

T, = 350 ps

Pour un coup long, sa charge approchée peut étre calculée par:

Qlong = Qflash - Qshort =200C

Sa durée, conformément a la Figure A.2, peut étre calculée a partir de la durée de I'éclair
comme:

Tiong = 0,58
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A.3.2 Coup court consécutif

La valeur maximale de la pente moyenne di/d¢ liée a des étincelles dangereuses dues a un
couplage inductif est déterminée a partir de coups courts consécutifs d’éclairs négatifs
(car 1 % de leur valeur est nettement supérieur au 1 % des premiers coups négatifs ou leur
10 % correspondant des coups positifs). A partir de la Figure A.5 (lignes 2 et 15), les valeurs
suivantes peuvent étre prises avec des probabilités inférieures a 1 %:

I = b50KA
di/dt = 200 kA/ps

Pour un_coup court consécutif conforme a la Figure A.1, ces valeurs donnent un temps de
montée |approximatif de:

Ty =1/(di/dt) = 0,25 ps

Le temps jusqu’a mi-valeur peut étre estimé a partir des § sécutifs

négatifs}:

T, =100 ps (T, ne présente pas d’intérét).

A.4 Détermination des valeurs mini : u@t defoudre

L’efficad es du courant de foudre et du
rayon ¢ géométriques des zones prptégées
contre | inées par la méthode de lg sphére
fictive.

Selon Ig modele électrogéometri , de Ja sphere fictive r est lié a la valeur gréte du
courant|du premier co . |&Xxappert d’un groupe de travail de I'lEEE [5] la|relation
donnée|est: <>

(A.1)

ou
r est
I estl

Pour une sphere fictive de rayon r, il est supposé que tous les coups de foudre dont Ip valeur
créte esgt supérieure”a la valeur correspondante minimale de 7 seront interceptés jpar des
disposit|/fs.de capture naturels ou dédiés. C’est pourquoi la probabilité de valeurs cfétes de
coups positifs et négatifs des premiers coups donnés a la Figure A.5 (lignes 1A et 3)
correspond a une probabilité d’interception. En tenant compte du rapport de polarité de 10 %
de coups positifs et de 90 % de coups négatifs, la probabilité globale d’interception peut étre
calculée (voir Tableau 7).
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Annexe B
(informative)

Fonctions temporelles du courant de foudre a des fins d’analyse

Les formes d’ondes du courant:

— du premier coup de foudre de courte durée: 10/350 ps

— des coups consécutifs de courte durée: 0,25/100 us

peuven{ étre définies par:

P 0 )

- [exp (~t/ 72) (B.1)
K A+ (] 74)1© £

ou
est |e courant créte;
est |e facteur de correction du courant créte;

t estle temps;
7, congtante du temps de montée;

r, congtante de la queue.

Pour les formes d’ondes de\cou sécutifs
pour divers niveaux de ¢ .1 sont
applicables. Les courb
bleay B\ gtres pour ’Equation B.1
/\& \P\re}'Qr Mp\c\\()uﬁ Coup court consécutif
Paramdtre \ \\in&g Wtion Niveau de protection
\1\ \ \u n-1v | I -1V
I (KA \ \@o\ 150 100 50 37,5 25
K N\ 0,93 0,93 0,993 0,993 1993
7, (U$) 19 19 19 0,454 0,454 454
7, (U$) 485" 485 485 143 143 143
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100 %

90 %

SRS
O

TR TR
IO\ R

IEC 2069/05

Figure B.1 — Forw%‘m%t de montée du premier coup court

509,
A~ ey
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100 %

200 ps

50 % /\(
50 % \L " &N

A N

W%w\
”6 O

) (\ U t ——

IEC 2070/05

$t queue du premier coup court

Figure B.2 - Fo

9
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100 %

90 %

i

// 0,2 ps <\(
50 % \
ik\,
10 % \5
o (N }7

0 /0 ‘ A \)
T4 U t ———

T2
\> IEC 2071/05
o& ontée des coups consécutifs

)/

Figure B.3 — Forn

9
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100 %

50 ps

50 %

50 % /\\
NN

AN
0% (\) /\ ]
)
T2 \_)/ t——-—

IEC 2072/05

Figure B.4 — Fo d’ d c%t de queue des coups consécutifs
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