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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 national electrotechnical committees (IEC National Committees). The object/of is to promote
international co-operation on all questions concerning standardization in the electrical| and ele ronic f|e|ds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; any |
in the subject dealt with may participate in this preparatory work. 2

as “IEC
nterested

Publications is accurate, IEC cannot b
misinterpretation by any end user.

4) In order to promote international uniformit i mittees undertake to apply IEC Publications
transparently to the maximum extent possi 3 and regional publications. Any divergence
between any IEC Publication and the corre gional publication shall be clearly indicated in
the latter.

6) All users should ensure that 2 e_late iti i ication.
7) No liability shall‘h 2 i i exgployees, servants or agents including individual experts and
members of its tetbriica c ittee National Committees for any personal injury, property damage or

éther direct or indirect, or for costs (including legal fees) and
se of, or reliance upon, this IEC Publication or any other IEC

Publications

8) Attention is dra e references cited in this publication. Use of the referenced publications is
indispensable for thegorrect apg ion of this publication

9) Attentidn i Q_the possibility that some of the elements of this IEC Publication may be the subject of
patent rights held responsible for identifying any or all such patent rights

Lightning protection:

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

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 62305 consists of the following parts, under the general title Protectiq t lightning:

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 icati W in unchanged until the
maintenance result date indicated on the ‘ :\ebstore.iec.ch" in the data

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, g
*+ amended.

S

1 To be published Documents
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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
protection 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 criteria for design, installation and maintenance of lightning protection “weasures are
considered in three separate groups:

— the first group concerns protection measures to reduce physical\damas Wd life hazard in
a structure is given in IEC 62305-3,

— the second group concerns protection measures to es efectrical and
electronic systems in a structure is given in IEC 62305-

— the third group concerns protection measures to »
services connected to a structure (mainly electric

QD
\

age and failures of
tion lines) is 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 against
lightning of

— structures including their installations and contents as well as perso

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

— railway systems;
— vehicles, ships, aircraft, offshore installations;

— underground high pressure pipelines;

- pipe, power and telecommunication lines not

The following referenced indi for the application of this document. For
dated references, only, the N Ci splies. undated references, the latest edition of

hazard

IEC 62305 ~ t lightning — Part 4: Electrical and electronic systems within
structur

IEC 62305-5, Protection against lightning — Part 5: Services 2

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 or more
strokes

2 To be published. Documents
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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 electrical 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

about 50 ms
NOTE Events havi@

been reported.

3.8

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 parameter defined as the time interval between the virtd
which the current has decreased to half the peak value (see Kig

e instant at

3.15

flash duration
T

time for which the lightning current flows

3.16
duration of long stroke current

Tlong
time duration during whic
during the increase of the'x
the continuing current (&

3.17 Q
flash charge

Oflash

3.18
short strok

Oshort
time integra ghtnirig current in a short stroke

3.19
long stroke charge

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.
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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 connected to a structure for which protection is required against Al of lightning
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 dangerous

3.27
electrical system

3.28
electronic system

system incorporating
computer, contr i
3.29

internal systems
electrical and

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

3.37
tolerable risk
Ry

maximum value of the risk

Q

3.38

lightning protecti s
LPL

number related to
the associated
occurring lightning

t parameters values relevant to the probability that
design values will not be exceeded in naturally

Ay [)

NOTE Lightnifg
current paran

3.39
protection mea

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

~te

3.45

earth-termination system
part of an external LPS which is intended to conduct and dispe htnIRg cufrent into the
earth

3.46
external conductive parts

extended metal items entering or leayit >cted such as pipe works,

cable metallic 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
protective devices, to redus enti iffs aused by lightning current

3.48

shielding wire g}

metallic wire use i age due to lightning flashes to a service

3.49

LEMP prote sU tem

LPMS

completg ion measures for internal systems against LEMP

3.50

magnetic 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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3.53

rated impulse withstand voltage

UW

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

conventional earthing impedance
ratio of the peak values of the earth-termination voltage and the earth:
which, in general, do not occur simultaneously

ination current

4 Lightning current parameters

components are given in Annex D.

Information on surges due to lightning

5 Damage due to

51 Damage !@

The main characteristics of structures relevant to lightning effects include:

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

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

— occupants and contents (persons and animals, presence of combustible or 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. Documents
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— connected services (power lines, telecommunication lines, pipelines);

— existing or provided protection measures (e.g. protection measures to reduce physical
damage and life hazard, protection measures to reduce failure of internal systems);

— 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

according to Effects of lightning

function and/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
computers, modems, telephones, etc.)

d (e.g. TV sets,

Farm building Primary risk of fire and hazardous step vplta as aterial damage

Secondary risk due to loss of electri haz d to livestock due to failure of
electronic control of veWon a od uppl S ste s, €

Theatre, Damage to the electricaNinstaNati \g. eleciric lightinhg) likely to cause panic

Hotel, Failure of fire alarms res gin

School

fighting measures

Department store

Sports area

Bank bo Blu prob ma\resu M loss of communication, failure of computers and loss
d a
Insurance company

Commercial
company, etc.

Hospital

. Ie
Nursing home &
Prison
Industry \ itional effects depending on the contents of factories, ranging from minor to unacceptable

damageand loss of production

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

Museums and @ of irreplaceable cultural heritage
archeological sites
Church

Telecommunications | Unacceptable loss of services to the public

Power plants

Firework factory Consequences of fire and explosion to the plant and its surroundings

Munition works

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

) environment
Refinery

Nuclear plant

Biochemical
laboratories and
plants
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5.1.2 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:

— immediate mechanical damage, fire and/or explosion due to the hotli ing. plasma arc
itself, due to the current resulting in ohmic heating of conductors e xaductors),
or due to the charge resulting in arc erosion (melted metal);

— injury to people by step and touch voltages resulting frof
— failure or malfunction of internal systems due to L

Flashes near the structure can cause:

— failure or malfunction of internal s

— failure or ma tior
and transmitt

IEC 61000-4-5 [2N
NOTE 2 Only the sparks €arrying lightning current (total or partial) are regarded as able to trigger fire.

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

As 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 type and

The scale of this extension depends on the characteristics of the sepy
* e lightning

extension of the electrical and electronic systems and on the chara
flash.

5.2.1 Effects of lightning on a service

— existing or provided protection mea
storage systems, generating sets,

tning on typical services

/\ abl

Type of;‘e{@x{é\ Effects of lightning
Telecommunication 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 the cable

/\ . but without loss of service

Power lines \ \\) Damages to insulators of low voltage overhead line, puncturing of

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 to 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:

— immediate mechanical damage of metallic wires or piping due to electrodyna

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

— immediate electrical damage of lines (breakdown of {nsutatign)
equipment;

— D2: physical dam

thermal effec fli
— D3: failure of i

For the purposes of this standard the following types of loss are considered:

- L1: loss of 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

Point of strike Source of pe of loss
damage
/\< Q L1 L4"
Structure — — L1, L2, L3, L4
|:| L1%, L2, L4
re /\<> O y

pa

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

< o L1, L4™
Service connected to
the structure S3 D2 L1, L2, L3, L4
D3
N / L1*, L2, L4
AN
N
NN

Near a servic S4 D3 L1, L2, L4

INA

*

Only for structures with risk of explosion and for hospitals or other structures where failure of internal systems
immediately endangers human life.

*k

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 onomic
loss life the public heritage /R%NQS
, Failure 2 of Failure of - \g) Failure of
Injury of . ; . ) . In of . :
Type of iivi Physical || electrical Physical electrical Physical i Physica electrical
damage ving damage and damage and da e ings damage and
beings electronic electronic 9 electronic
systems systems systems

N
\> IEC 2061/05

s immediately endanger human life.

R Only for structures.
2) Only for hospitals or other structures where Yailure
3) Only for properties where animals may be lost.

6 Need and econo

6.1 Need for @n'

ar/or not lightning protection of an object is needed, a risk
W|th the procedures contamed in IEC 62305-2 shall be made The

— Ry: risk 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 Economic convenience of lightning protection

risk R4 allows the evaluation of the cost of the eco
protection measures.

NOTE Detailed information o
IEC 62305-2.

— adequate insulatigh of exposed conductive parts;

— equipotentialization by means of a meshed earthing system;

— physical restrictions and warning notices.

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 structures

— LEMP protection measures system (LPMS) consisting of th QWing. me es to be
used alone or in combination:

» earthing and bonding measures;

* magnetic shielding;

* line routing;

e  “coordinated SPD protection” .

b) for services

— surge protective devices (SPDS§
the line termination;

— magnetic shields of cables.

NOTE 1 For buried cables, ver
thickness.

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

NOTE 3 An increas Wthsp
against failure due toqQyerye

The selectio be protection measures shall be made by the designer and the
d the amount of each kind of damage, and according to the

The criteria for risk asgessment and for selection of the most suitable protection measures are

given in IEC 62305-27

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

— failure of internal systems

— failure of the service and of the connected systems.

Protection measures, adopted to reduce such damages and relevag
be designed for the defined set of lightning current paramete
required (lightning protection level).

8.1 Lightning protection levels (LPL)

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

NOTE 1 Protection against lightning whose

The maximum 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 negative

The maximum va 3 ] parameters relevant to LPL | are reduced to 75 % for
LPL Il and to 50 % f&r LF ipéar for I, Q and di/d¢, but quadratic for W/R). The time

The maximu current parameters for the different lightning protection levels
are give are used to design lightning protection components (e.g. cross-section
of condue wess of metal sheets, current capability of SPDs, separation distance
against dangs Rarkinig) and to define test parameters simulating the effects of lightning

on such compo see Annex D).

The minimum values of lightning current amplitude for the different LPL are used to derive the
rolling sphere radius (see Clause A.4) in order to define the lightning protection zone LPZ 0g
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
Current parameters Symbol Unit | ] /j'ﬂ\ | v
Peak current 1 kA 50 37,5 \\ ~ \{5
Average steepness di/d¢ kA/us 200 15(\ \ 10

Time parameters T4/Ty us/us N5N68\
Long stroke \ \kL\ \/

Current parameters Symbol Unit | < \ \ \JII | v
Long stroke charge Qiong c /206 150" 100

Time parameter Tiong

Flash \ X\/

=~
Current parameters Symbol U\mt\\ \ | \ ) ] 1 v

a
O
4

Flash charge Ortash c 300 225 150
& /\E QN
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LPZ 0

\

SPD 0p/1
LPZ 1

)

AN

A}

IEC 2062/05
as he structure
ash near to the structure

1 Structure

2 Air terminatip

3 Down copdus Flash to a service connected to the structure

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

s Separation distance against dangerous sparking

Rirect flash, full lightning current

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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N~ g/
TR (s

LPZ 1

S SPD 172
LPZ 0g \

Structure (shield of LPZ 1) g structure

Air termination system Flash near to the structure

Down conductor syste Flash to a service connected to the structure

Earth terminati:@e ash near a service connected to the structure

Room (shield of L Rolling sphere radius

4
Services connecigd\to uct dg Safety distance against too high magnetic field

LPZ 0

SPD 0g /1

{
SPD 0p/1

IEC 2063/05

-

D b~ 0N

v Groundlevel

(O Lighitning &

guifetential bonding by means SPD

LPZ Oy ing current, full magnetic field

LPZ Og lash, yartial lightning or induced current, full magnetic field

LPZ 1 No direct flash, limited lightning or induced current, damped magnetic field
LPZ 2 No direct flash, induced currents, further damped magnetic field

Protected volumes inside LPZ 1 and LPZ 2 must respect safety distances 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 than the minimum values defined for each protection level (see Tabfe

Table 7 — Probabilities for the limits of the lightning cur pa@et\er

AN
N L\ v
\0}3\2\ @97 0,97
097 0,91 0,84

Probability that lightning current parameters

Are smaller than the maximum values defined in Table 5

Are greater than the minimum values defined in Table 6

LPZ downstream
than that upstream a

LPZ Og
lightning electromagnetic field. The internal systems may be subjected to partial
lightning surge currents;

LPZ 1 zone where the surge current is limited by current sharing and by SPDs at the
boundary. Spatial shielding may attenuate the lightning electromagnetic field;

LPZ 2,...,n 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

either equipotential bonding or a seps
between the LPS components and
structure.

— outside the str 9 of the exposed conductive parts, by equipotentialization
of the SQ meshed earthing system, by warning notice and by physical

structure:

LPS shall 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).

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

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 service to be protected shall be

— inside an LPZ 0g or higher to reduee

— inside an LPZ 1 or Wi
This is achieved b

adequate magfetic hieId| of Cs
means of ad e SPDs.
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Annex A
(informative)

Parameters of lightning current

A.1 Lightning flashes to earth

Two basic types of flashes exist:

— downward flashes initiated by a downward leader from cloud to earth;
— upward flashes initiated by an upward leader from an earthed strue

and/or higher structures upward flashes become domina it ! eight, the
probability of a direct strike to the structure increases (s €

— short strokes with duration less tha ms (Pig

— long strokes with duration longer than 2

90 %

109 >
AN

2N\
i T, T

IEC 2064/05

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

First short stroke|

9

AN

Positive or negative

Subsequent
short strokes
T

Negative T
IEC 2066/05

Long stroke

N/ T Positive or negative T

Negative

Figure A.3 — Possible components of downward flashes
(typical in flat territory and to lower structures)
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+i +i
Superimposed
short strokes
Short stroke
Long stroke
First
—— long stroke
Positive or negative T Positive or negative T
-1 -1
Subsequent

short strokes

AL

+i
!
1'“ ' |‘|
| '\ Singlefong stroke
1

N

Posi oﬁega ve T IEC 2067/05

Nevative / T

Figure A.4 — Possible components of upward flashes
(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

(Electra No. 41 or No. 69*) [3], [4]

en from CIGRE

Full document details: IEC 62305-12006

Parameter Fixed values Values \I‘y ed ﬁ\&\/ .Line in
for LPL | 95 % 50 % 5 9 < ’\ Figure A.5
1 (kA) 4(98 %) | 20(80 %) | 90— *Ficst negative Shost” 1A+1B
50 4,9 11,8 | /286~ | “Subsdguent nggative short 2
200 4,6 35\ \250 / | Firstpositive’short (single) 3
Ofiash (C) 1,3 75\ | ) 40 [ |(Nggativerriash 4
300 20 80\ | \ 350\ | Posifive flash 5
Oshort (C) 1,1 AN 4,\5\ \XQ “First negative short 6
0,22 ( KQQS 4 \ Subsequent negative short 7
100 2 \| \16\ | \15¢” | First positive short (single) 8
W/R (kJ/Q) 6 55— \\/‘3’50 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) \\Q/Q 39,9 161,56 *Subsequent negative short 13
/\ 0 0,2> 2,4 32 First positive short 14
dildtz0/90 9 00 et 20,1 98,5 | *Subsequent negative short 15
(kA/ps) (\
Oiong (C) \ \\\\800\ Long
fong )N SN\ ) 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]

Parameter Mean Dispersion Stroke tvbe .Line in
y7, O jog yp 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
Ontach (C) 7,21 0,452 Negative flash ([
83,7 0,378 Positive flash REEeX
Ourort (C) 4,69 0,383 First negative short <\ N D
0,938 0,383 Subsequent negativg/shxk >\
17,3 0,570 First positive SDQ’N\(s\l\gle)\\\ \ N
WIR (kJIQ) 57,4 0,596 First negatiVe.shor \ N > 9
5,35 0,600 Subse(yént neg}N{w \ 10
612 0,844 /F\irL\t péiy]ve,\shc}t\ 11
((jll(/:/t;g; 24,3 0,260 _/\CFirst nedative .éjwo‘r\t > 12
40,0 0,369 ubsequent hegative/short 13
2,53 0,670 CFirst pusitive short 14
dildtz0/00 o 20,1 0,420 :Sub Wegative short 15
BN
Oong (©) |, 200 N — Long
tiong (5) I \5\5/\ \ ~—7 Long
Front dur ,69 ,30)\ ) First negative short
(ks) ) 0,3 Subsequent negative short
/\ 26 0,53 First positive short (single)
Stroke rati\x 5 \0"-21)/0 First negative short
s) 0,2 0,405 Subsequent negative short
<\ \\ 2 0,578 First positive short (single)
Tiwgri\al \e2/4 0,405 Multiple negative strokes
(ms
Total flash 12,8 1,175 Negative flash (all)
duration (ms) 167 0,445 Negative flash (without single)
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
steepness (di/d¢) of the lightning current front.

Each of the single parameters (7, O, W/R, di/dt) tend to dominate eagh\f
shall be taken into account in establishing test procedures.

A.3.1 First short stroke and long stroke

The values of I, QO and W/R related to mechanical and
positive flashes (because their 10 % values are
values of the negative flashes). From Figure A.5 (ling
with probabilities below 10 % can be taken:

1 = 200 kA
Ofiash = 300C
Qshort = 100C
W/R = 10 MJ/Q
di/dt 20 kA/us

For a first short stroke
front time:

Ty = 1/ (dildr) = 104

W/R

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

T, =350 us

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

Qlong = Oflash™ 9short = 200 C

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

Tlong = 0,5 S
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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 front time of:

T, = I/ (di/dt) = 0,25 ps

Its time to half value may be estimated from the stroke duratio
strokes:

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

A.4  Fixing the minimum lightning curre

and on the related rolling sphere radi
protected against direct lightning flashe

correlated with the peak “walue F stfoke current. In an IEEE working group

(A.1)
where
r is the rolling sphexe xa
I is the pe
For a gixen here adlus r it can be assumed that all flashes with peak values h|gher

than the co v
terminations. Therefoxe, the probability for the peak values of negative and positive first

into account the polarity ratio of 10 % positive and 90 % negative flashes, the total interception
probability can be calculated (see Table 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 ys

may be defined as:

10
j=d g (W) 10
k 1+(t/z-1)

exp (=/ 1) (B.1)

where

I is the peak current;
k is the correction factor for the peak current;
t is the time;

r, is the front time constant;

T, is the tail time constant.

For the current wavesha

ters for Equation B.1

/\\ Fi§\sh\o‘r(§®ke Subsequent short stroke
Parameters \ \ \T_\RL/ LPL

\i\ \ >II Hi-1v | 1l Hi-1v
I(k&/\ OO\ \ 150 100 50 37,5 25
k

"N\ 003 0,93 0,93 0,093 0,993 0,093

7y (us) 19) 19 19 0,454 0,454 0,454

% (us) 485 485 485 143 143 143
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IEC 2069/05
Figure B.1 - shape of\the currentrise of the first short stroke
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