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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 24: Lightning protection

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0 is to promote

this end and in addition to other activities, IEC publishes International Standard

Technical Reports, Publicly Available Specifications (PAS) and Guides ( “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any K terested
in the subject dealt with may participate in this preparatory work. { and non-

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

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

4) In order to promote international uniformity i € i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre i
the latter.

6) All users should
7) No liability shall

International Standa
turbines.

rd’IEC 61400-24 has been prepared by IEC technical committee 88: Wind

This first edition replaces IEC/TR 61400-24, published in 2002. It constitutes a technical
revision. It is restructured with a main normative part, while informative information is placed
in annexes.

The text of this standard is based on the following documents:

FDIS Report on voting
88/366/FDIS 88/369/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 in accordance with the ISO/IEC Directives, Part PDocuments
Document Sharing Hub
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A list of all parts of the IEC 61400 series, under the general title: Wind turbines, can be found
on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.
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WIND TURBINES -

Part 24: Lightning protection

1 Scope

This International Standard applies to lightning protection of wind turbine generators and wind
power systems.

blades, other structural components and electrical and ‘ (ste against both direct
and indirect effects of lightning. Test methods to validate compliance are recommended.

Guidance on the use of applicable i i ateciion,\ industrial electrical and EMC
standards including earthing is providgd

IEC 60060-1
requirements

IEC 60068 (a vironmental testing

IEC 60071 (all parts), Insulation Co-ordination

IEC 60071-2:1996, Insulation Co-ordination — Part 2: Application guide

IEC 60099-4, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60099-5, Surge arresters — Part 5: Selection and application recommendations

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60204-11, Safety of machinery — Electrical equipment of machines - Part 11:
Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not

exceeding 36 kV
Documents
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IEC 60243-1, Electrical strength of insulating materials — Test methods — Part 1. Tests at
power frequencies

IEC 60243-3, Electric strength of solid insulating materials — Test methods — Part 3:
Additional requirements for 1,2/50us impulse tests

IEC 60364-4-44, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances

IEC 60364-5-53:2001, Electrical installations of buildings — Part 5-53: Selection and erection
of electrical equipment — Isolation, switching and control
Amendment 1(2002)1)

IEC 60464-2, Varnishes used for electrical insulation — Part 2: Methoqg

IEC 60664-1, Insulation coordination
Principles, requirements and tests

IEC/TS 61400-23,
rotor blades

IEC 61643-12\Low-voltage surge protective devices — Part 12: Surge protective devices
connected to low~wQltage power distribution systems — Selection and application principles

IEC 61643-21, Low voltage surge protective devices — Part 21: Surge protective devices
connected to telecommunications and signalling networks — Performance requirements and
testing methods

IEC 61643-22, Low-voltage surge protective devices — Part 22: Surge protective devices
connected to telecommunications and signalling networks — Selection and application
principles

IEC 62153-4-3, Metallic communication cable test methods — Part 4-3: Electromagnetic
compatibility (EMC) — Surface transfer impedance — Triaxial method

IEC 62305-1:2006, Protection against lightning — Part 1: General principles

1) There exists a consolidated edition 3.1 (2002) that comprises IEC 60364-5-53 (2001) ant its
(2002). ﬁﬁ@ﬁi’ﬁents

Document Sharing Hub

Full document details: IEC 61400-24 2010


http://avadocuments2026.com/doc/iec-61400-24-2010
http://avadocuments2026.com/doc/iec-61400-24-2010

-12 - 61400-24 © IEC:2010(E)
IEC 62305-2:2006, Protection against lightning — Part 2: Risk management

IEC 62305-3:2006, Protection against lightning — Part 3: Physical damage to structures and
life hazard

IEC 62305-4:2006, Protection against lightning — Part 4: Electrical and electronic systems
within structures

EN 50164-1, Lightning Protection Components (LPC) — Part 1. Requirements for connection
components

CLC HD 637 S1, Power installations exceeding 1kV A.C.

ITU-T K.2, Resistibility of telecommunication equipment installed }
centre to overvoltages and overcurrents

overvoltages and overcurrents

ITU-T K.46, Protection of telecommunication lines mmetric conductors

against lightning-induced surges

3 Terms and definitions
For the purposes of this document, the/following\{e d definitions apply.

31
air-termination syste

wires intended to f terceptlighthing
3.2

NOTE It is expkessed b Al
this intervat, divided by thetime

interval At =1, — ¢, (see Figure A.3).

3.3
bonding bar
bar on which metalinstallations, electric power lines, telecommunication lines and other
cables can be bonded to an LPS

3.4

collection area

Ag

for a structure, area of ground surface which has the same annual frequency of direct
lightning flashes as the structure

3.5

connecting leader

lightning leader developing from a structure as a response to an external electric field
imposed either by a charged cloud overhead or by a downward leader approaching the
structure

Documents
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3.6

conventional earthing impedance

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

3.7

coordinated SPD protection

set of SPD properly selected, coordinated and installed to reduce failures of electrical and
electronic systems

NOTE Coordination of SPD protection must include the connecting circuits to provide insulation coordination of
complete systems.

3.8

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

OR system

3.9
downward flash
lightning flash initiated by a downward leader from cloud

NOTE A downward flash consists of a first short stroke, which can be followed by sequent short strokes and
may include a long stroke.

3.10
earth electrode

part or a group of parts of the ear tem which provides direct electrical

h

3.11
earth-termination sy

part of an externg| LP
earth

3.12
effective height
H

for a wind tu

3.13
external ligh
part of the LPS cqQnsisting of an air-termination system, a down-conductor system and an
earth-termination system

NOTE The down conductor is often placed inside wind turbine blades.

3.14
flash charge

Ofiash
time integral of the lightning current for the entire lightning flash duration

3.15

foundation earth electrode

reinforcement steel of foundation or additional conductor embedded in the concrete
foundation of a structure and used as an earth electrode
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3.16
ground flash density
N,
g
the number of lightning flashes per square kilometre per year in the region where the
structure is located

3.17

internal lightning protection system

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

NOTE Compliance with the separation distance and the reduction of the electromagnetic effects of lightning
current within the structure to be protected may be considered as parts of an internal lightning protection system.

3.18
interception efficiency

3.19

leader connection point
place in the air gap between test object and HV electrod
meet and the discharge is initiated

3.20

LEMP protection measures system
LPMS

complete system of protection measures

temsagainst LEMP

3.21

lightning current

i

current flowing at the g

3.22 Q

lightning electro
LEMP

NOTE Iti
3.23
lightning equipotential bonding

bonding to LPS of s€parated metallic parts by direct conductive connections or via surge
protective devices to reduce potential differences caused by lightning current

3.24
lightning flash to a structure
lightning flash striking a structure to be protected

3.25

lightning flash to earth

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

NOTE A negative flash lowers negative charge from the thundercloud to the earth. A positive flash results in
positive charge being transferred from the thundercloud to the earth.
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3.26

lightning protection level

LPL

number related to a set of lightning current parameter values relevant to the probability that
the associated maximum and minimum design values will not be exceeded in naturally
occurring lightning

NOTE Lightning protection level is used to design protection measures according to the relevant set of lightning
current parameters.

3.27

lightning protection system

LPS

complete system used to reduce physical damage due to lightning flashe siructure

NOTE It consists of both external and internal lightning protection systems.

3.28
lightning protection zone
LPZ
zone where the lightning electromagnetic environment is de

NOTE The zone boundaries of an LPZ are not necessarily phygical boyndanes (exg. walts, floor and ceiling).

3.29
lightning stroke
single discharge in a lightning flash to ea

3.30
long stroke

part of the lightning flash Which dorrespotr

3.31
magnetic shield
closed, metallic,
part of it, used

metal installations
metal items in the stfucture, which may form a path for lightning current, such as the nacelle
bed plate, elevator guide rails and wires, ladders, platforms and interconnected reinforcing
steel

3.33
multiple strokes
lightning flash consisting on average of 3 or 4 strokes

The typical time interval between the strokes is about 50 ms.

NOTE Events having up to a few dozen strokes with intervals between them ranging from 10 ms to 250 ms have
been reported.
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3.34

natural component of LPS

conductive component installed not specifically for lightning protection which can be used in
addition to the LPS or in some cases could provide the function of one or more parts of the
LPS

NOTE Examples of the use of this term include:
— natural air termination;
— natural down conductor;

— natural earthing electrode.

3.35

number of dangerous events due to flashes to a structure
Ny

expected average annual number of dangerous events due to lightnj

3.36

peak value

1

maximum value of the lightning current

3.37
point of strike
point where a lightning flash strikes the eart

service line, tree, etc.)
OQ' of sth

NOTE A lightning flash may have more than ohe p

3.38
receptor
a form of air terminatiq

blade surface CO@t

3.39
risk
R

value of probable a al loss (humans and goods) due to lightning, relative to the
total value (ht

3.40
separation dista
distance betweentwg/conductive parts at which no dangerous sparking can occur

3.41
service line
power line or telecommunication line connected to the structure to be protected

3.42
short stroke
part of the lightning flash which corresponds to an impulse current

NOTE This current has a time to half value T, typically less than 2 ms (see Figure A.3).

3.43

SPD tested with I,

SPDs which withstand the partial lightning current with a typical waveform 10/350 us require a
corresponding impulse test current Timp

IEC 616Q—chments

NOTE For power lines, a suitable test current Iimp is defined in the Class | test procedure i
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3.44

SPD tested with I,

SPDs which withstand induced surge currents with a typical waveform 8/20 us require a
corresponding impulse test current /

NOTE For power lines, a suitable test current 7 is defined in the Class Il test procedure of IEC 61643-1.

3.45

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.

3.46
surge

NOTE 1 Surges caused by LEMP can arise from (partial) lightning currents, in installation

loops and as residual surges downstream of SPD.

NOTE 2 Surges may arise from other sources such as switching gpera

3.47
surge protective device
SPD
device intended to limit transient overvoltage

It contains at least one non-linear com

3.48
thunderstorm days
Ty

number of thundeftor

3.49
tolerable risk R
maximum value o

3.50
upwardd
lightning fl

NOTE An upward flash~gbnsists of a first long stroke with or without multiple superimposed short strokes. One or
more short strokes may be followed by a long stroke.

3.51

voltage protection level

Up

parameter that characterises the performance of the SPD in limiting the voltage across its
terminals, which is selected from a list of preferred values

This value shall be greater than the highest value of the measured limiting voltages.
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4 Symbols and units

Ag Collection area of lightning flashes to an isolated structure
4, Collection area of lightning flashes to a service line

A, Collection area of lightning flashes near a service line
Am Area of influence for lightning flashes near a structure
cs Latent heat of melting

¢t Total value of structure in currency

cw Thermal capacity

C Mean value of possible loss

Ce Environmental factor

Cq Location factor

Cy Correction factor for a HV/LV transformer on the service i
D1 Injury to living beings

D2 Physical damage

D3 Failure of electrical and electronic systems

h, Factor increasing the loss when a special hazard is

i Current

1 Peak current

1, Nominal test current; discharge current

I Current in cable shield

Limp Impulse test current

di/d¢ Time derivative of currery

di/dt 39,990, Current steepness betwee

Lp Loss related to injury to livi

Lg

Le

Ly

Ly

Ly

Ly

Lg

LO

Ly

LX

Ly e of internal systems (lightning flashes near a service line)

L1 in a structure

L2 vice to the public in a structure

L3 ass of sultdral heritage in a structure

L4 Loss~af economic value in a structure

np Number of possible endangered persons (victims)

ny Exposed total number of persons present in structure

Np Number of dangerous events due to lightning flashes to a structure per annum

Ny Number of dangerous events for component x per annum

Ny Number of lightning flashes to a structure per annum

Num Number of lightning flashes near a structure per annum

N Number of lightning flashes to a service line per annum

N, Number of lightning flashes near a service line per annum

Ny x Number of lightning flashes to a structure at the "x” end of a service line per
annum

Ng Ground flash density per annum

Py Probability that lightning flashes to structure will cause shock to living beings

Pg Probability that lightning flashes to a structure will cause physical damage

P Probability of failure of internal systems caused by lightning flashes to the
structure
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P p Probability that lightning flashes to a service line will cause failure of internal
systems

P Probability that lightning flashes near a service line will cause failure of internal
systems

Py Probability that lightning flashes near a structure will cause failure of internal
systems

Pspp Probability failure of internal systems given that SPD protection is applied

Py Probability that lightning flashes to a service line will cause injury to living beings

Py Probability that lightning flashes to a service line will cause physical damage

Py Probability that lightning flashes to a service line will cause failure of internal
systems

Py Probability of damage for a structure x

Py Probability that lightning flashes near a service line will
systems

s Reduction factor associated with the type of surface sdj|

T Factor reducing the loss due to physical damage d

" Factor reducing the loss due to physical damage ¢

ry Factor reducing the loss of human life depending

R Risk

R Rolling sphere radius

Rg Cable shield resistance per unit length

Ry Tolerable risk

R, Risk component x

S Spacing between earth rods

lo Time in hours per annum ip- s.are present in a dangerous place

torT Time

At Time interval

ty Time paraméter

Ylong Time durgti

Temperature coefficient of the resistance (1/K)

4 Material density

Ho Permeability of air (vacuum)

0] Magnetic flux

Yo, Resistivity

Po Specific ohmic resistance at ambient temperature
) Temperature

Ch) Start temperature

Og Melting temperature

o, Ambient temperature

A Ampere

kA Kiloampere

C Coulomb

°C degrees Celsius

H Henry

K Kelvin Documents
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S Siemens

G Gram

kg Kilogram
MJ Megajoule
um Micrometre
mm Millimetre
cm Centimetre
m Metre

km Kilometre
ms Millisecond
Q Ohm

S Second

us Microsecond
\% Volt

Wb Weber

5 Abbreviations

LPS Lightning protection system
LPL Lightning protection level
LPZ Lightning protection zone
LEMP Lightning electromagpmetic impy
LPMS

SEMP Switching electromag

SPD Surge protective devjce

PE

OCPD

QA

GFRP

CFRP

CFC

in IEC 62305-1.

An informative discussion of the lightning phenomenon in relation to wind turbines is included
in Annex A.

6.2 Lightning current parameters and lightning protection levels (LPL)

In IEC 62305-1, four lightning protection levels (I to 1V) are introduced. For each LPL, a set of
maximum and minimum lightning current parameters is fixed.

The maximum values of lightning current parameters relevant to LPL | will not be exceeded
with a probability of 99 %. The maximum values of lightning current parameters relevant to
LPL | are reduced to 75 % for LPL Il and to 50 % for LPL Ill and IV (linear for /, O and di/d¢,
but quadratic for W/R). The time parameters are unchanged.
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Table 1 — Maximum values of lightning parameters according to LPL
(Table 5 in IEC 62305-1)

First short positive stroke LPL

Current parameters Symbol Unit | 1l ]| 1\
Peak current 1 kA 200 150 100
Short stroke charge Ochort C 100 75 50
Specific energy W/R MJ/Q 10 5,6 2,5
Time parameters T,/T, us / us 10/350

First short negative stroke @ LPL/\
Peak current 1 kA 100 75 \& - 50
Average steepness di/dt kA/us 100 75/\ \ 5})\
Time parameters T,/T, us / us 1/>‘Q0 \/
Subsequent short stroke \ \H’L\ \)

Current parameters Symbol Unit | < \Q \ NII | v
Peak current I KA /5(\ 37, 25
Average steepness di/d¢ kAlus n (20(3(7 150 100
Time parameters T,/T, /\*{S / us \ X\// \\ 30,25 /100

Long stroke \ \ \ \ )\/ LPL

Current parameters Symbol nit \t\ 1l ]| 1\
Long stroke charge QIong & Q\ \Q0> 150 100
Time parameter (\R@g/\ \ s\) N > 0,5

Flash \ Y\ ) LPL

Current paramet;{s L \%\t\ol Urh\\ | 1l ]| 1\
Flash charge Q > Q& s 300 225 150
@ The use of this wave %a;%\\c{hai \&uyy\}&@szanons and not testing.

rrent parameters for the different lightning protection
re used to design lightning protection components (e.g. cross
ngss of metal sheets, current loading capability of SPDs,

levels are gi
section of

NOTE For wind turbi aced in certain geographical areas where they are exposed to high numbers of upward
lightning particularly during winter, it may be relevant to increase the required durability of air termination systems
(e.g. receptors) with regard to flash charge to more than lightning protection level I, O = 300 C, as this
parameter decides the wear (melting) of materials and therefore influences the need for maintenance of air
termination systems.

The minimum values of lightning current amplitude for the different LPLs are used to derive
the rolling sphere radius in order to define the lightning protection zone LPZ 0g, which is not
exposed to lightning attachment. The minimum values of lightning current parameters
together with the related rolling sphere radius are given in Table 2. They are used for
positioning of the air termination system and to define the lightning protection zone LPZ 0Og

Documents

Document Sharing Hub

Full document details: IEC 61400-24 2010


http://avadocuments2026.com/doc/iec-61400-24-2010
http://avadocuments2026.com/doc/iec-61400-24-2010

61400-24 © IEC:2010(E)

Table 2 — Minimum values of lightning parameters and related rolling sphere radius

corresponding to LPL (Table 6 in IEC 62305-1)

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

7 Lightning exposure assessment

7.1 General

Wind turbines are tall structures and are often placed in such g
exposed to lightning. It has long been recognised that wind turbies\g

are exposed to hazards from step/touck
flash.

human safety is involved. If the risk is
for further protection may be based on a

system against thico
It is the responsibility

A representative ya
or permanent inj

lighting
local topogra .. the“local level of lightning activity. Risks associated with lightning can
accordance with IEC 62305-2. However, as the procedures described
therein are quite etaborate, guidance is given here on how to make a simple lightning
exposure assessment for individual wind turbines, and how to extend it to groups of wind

turbines and wind farms.

Information about local lightning conditions should be collected whenever possible (for
example at high latitudes where winter lightning may pose a special threat).

As a word of caution, it should be mentioned that such a risk assessment will never be more
accurate than the information entered into the calculation, and furthermore, because the
assessment is probabilistic, because lightning occurrence information is statistical averages,
and because the lightning event in itself is stochastic in nature, the user should not expect
very accurate short-term prediction of the number of lightning events for individual wind
turbines or wind farms. However, a risk assessment does make it possible to evaluate the risk
reduction achieved by applying lightning protection and will allow for example for comparison
of risks for different wind turbine projects. Further details are provided in Annex B.
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7.2 Assessing the frequency of lightning affecting a wind turbine

The first stage in the lightning risk analysis is the estimation of the frequency of lightning
flashes to the wind turbine. IEC 62305-2 gives guidance on how this number can be
estimated. When assessing the frequency of lightning flashes to a structure, the collection of
data detailing the local ground flash density (V) is necessary. National organisations such as
weather bureaus are likely to be able to provide this information. If the ground flash density is
not available, it may be estimated using the following relationship:

N, =0,1-T, (1)
where
Ng [km—2-year—1] is the annual average ground flash density;
T4 [year-1] is the number of thunder storm days per year{obtained ¥from_isokeraunic

maps (typically available from the national

The average annual number of dangerous events that ma
separated into:

wbine may be

Np [year—1]
Ny [year]
N [year]

N, [year]

Np.p [year]

The average ann;

assessed as:
(2)

where

Ag [m?] is the e

Cq is the environmental factor.

Appropriate values are Cy = 1 for wind turbines on flat land and C4 = 2 for wind turbines on a
hill or a mountain ridge.

NOTE 1 Wind turbines placed at locations known to be very exposed to lightning in general or to winter lightning
in particular may be assigned a higher environmental factor C, to consider upward lightning being triggered under
such conditions.

NOTE 2 Wind turbines placed off shore may have to be assigned an environmental factor C4 of 3 to 5 to get a
realistic estimate of the frequency of lightning attachment.

The collection area of a structure is defined as an area of ground surface which has the same
annual frequency of lightning ground flashes as the structure. For isolated structures, the
equivalent collection area is the area enclosed with a border line obtained from the
intersection between the ground surface and a straight line with a 1:3 slope which passes
from the upper parts of the structure (touching it there) and rotating around it.
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It is recommended that all wind turbines are modelled as a tall mast with a height equal to the
hub height plus one rotor radius. This is recommended for wind turbines with any type of
blades including blades made solely from non-conductive material such as glass-fibre
reinforced plastic.

Figure 1 shows the collection area produced by a wind turbine placed on flat ground. Clearly
this is a circle with a radius of three times the turbine height.

1:3 gradient

Wind turbine
position

3 x wind turbihe
N

IEC 1187/10

(3)

where
H[m] is the he

In more complex terrain, it is appropriate to consider the effective height of the wind turbine
including the height of the wind turbine position, e.g. if placed exposed on hills or ridges (see
Figure 2). IEC 62305-2 provides guidance for structures in complex terrain or in proximity to
other structures.

IEC 1188/10
Figure 2 — Effective height, H, of wind turbine exposed on a hill
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Furthermore, wind turbines may be endangered by lightning flashes near the wind turbine:
N = Ng - (4 — 44Cq) - 107° (4)

where

Ay [m2] is the collection area for lightning flashes near the structure which is the area
within a distance of 250 m.

When proper lightning protection is applied to a wind turbine and the service lines connecting
it, it may be assumed that the protection also includes protection against damage to the wind
turbine due to lightning flashes near the wind turbine and due to lightning flashes near service
lines connecting the wind turbine.

Large wind turbines are usually connected to a high-voltage powg
and also usually connected to an external control centre via a ¢én

can be assessed as:

(6)

The transformer factor C; = 1 if there is no transformer between the point of lightning
attachment and the wind turbine, and C, = 0,2 if there is. As there is usually a high-voltage
transformer in large wind turbines, C; = 0,2 can be assumed for the medium-voltage cables
connecting the wind turbine to the grid (see IEC 62305-2, Annex A).

NOTE 3 (C,=0 for submarine service lines (submarine high-voltage cables and communication cables).
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Table 3 — Collection areas 4, and A4, of service line depending
on whether aerial or buried (corresponds to Table A.3 in IEC 62305-2)

Aerial Buried
4 (Lo = 3(H, + Hy, ) 6 H, (Le = 3(Ha + Hp ) \p
4, 1000 L, 25 Le +Jp
L, [m] is the length of the service line from the wind turbine to the next structure on the line. A maximum
value L, =1 000 m should be assumed.
H, [m] is the height of the wind turbine connected at the “a” end of the service line.
Hy [m] is the height of the wind turbine (or other structure) connected at the "b” end of rvice line.
H [m] is the height of the service line conductors above ground.
p [Qm] is the resistivity of the soil where the service line is burk alue
p =500 Qm should be assumed.
1:3 gradient
1:3 gradient
Wind turbine Other structure
position
Cable connectj \Q% \)\
of length L¢
N N N \
( |
NS hic
Lg ‘
3 xHa < >
AN K Y s
\/ A\ is the collection area of lightning
flashes to the service line
A= (Le=3(Ha + Hy ) \p
IEC 1189/10
Lightning flashes inside the narrow area 4, along the cable route may penetrate to and affect

the cable directly, while lightning flashes inside the wider area 4; may induce transients and
cause pin-hole punctures of the cable insulation.

Figure 3 — Collection area of wind turbine of height H, and another structure of height
H\, connected by underground cable of length L

NOTE In wind farms, the collection areas of neighbouring wind turbines may often overlap. In such cases, the
collection areas should simply be divided between the turbines where the 1:3 gradient lines from the top of the
wind turbines intersect.

7.3 Assessing the risk of damage
7.31 Basic equation

The risk of lightning causing damage to a wind turbine installation and thereby financial
losses can be considered as the sum of many risk components. Each risk component may be

expressed by the following general equation Documents
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Ry =Ny P L, (7)

where

Ny [year-1] is the number of dangerous events per annum;

Py, is the probability of damage to the structure (a function of various protection
measures);
Ly is the consequent loss.

This basic equation is to be used for assessing the risk of damage based on the probability of
damage of various types and the consequent loss (see Annex B).

In case the risk is found to be too high, protection measures have to be™a
to reduce the risk to less than the tolerable risk Rt.

necessary

R, <R; (8)

NOTE The tolerable risk R, may be stipulated by authorities.
7.3.2 Assessment of risk components due to flashes t

For evaluation of risk components relat
relationship apply:

— component related to injury to living

Paramete S components are given in Table 4.

e risk component due to flashes near the wind turbine (S2)

For evaluation of the/risk component related to lightning flashes near the wind turbine, the
following relationship applies:

— component related to injury to failure of internal systems (D3)
Ry =Ny By Ly (12)
Parameters to assess these risk components are given in Table 4.

7.3.4 Assessment of risk components due to flashes to a service line connected to
the wind turbine (S3)

For evaluation of risk components related to lightning flashes to an incoming service line
connected to the wind turbine, the following relationship apply:

— component related to injury to living beings (D1)

Ry =(NL+Npp) Ry Ly Docutfients
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— component related to physical damage (D2)

Ry =(NL+Npp) B Ly

— component related to failure of internal systems (D3)

Ry =(N_+Npp)-Ry - Lw

Parameters to assess these risk components are given in Table 4.

7.3.5

For evaluation of the risk component related to lightning flashes near a
to the wind turbine, the following relationship apply:

— component related to failure of internal systems (D3)

Table 4 — Parameters relevant to

R, =(N,\=N)-F-L

(correspon

61400-24 © IEC:2010(E)

(14)

(15)

Assessment of risk component due to flashes near a service line connected to
the wind turbine (S4)

connected

(16)

Average annéal ny_qber\e{ﬁa\ngé‘gus events due to flashes

Np [year™] /1Q the w/inQuh{ine\ \

Ny lyear] R neMe wind\w\hs'\ne\) \\/

N, [year™'] I }\ service hoe %WWII’M turbine

N, [year "] /\ \ ne>\<&er\h>Q\e®ermg the wind turbine

Npp [year] \/ to a\\tru&s&e atthe "b” end of a service line (see Figure 3)
/\\ P bal;m/'&\gMa flash to the wind turbine will cause

P \ %chz\ta,]_iyaiﬁg beings

\f\hySI | damage

failure of internal systems

Probability that a flash near the wind turbine will cause

Py failure of internal systems
Probability that a flash to a service line will cause
U injury to living beings
v physical damage
W failure of internal systems
Probability that a flash near a service line will cause
P, failure of internal systems
Loss due to
Ly=Ly =r," L injury to living beings
Lg=Ly =ry 1y he + Lg physical damage
Le=Ly=Ly=L, =L, failure of internal systems

Annex B.

NOTE Values of loss LiLg Ly

; factors r , r_, r

p’ "ar Tu?

¢ reducing the loss and factor 4. increasing the loss are given in

Ansiirmmant
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8 Lightning protection of subcomponents

8.1 General

Unless otherwise shown by risk analysis, all subcomponents should be protected according to
LPL-I.

Lifetime compliance with a certain LPL may require maintenance and inspections which may
be site specific. Maintenance and inspection requirements for the lightning protection system
including the earthing system should be described in the service and maintenance manuals.
Maintenance and inspection procedures are outlined in Clause 12.

NOTE A detailed risk assessment may reveal that a protection level less than LPL-I is/economjcally optimal for
some wind turbines or wind farms, just as it may be advantageous to differentiate so thas sle wind turbine
blades are protected to a higher LPL while other parts repairable or replaceable at le
lower LPL.

8.2 Blades
8.2.1 General

Wind turbine blades are the most exposed parts of the i auld~experience the full
impact from the electric fields as associated wity ' ¢

described in Annex A.

Wind turbine blades are placed in ligh
shall be protected accordingly.

A general description of
included in Annex C.

The ability of the air-termination system and down-conductor system to intercept lightning
flashes and conduct lightning currents shall be verified by one of the following methods:

a) high-voltage and high-current tests in accordance with 8.2.5;

b) demonstration of similarity of the blade type (design) with a previously verified blade
type, or a blade type with documented successful lightning protection;

c) using analysis tools previously verified by comparison with test results or with blade
protection designs that have had successful service experience.

To claim verification by similarity, the blades must exhibit the same material composition, the
same system of lightning protection and have the same structural characteristic dimensions.
Significant changes which would affect lightning susceptibility should not be allowed without
verification. However, assessments that would be identical to those performed on a previously
verified blade design would not have to be repeated.
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The blade manufacturer shall produce documentation that describes which of the above
methods are used and the results of the verification.

8.24 Protection design considerations

The following subclauses describe the issues which are important for design and
incorporation of the lightning protection systems associated with the blade.

8.241 Air-termination system

The lightning air-termination systems are placed in the surface areas on the blade where
connection leaders might originate and cause lightning flash attachments or punctures if no
air terminations are present. The air-termination systems may be part o e~blade structure
itself, components added to the blade, or combinations thereof.

erly fixed in its
an withstand the
ication, the lightning

egraded by lightning or other environmental
ime due to erosion at lightning arc roots. The
the lightning arc root(s) and the surface material
m. Blades that receive large numbers of lightning
ent of the alr termmatlons The Ilfet|me of the air

reparability ower ‘the lifetime of the blade must be maintained. Recommended tests for
determining the effectiveness of air terminations are described in Annex D.

The manufacturer shall define a procedure for regular inspection of the air-termination
systems so that the estimated design life-time and service/replacement intervals can be
established and verified.

Verification of the air-termination system efficiency shall be done as described in 8.2.3.

8.24.2 The down conductor system and its connection components
The down conductor system and its connection components is the system for conducting the

lightning current from the air-termination system to the termination in the root end of the
blade.

The connections to the down conductor system shall be firm and permanent and ensure that
the entire system can withstand the combined impact of the electrical, thermal, and
electrodynamic effects of the lightning current. The ability of the lightning protectiﬁaeﬁments
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to withstand the mechanical stresses in the blades shall be verified, preferably by installing
the system in a blade which is subjected to the tests in IEC/TS 61400-23.

The cross section of the down conductor and natural conductive parts of the blade used as
down conductor shall be able to conduct lightning current corresponding to the chosen LPL.
Metal conductors shall in general be selected according to IEC 62305-3.

Testing of connection components shall be done in accordance with EN 50164-1 without the
conditioning/aging applied. The current test levels should be selected according to the first
short stroke of the selected LPL. If non-rigid connections are used, such as rotating links,
bearings or spark gaps, then testing should be done with the long stroke current as well. If
several paths for the lightning current exist, the test current amplitudes for each path may be
scaled according to the distribution of the current between the paths.

conductor system and
environments so that the condition an
these parts can be verified.

Verification of t 0]
described in 8.2.

8.2.4.3 Additiona

ables for sensors, warning lights, etc.) are present within the
eneral be bonded to the lightning protection system, be designed

conductive pa

Alternatively, it shall be documented by testing corresponding to the LPL and/or analysis
whether additional conductive components, CFC structures etc. shall be bonded together and
to the lightning protection system or not.

Bonding methods for these additional conductive components shall be proven by high-current
testing as described in 8.2.5.2.

In case conductors form parallel current paths within the blade, such conductors shall be
interconnected according to IEC 62305-1, and attention must be paid to the effects of
electrodynamic forces.

8.24.4 Electrical field stress impact on composite material design

Due to the elevation and exposure of wind turbine blades, the entire structure of the blade will
be exposed to high electric fields many times during its service life. High static and transient
electric fields are produced by thunder clouds and electrically applied to the blad@xyatrments
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Approaching lightning leaders expose the blade structure to higher electric fields. In both
cases, the electric fields may over time degrade the insulating properties of composite
materials. Therefore, the lightning protection systems should be designed considering high
voltage insulation design principles.

8.2.5 Test methods

The following test methods apply to entire blade designs or sub-sections such as blade tips or
laminate coupons.

8.2.5.1 High-voltage tests

Interception effectiveness of the air termination systems on the blade ca
the initial leader attachment test described in Annex D, Subclause D.2.

evaluated using

Development of specific design details surrounding tip receptors, si
gain from the initial leader attachment test described in Annex D ‘

Improvement of the ability of the blade laminate to impegde rges and prevent
them from puncturing the blade skin can be achieved by i g the-elegtrical breakdown
field strength of the materials. The breakdown field”strength™af insulating composites and
coating layers can be evaluated according to IEC : (a.c.), IEC 60243-3

(impulse voltage) and IEC 60464-2 (coating).

the surface may deteriorate experienced etCtrical erosion. The impact, in
connection with moisture, may change/the propextis he insulating surface towards a more

to tracking of various blad i an be evaluated and compared using
IEC 60587.

8.2.5.2 High-curre!
The air terminat§> '
flash (i.e. the time i
the high-current

g current), a phenomenon that can be evaluated by
n Annex D, Clause D.3.

Connection S ts of the down conductor can be tested by the high-current
physical ) [ Annex D, Clause D.3, or the EN 50164-1 without the

the long stroke (continuing current) defined for the selected LPL.

8.3 Nacelle and other structural components
8.3.1 General

Lightning protection of the nacelle and other structural components of the wind turbine should
be made using the large metal structures themselves as much as possible for lightning air
termination, equipotentialisation, shielding and conduction of lightning current to the earthing
system. Additional lightning protection components such as air termination systems for
protection of meteorological instruments and air craft warning lights on the nacelle, down
conductors and bonding connections shall be made and dimensioned according to
IEC 62305-3. The wind turbine should be divided into lightning protection zones, LPZ (see
Annex E).
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8.3.2 Hub

The hub for large wind turbines is a hollow cast iron sphere of 2 m to 3 m in diameter. Hence
the material thickness alone ensures that the hub structure itself is immune to lightning. In
most cases, electrical and mechanical control systems and actuators are placed in the hub
with circuits going to the outside of the hub, to the blades and to the nacelle. The hub should
be made into a Faraday cage by providing magnetic shields in the openings in the hub
towards the blades, the front and the nacelle (i.e. the hub should be defined as a LPZ). In
many cases, these openings are closed by blade flange plates and the main shaft flange,
which can be considered very effective magnetic shields. When the openings are closed with
magnetic shields as described above, the contents of the hub require no particular lightning
protection. Lightning protection of the hub is then limited to equipotential bonding and
transient protection of systems placed outside the hub, such as blade actuator systems, and
of electrical and control systems in the hub connected to circuits extend he outside of
the hub.

8.3.3 Spinner

Typically the hub has a glass fibre cover, called the spinner, w 'ch is MEUNted™Q e hub and

rotates with it. As the rolling sphere model would always is a possibility of
lightning attaching to the front end of the spinner, lightning all pe considered.

some wind turbine designs there are also electrical and e amca conhtrol systems and
actuators placed outside the hub and covered by the sp ms shall be shielded
from lightning attachment with air termination sy € RO such systems are placed

spinner and not have any lightning pre ever, in most cases simple
and practical lightning protection of the e’made using the metal support
structure for the spinner as air termination systex and connection to the hub.

The nacelle structure lightning protection so that it is ensured that
lightning attaching to the to natural metal parts able to withstand the
stress or attach i i i ination system designed for the purpose. Nacelles with
GFRP cover or S ided“with a lightning air-termination system and down
conductors forming dcelle. The lightning air-termination system including
exposed conduc e shoyld be able to withstand lightning flashes corresponding

to the chosen_lightn g protecti ével.

Other conductors in the Faraday cage should be
dlmen3|one to share of lightning currents that they may be exposed to.
Lightning air- i s for protection of instruments, etc. on the outside of the
nacelle showld deslged according to the general rules in IEC 62305-3, and down
conductor npected to the above-mentioned cage

A metal mesh could’be applied to nacelles with GFRP cover to provide shielding against
external electric and magnetic fields, and magnetic fields from currents flowing in the mesh.
Alternatively, all circuits inside the nacelle could be placed in closed metal conduits or cable
trays etc.. An equipotential bonding system shall be established in which the major metal
structures in and on the nacelle are included, as it is required in the electrical codes, and as it
will provide an efficient equipotential plane to which all earthing and equipotential bonding
connections should be made.

Lightning current from lightning attaching to the blades should preferably be conducted
directly to the above-mentioned cage thereby completely avoiding lightning current passing
through the blade pitch bearings and drive train bearings (see 8.2 and 8.4 for discussion of
protection of blades and bearings). Different kinds of brush systems are commonly used for
diverting lightning currents away from bearings. However, the efficiency of such discrete
brushes may be low, as it is very difficult to construct the brush and earth lead systems with
impedance low enough to significantly reduce the current going through the low impedance of
the main shaft and bearing systems to the nacelle bed plate.
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NOTE A nacelle cover with such a magnetic shield will not be able to protect against effects of magnetic fields
from lightning currents flowing inside the nacelle, such as in the main shaft.

8.3.5 Tower

A tubular steel tower, as predominantly used for large wind turbines, usually fulfils the
dimensions required for down conductors stated in IEC 62305-3 and can be considered an
almost perfect electromagnetic shield Faraday cage, as it is electromagnetically almost closed
both at the interface to the nacelle and at ground level. It would therefore in most cases be
reasonable to define the inside of the tower as lightning protection zone LPZ1 or LPZ2. In
order to keep the tower as electromagnetically closed as possible, there should be direct
electrical contact all the way along the flanges between tower sections. The tower and all
major metal parts in it should be integrated into the protection earth conductor (PE) and
equipotential bonding systems to make the best of the protection offep hy the Faraday

inside er such as

can also serve as an electromagnetic shield closing the towg c ’ cussion of
lightning protection of the yaw bearing).

particular lightning protection. The task of ensurir
limited to equipotential bonding and i
extending to other lightning protectio
tower.

between paralle
bonded to the tow

connect hogj lly-a , tom and for every 20 m in between. The steel reinforcement
it agnetic field attenuation and lightning current reduction inside the

8.3.6 Testing methods

Preliminary testing methods are included in Annex D.

8.4 Mechanical drive train and yaw system
8.4.1 General

The wind turbine will in general have a number of bearings for blade pitching, main shaft
rotation, gearbox, generator, and yawing systems.

Hydraulic or electrical actuator systems are used for control and operation of main
components.

Bearings and actuator systems have moving parts that directly or indirectly bridge different
parts of the wind turbine where lightning current may flow.
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All bearings and actuator systems that may be in a lightning current path shall be protected as
necessary to reduce the level of current passing through the component to a tolerable level.

8.4.2 Bearings

Bearings are difficult to monitor, and it is not acceptable that bearings have to be inspected
after lightning attachment to a wind turbine. Systems for protecting bearings therefore shall be
well proven and documented.

Protection can be a part of the bearing structure itself or it can be an external system installed
across the bearing to bypass the current.

current penetrations. If the bearing is not able to operate for the
protection shall be applied (see 8.4.4).

8.4.3 Hydraulic systems

If hydraulic systems are in the lightning current path, it

tuator systems it shall be considered to use spark gaps or

Spark gaps and_sliding contacts shall be able to conduct the lightning current it may be
exposed to at the plage of use in the wind turbine.

Both spark gaps and sliding contacts shall be designed to maintain the required performance
regardless of environmental effects such as rain, ice, pollution with salt, dust, etc.

If spark gaps or sliding contacts are used, these must be considered to be wear parts and the
service lifetime of these devices shall be calculated and documented. Spark gaps and sliding
contacts shall be inspected regularly in accordance with the service and maintenance
manuals.

8.4.5 Testing
All systems for protection of bearings and actuator systems shall have a documented

functionality. It is recommended to perform tests with impulse current representing the natural
lightning current.

Documents

Document Sharing Hub

Full document details: IEC 61400-24 2010


http://avadocuments2026.com/doc/iec-61400-24-2010
http://avadocuments2026.com/doc/iec-61400-24-2010

- 36— 61400-24 © IEC:2010(E)

It is recommended to perform impulse current tests on full-scale test objects where the
important parts of the system are represented in a test mock-up.

It shall be demonstrated that the protection system can withstand the damaging effect of the
first lightning stroke combined with the long stroke current.

If sliding contacts are used as part of the system, mechanical tests shall be performed in
order to document the stability of the system with special focus on wear of the contact with
and without the erosion effects of lightning current. The wear has to be low enough to allow
unaffected operation between the planned service intervals.

Tests can be done on scaled models, but calculations shall demonstrate
and effects.

he scaling factors

Informative testing methods are included in Annex D, Sublause D.3/4

8.5 Electrical low-voltage systems and electronic syste
8.5.1 General

This clause deals with the protection of the electrica < ems of a wind turbine
against the effects of

¢ lightning flashes attaching to the
e leader currents developing from the

e indirect lightning flashes (i.e. effeg
wind turbine directly).

Annex F for discussion of switching overvoltages.

Subclause 8.5.6.9 and Clayse ive some information on the selection of SPDs with regard to

overvoltages create in

All types of lightning A

observed.
8.5.2

Electrical and coantrol tems are subject to damage from the LEMP. Therefore LEMP
L PMS) shall be provided to avoid failure of these systems. The effective
protection of the etectrical and control system of a wind turbine against LEMP requires the
systematic approach of the lightning protection zones (LPZ) concept according to
IEC 62305-4. LPMS is part of the lightning protection zone (LPZ) concept for the complete
wind turbine, described in 8.5.3. Examples of the application of the lightning protection zones
(LPZ) concept in a wind turbine are given in Annex E.

The wind turbine manufacturer shall provide a LEMP protection measures system (LPMS)
according to IEC 62305-4 for the complete electrical system.

NOTE It can be assumed that effective LEMP protection measures also provide effective protection against the
effects of indirect lightning flashes.

Basic protection measures in an LPMS according to IEC 62305-4 include:

e bonding — see Subclause 8.5.4;
e magnetic and electrical shielding of cables and line routing (system installation) — see

Subclause 8.5.5: Documents
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e coordinated SPD protection — see Subclause 8.5.6;

e earthing — see Clause 9.

Additional methods include:

e isolation, circuit design, balanced circuits, series impedances, etc.

For the LPMS, the following basic information shall be documented (see also Clause 11):

e definition of lightning protection level (LPL) according to IEC 62305-1;
e drawings of the wind turbine defining LPZ and their boundaries;

e circuit diagrams showing SPDs, cable shields and cable shield bondin ints.

Figures E.5 and E.6 provide basic examples of such documentation.

8.5.3 Lightning protection zones (LPZ)

A wind turbine can be divided into physical areas which._roughly “dgfine t evel of the

influence of a lightning flash on components in that zone. {he diwsidg f th

lightning protection zones is a tool to ensure system uffictent protection of all
components of the wind turbine. These lightning PZ) are defined
depending on whether or not direct lightning attachme d on the magnitude of
the lightning current and associated magnetic apd\ele expected in that zone (see
Table E.1). Lightning protection method ensure that components, for
example machinery, electrical syste s, can withstand the magnetic and

electrical fields and lightning current tha » ene’in which the components are
placed. For instance, protection against overvoltag is only necessary for cables passing

8.5.4

Equipotential C 62305-4 shall be used within a wind turbine to ensure
that poten Ring cannot take place between conducting parts of the wind
turbine. entjal bonds provide protection against touch and step voltages during
a lightning_at ipotential bonds play an important role in reducing the probability
of damage and control systems. Low impedance bonding connections prevent

In order to be most effective, the bonding connections shall make maximum use of the large
metal structures of the wind turbine (i.e. mainly tower, nacelle bed plate, nacelle frame and
hub). Such bonding conductors may additionally reduce the magnetic field levels caused by
lightning. For example, if bonding connections are placed between metal platforms and the
tower wall at several positions distributed around the platform-tower interface, it will
effectively provide electromagnetic shielding of the inside of the tower.

Much of the damage experienced in wind turbine control systems can be prevented by means
of effective bonding and shielding. Some further considerations about the bonding needed in
a wind turbine are discussed in Annex G.

8.5.5 Shielding and line routing

Shielding is the means by which electromagnetic field levels are attenuated. The reduction of
electromagnetic fields can substantially reduce levels of voltages induced into circuits.
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The magnetic field caused inside an LPZ by lightning flashes to the structure or the nearby
ground may be reduced by spatial shielding of the LPZ only. Surges induced into the control
system via the connecting cabling can be minimised either by spatial shielding, or by line
routing and shielding (e.g. shielded cables bonded at both ends), or by a combination of both
methods.

Magnetic shielding and line routing according to IEC 62305-4, Clause 4 should be used, and
the general guidelines on EMC-correct installation practices described in IEC/TR 61000-5-2
should be followed.

When lightning currents flow through a wind turbine, large magnetic fields are produced. If
these changing magnetic fields pass through a loop formed by wiring or formed by wiring and
the wind turbine structure, they will induce surge voltages and currents Wi that loop. The
magnitude of the surges is related to the rate of change of the magneti

sure that such surges do not exceed the withstand level of tH
equipment.

The use of shielding and line routing should be documentegd

Some further considerations about the shielding regq W bine are discussed in
Annex G.

8.5.6 Coordinated SPD protectio
8.5.6.1 General

complete systems.

Coordinated S
switching surges. ;

approach of coor 3t
systems. The re i gordinated SPD protection within wind turbines are given
in Annex F.

¢ts of lightning surges and internally generated
slectrical and control systems requires a systematic
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8.5.6.2 Location of SPDs

According to IEC 62305-4, in an LPMS, SPDs shall be located at the line entrance into each
LPZ:

» as close as possible to the boundary of LPZ 1, SPDs tested with [;;,, (Class | test), a
classified in IEC 61643-1, shall be installed;

e as close as possible to the boundary of LPZ 2 and higher, and if necessary as close as
possible to the equipment to be protected, SPDs tested with 7, (Class |l test), as classified
in [IEC 61643-1, shall be installed.

NOTE If the length of the circuit between the SPD and the equipment is too long (i.e. in general when longer than
10 m), propagation of surges can lead to an oscillation phenomenon — see IEC 62305-4 wbclause D.2.3 and
D.2.4.

8.5.6.3 Selection of SPDs

SPDs which shall withstand a partial lightning current with th i a 1350 us
require a corresponding impulse test current ;. i e suits beurrent I,
is defined in the Class | test procedure of IEC 61643-1.

SPDs which shall withstand induced surge currents witk
a corresponding impulse test current /. For power i
the Class Il test procedure of IEC 61643-1.

itabte test qurrent 1, is defined in

SPDs shall comply with

e |EC 61643-1 for power systems;
e |EC 61643-21 for telecommunicatio

8.5.6.4 Installation ok SP
SPDs shall comply wit

e |EC 60364-4

e |EC 61643-22 fo
The installation locations s shall be documented e.g. by means of drawings and
wiring diagrga ~ i the LPMS. For the SPDs installed at the different LPZ
boundaries a 388 ge protectlon components installed inside equ|pment the

require
fulfilled.

According to IEC 82305-4, considerations shall be made regarding the coordination of SPDs
in the electrical and control systems. Sufficient information shall be provided in the
documentation on how coordination between SPDs is achieved.

Further guidelines for the bonding (earthing) and cabling of electrical and control systems and
installations are given in 8.5.4 and 8.5.5 and exemplified in Annex G.

8.5.6.5 Environmental stresses
SPDs shall withstand the environmental stresses characterising the installation place such as:

e ambient temperature;
e humidity;
e corrosive atmosphere;

e vibration and mechanical shock.
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Depending on conditions at the point of installation within the wind-turbine, additional and
specific requirements on the performance and installation of SPDs might arise. If necessary,
the manufacturer of the wind turbine should take into account the environmental conditions for
specific points of installation, e.g. nacelle and hub.

8.5.6.6 Maintenance

Maintenance and replacement of SPDs shall be done according to a maintenance plan.

SPDs shall be installed in such a way that they can be inspected.

NOTE The SPD manufacturer can provide information on SPD service life time.

8.5.6.7 SPD monitoring

SPD protection of critical parts of the electrical and control systems ¢ Nes may
require monitoring.

8.5.6.8 Selection of SPDs with regard to protection lg Yimmunity

In order to identify the required protection level U, in a to establish the
immunity levels of the equipment in the LPZ, e.g. of

e power lines and equipment terminal

e telecom lines and equipment te
ITU-T K.21;

e other lines and equipment ter
manufacturer.

Manufacturers of electr|ca and Iectro ich\com &nts should be able to supply the necessary
immunity level mform 8 : standards. Otherwise the wind turbine

System imm ied including all SPDs installed and equipment to be protected,
if applicable. z

overvoltages within the electrical system of a wind turbine. In such cases, the relevant parts
of the electrical systems and voltage levels, current levels and duration shall be identified by
analysis and/or testing and SPDs selected accordingly. Examples hereof are given in
Annex F.

Evidence shall be provided that the selected SPDs can withstand these specific stress levels.

8.5.6.10 Selection of SPDs with regard to discharge current I, and impulse current
Iimp

An analysis of the lightning current distribution within the wind turbine according to

IEC 62305-4 is recommended. Based on these calculations, SPDs can be selected with

regard to discharge current /, and impulse current Timp

SPDs for particularly exposed circuits may require higher rating as compared to the levels
given in IEC 60364-5-53 or such circuits could be shielded. Such circuits partlcula%ﬁgﬁgﬁ i
to either high stresses or repeated stresses should be identified by anaiysis ents
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such exposed circuits within the electrical and control systems of a wind turbine shall be
documented in the wiring diagrams by the wind turbine manufacturer. Further information
hereof is given in Annex F.

8.5.6.11 Selection of SPDs with regard to short-circuit current, the follow current
interrupt rating and duty cycle (service lifetime) of the SPDs

The short-circuit withstand current rating of the combination of the SPD and the overcurrent
protective device (OCPD - e.g. a fuse) and the follow current interrupting rating of the SPD as
declared by the SPD manufacturer shall be equal to or higher than the maximum short-circuit
current expected at the point of installation. In addition, when a follow current interrupting
rating is declared for the SPD, it shall be confirmed by either calculation or testing that the
actual OCPD installed in the specific power circuit does not operate.

NOTE The SPD manufacturer can provide information on SPD service life time.

8.5.6.12 Behaviour of SPDs in case of multiple lightning flashes

s and th tical nature

Due to the relatively high frequency of lightning flashes to windXurbin
> withstand multiple

lightning flashes.

8.5.7 Testing methods for system immunity tes

Preliminary testing methods are inclu

8.6 Electrical high-voltage (HV) po

Large wind turbines are usuaIIy coRnned via h-voltage (HV) transformer to an
g 8y conngct an, array of wind turbines either directly to

the grid or to a transforme ali pping Up the voltage to that of the sub-transmission

The wind turbin dced in the back of the nacelle, in the bottom of

the tower or next

HV surge protection\de ally referred to as surge arresters. In a wind turbine
application, ge A exve to protect the transformer and the high-voltage system in
general agai | se due to lightning currents passing through the wind turbine

cable sys
transformer
Annex B).

hould be eValuated based on the principles in IEC 62305-2 (see Clause 7 and

Assessment of the levels of transients coming from the HV cable system outside the wind
turbine requires special transient electrical network simulations. The studies should be made
according to IEC 60071 series. In case such studies are not performed, HV surge arresters
are advisable as a general precaution.

HV surge arresters should be metal-oxide surge arresters without gaps in accordance with
IEC 60099-4 and should be selected and applied in accordance with IEC 60099-5.
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Aux. power

Gear SCIG @ HV trafo Grid
O L@y

—|_ HV surge arrester
Rotor IEC 1190/10

Capacitor bank

Figure 4a — Squirel cage induction generator (SCIG

Gear WRIG

Rotor
IEC 1191/10

preferably be placed at the HV transformer terminals as
naximum protection for the transformer. However, it may

acelle. If the transformer is placed outside the tower, it is important
rthing system is connected to the wind turbine earthing system, and
€ one earthing system.

that the transformer €
preferably it should

SPDs on the low-voltage (LV) side of the HV transformer are probably an appropriate general
precaution, particularly if significant transients may pass through the transformer from the
high-voltage side, in which case a type of SPD for transformer application should be chosen
(i.e. SPDs with high energy absorption capability). The transient capacitive and inductive
coupling between HV and LV sides of a transformer, and therefore also the transient levels
transferred to the LV side, depend very much on the design of the transformer and particularly
on the earthing connection of the LV winding (refer to IEC 60071-2, Annex E for further
information). It is therefore advisable as a general precaution to install SPDs on the LV side of
the transformer, or alternatively to obtain a sufficiently detailed transformer model from the
manufacturer for transient studies in order to decide if SPDs are required on the LV side of
the transformer.

NOTE The general requirements for high-voltage systems on machinery in IEC 60204-11 should be observed.
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9 Earthing of wind turbines and wind farms

9.1 General

To disperse lightning currents and prevent damage to a wind turbine, an efficient earthing
system for the machine is essential. The earthing system shall furthermore protect people and
livestock against electric shock. When faults occur in the electrical grid, it is necessary to
keep the touch and step voltages and the overall earth potential rise to a safe level until
protection devices have tripped and safely interrupted the flow of fault current. For lightning
flashes, the earthing system must disperse and conduct high frequency and high energy
lightning current into the earth without any dangerous thermal and/or electrodynamic effects.

It is generally recommended that one earthing system is established foxla wind™urbine to be

recommended to include metal parts in the foundation structure

because using the metal parts of the large foundation struct

foundations.

Concerning the design of the earthing system to pr
failures in high-voltage components, please refe
CENELEC HD637 S1 or relevant natiops 3
to IEC/TS 60479-1 and IEC 60479-4.

9.1.1 Basic requirements

Two basic types of earth electrode arrangements that are described in IEC 62305-3 apply to
wind turbines:

e type A arrangement: This arrangement is not recommended for wind turbines, but can be
used for minor buildings (for example buildings containing measurement equipment or
office sheds that are connected to a wind turbine farm). Type A earthing arrangements are
made with horizontal or vertical electrodes connected to not less than two down
conductors on the structures;

NOTE For further information on type A arrangements, see IEC 62305-3, Subclause 5.4.2.1.

e type B arrangement: The type B arrangement is recommended for use with wind turbines.
This type of arrangement comprises either an external ring earth electrode in contact with
the soil for at least 80 % of its total length or a foundation earth electrode. The ring
electrodes and metal parts in the foundation shall be connected to the tower structure.

Documents

Document Sharing Hub

Full document details: IEC 61400-24 2010


http://avadocuments2026.com/doc/iec-61400-24-2010
http://avadocuments2026.com/doc/iec-61400-24-2010

—44 — 61400-24 © IEC:2010(E)

9.1.3 Earthing system impedance

The conventional earthing impedance of the earthing system does not affect the efficiency of
the air termination system and down conducting system. The earthing system shall be
designed to have as low an impulse impedance as possible to reduce the total voltage drop
(i.e. minimise the earth potential rise), to reduce the partial lightning current flowing into the
service lines connecting the wind turbine and to reduce the risk of sparks to other service
lines close to the earthing system.

The embedded depth and the type of the earth electrodes shall minimise the effects of
corrosion, soil drying and freezing and thereby stabilise the conventional earthing resistance.
It is recommended that the first metre of a vertical earth electrode should not be regarded as
being effective under frost conditions.

power system fault currents. This is ensured by selecting ear
according to IEC 62305-3. The earthing system shall be constryc
current into earth without thermal or electrodynamic damage,
shall be as short as possible.

Additional information is included in Annex |, Subclausé

9.2 Equipotential bonding
9.2.1 General
Equipotentialisation is achieved by inte

e structural metal parts;
e metal installations;
e internal systems;

e external con ive parts 3 g connected to the structure.

When lightning equig i sstablished to internal systems, part of the lightning

The mannef i ing equipotential bonding of service lines such as
telecom i ines is achieved is important and shall be discussed with the
operatoK of e nication network, the electric power system operator and other
operators 0 Oriti oficerned, as there may be conflicting requirements.

9.2.2 Lightning equipotential bonding for metal installations

Lightning equipotential bonding connections shall be made as direct and as straight as
possible.

The minimum values of the cross section of the bonding conductors connecting different
bonding bars/points and of the conductors connecting the bars/points to the earth termination
system are listed in Table 5.

The minimum values of the cross section of the bonding conductors connecting internal metal
installations to the bonding bars/points are listed in Table 6.
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Table 5 — Minimum dimensions of conductors connecting different bonding bars/points
or connecting bonding bars/points to the earth termination system (Table 8 in

IEC 62305-3)
Cross section
Class of LPS Material 2
mm
Copper 14
I to IV Aluminium 22
Steel 50

Table 6 — Minimum dimensions of conductors connecting internal metal installations to
the bonding bar/point (Table 9 in IEC 62305-3)

ss secti
Class of LPS Material &xﬁm
Copper < \5 S
I to IV Aluminium / \ \\ E\
Steel N\ \ N8

9.2.3 Electrically insulated LPS

It is not recommended to use an insulated

9.3  Structural components

9.3.1 General

9.3.2 Metal tub

Due to the heig
expected and th

tower shall be used/as the down conductor and constructed in such a way that lightning
current can flow along it without obstacle.

9.3.3 Metal reinforced concrete towers

The tower shall be considered as the primary protection earth conductor (PE) and
equipotential bonding connection. Due to the height of the tower, direct lightning attachment
to the tower structure must be expected and thus considered in the design of the tower (see
IEC 62305-3, Subclause E.4.3).

External lightning protection systems can be considered for use with concrete towers, but
should always be bonded to the steel reinforcement of the tower.

Equipotential bonding outlets connected to the steel reinforcement shall be placed at strategic
termination points for bonding of equipment inside the tower. The reinforced concrete tower
shall be designed according to 9.3.6.
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9.3.4 Lattice tower

A lattice tower protects the inside of the tower against direct lightning attachment and
provides some reduction of the lightning electromagnetic field, hence the space inside the
tower is defined as LPZ Og. The lightning down conduction should be done via the lattice
tower structural elements, which therefore have to fulfil the dimensions required for down
conductors stated in IEC 62305-3 taking current sharing between the parallel paths into
account.

Some protection for cables can be achieved by placing them in the inside corners of the tower
leg metal profiles. Shielding cable conduits or trays placed inside the lattice tower will also
provide protection.

9.3.5 Systems inside the tower

The inside of the tower shall be defined as one or more lightning
which the protection level required for internal equipment shall he &
8.5.

protection.

9.3.6 Concrete fou

Since the met
lightning or fau

connections to the {8
a part of the LPS

exercised at the intefconnections to prevent damage to the concrete due to localised arcing
across poor contacts.

The connections between reinforcement elements shall be specified by the designer, and the
installer shall carry out QA control of connections. The requirement for short and straight
connections for the lightning protection earthing shall be recognised at all times.

If the metal reinforcement is used for the power system protective earth, the thickness of the
metal reinforcement rods and the connections shall comply with the requirements for power
system earthing systems which are usually stipulated in the electrical code.

Outlets for additional bonding, measurement or expansion of the earthing system shall be
made at appropriate locations on the foundation.

Documents

Document Sharing Hub

Full document details: IEC 61400-24 2010


http://avadocuments2026.com/doc/iec-61400-24-2010
http://avadocuments2026.com/doc/iec-61400-24-2010

