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for television signals, sound signals and interactive services, of TEC technical commitiee 100:
Audio, video and multimedia systems and equipment.

This third edition cancels and replaces the second edition published in 2005. This edition
constitutes a technical revision.

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

edition.

e The list of "differences in some countries" was transferred from the "Foreword" to
informative Annex D.

e Some new terms and definitions were added.

e All Figures were reworked among other things concerning equipotential bonding and
earthing details and were incorporated in the text at the appropriate places.
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e Clause 11 "Protection against atmospheric overvoltages and elimination of potential
differences" was completely reworked and re-structured taking into account among other
things the provisions and requirements of the IEC 62305 series on "Lightning protection".

e New informative Annex A on "Earth loop impedance" was added.
e New informative Annex C on "Examples of calculation of risk due to lightning" was added.

e Former Annex B on "Special conditions using IT power line networks" was re-worded and
incorporated in Annex D as "Difference in Norway".

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

FDIS Report on voting
100/1679/FDIS 100/1708/RVD

Full information on the voting for the approval of this standard car’be
voting indicated in the above table.

This publication has been drafted in accordance with the IS

The list of all the parts of the IEC 60728 series, under th rks for
televisipn signals, sound signals and interactive services; C € 9 7 te.

The committee has decided that the cg ntil the
stability date indicated on the IEC web"s Lt pC//W e ated to
the specific publication. At this date, the pu i

* reconfirmed;
e withdrawn;

* replaced by a revise
+ amended.

A bilindual versi@thi

be/issued at a later date.

IMPOR
that it
of its ¢

o}l\ir?de' logo on the cover page of this publication indficates
hich are considered to be useful for the correct understgnding
should therefore print this document using a colour printer.
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks including equipment and
associated methods of measurement for headend reception, processing and distribution of
television signals, sound signals and their associated data signals and for processing,
interfacing and transmitting all kinds of signals for interactive services using all applicable
transmission media.

This includes

e CATV networks,

o MATVTetworks and SMAT Vnetworks,

e indiyvidual receiving networks

and all [kinds of equipment, systems and installations installed in suci

NOTE ATV encompasses the Hybrid Fibre Coaxial (HFC) provide
telecommunications services, voice, data, audio and video both broadcasta

The ex 5 to the
headen

The st4 ptc.) as

well as
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 11: Safety

ms and
ms, for

Additiopal requirements may be applied, for example, referring to

e elegtrical installations of buildings and overhead lines,
e other telecommunication services distribution systems,
e watpr distribution systems,
e gas|distribution systems,

e lighfning systems.

working

This standard is intended to provide specifi
i is not

on it, subscribers and subscriber equip
intende

The following referenced » wdispensable for the application of this document. For
dated referencesy or i ition of
the refe

o)

renced docu
IEC 60
IEC 60

IEC 60
of gene

ssment

IEC 60 REA 5 B2 Flactrical inctallatinne Af hiildin
OO L= e GG —HASTaH A ORAS—O+—0tHGH

electrical equipment — Wiring systems

IEC 60364-5-54, Electrical installations of buildings — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements, protective conductors and protective bonding
conductors

IEC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 60617, Graphical symbols for diagrams
IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCS)
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IEC 60950-1:2005, Information technology equipment — Safety — Part 1: General requirements
IEC 60990, Methods of measurement of touch current and protective conductor current

IEC 61140:2001, Protection against electric shock — Common aspects for installation and
equipment

IEC 62305 (all parts), Protection against lightning

IEC 62305-2:2006 Protection against lightning — Part 2: Risk management

IEC 62805-3:2006, Protection against lightning — Part 3: Physical damage to structures_fand life

hazard

IEC 62805-4, Protection against lightning — Part 4: Electrical ana 1 within
structufes

ISO 3864-1:2002, Graphical symbols — Safety colours and safet)ksi . |Design
principles for safety signs in workplaces and public areas

EN 50117 (all parts), Coaxial cables

EN 50164-1, Lightning Protection Compone Requirements for connection
compongents

EN 50164-2, Lightning Protection Co
and eafth electrodes

art 2: Requirements for conguctors

EN 50174-2, Informatio
practicés inside building
EN 50310, App/ica:o 0

technology equipmemnt

ng and

CENELEC R 064 agnetic
interference (t 9

3 Tefms,©

3.1 Tefms and definitions

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

NOTE Some terms have been taken from IEC 60050-195, IEC 60050-826 and IEC 60050-851, with the IEV
numbering in square brackets, and from other IEC standards, also referenced to in square brackets.

3.11

air termination system

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

[IEC 62305-3:2006, 3.6]

3.1.2
amplifier
device to compensate for attenuation
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attenuation
decibel ratio of the input power to the output power

3.1.4

cable networks (for television signals, sound signals and interactive services)
general overall term used to define CATV-networks, MATV-networks, SMATV-networks and
individual receiving networks; these networks can be used in downstream and upstream

directions

3.1.5

CATV ork

network designed to provide sound and television signals as well as signals~for intéractive

servicep to communities

3.1.6

class |
equipmlent with basic insulation as provision for basic protectio
provisign for fault protection, in accordance with IEC 61140 ‘

[IEC 60050-851:2008, 851-15-10]

3.1.7

class I| equipment

equipmlent with basic insulation as provision\for bas i and supplementary ins
as proyision for fault protection, or in\whi basi adlt protection are provi

reinforged insulation, in accordance wit

[IEC 60050-851:2008, 851

3.1.8

earthing arrangement
all the electric C@(:Ii§
equipmlent

[IEC 6(J050-195:1¢

3.1.9

earthin

conduc N oVvides a conductive path, or part of the conductive path, between
point in S in~an installation or in equipment and an earth electrode or an

electro

NOTE

equipment

ed in the earthing of a system, an installat

ling as

tulation
ded by

on and

B given
earth-

h the electrical installation of a building, the given point is usually the main earthing bar, and the

earthing

conductor connects this point to the earth electrode or the earth-electrode network.

[IEC 60050-826:2004, 826-13-12]

3.1.10

earth electrode
conductive part, which may be embedded in the soil or in a specific conductive medium, e.g.
concrete or coke, in electric contact with the Earth

[IEC 60050-826:2004, 826-13-05]
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3.1.11

earthing terminal

terminal provided on equipment or on a device and intended for the electric connection with the
earthing arrangement

[IEC 60050-195:1998, 195-02-31]

3.1.12
electric shock
physiological effect resulting from an electric current through a human or animal body

[IEC 60050-826:2004, 826-12-01]

3.1.13
equipotential bonding

provisign of electric connections between conductive parts, intended ntiality

[IEC 60050-826:2004, 826-13-19]

3.1.14
equipotential bonding bar

bar which is part of an equipotential bonding syste
number of conductors for equipotential bonding p

ectric connectipn of a

[IEC 6(J050-826:2004, 826-13-35, modfi

3.1.15
protective bonding conductor
protectlive conductor provi for protective

gte@'}:oteti

[IEC 6(J050-826:2004, 8

3.1.16
exposgd condu
conductfive part of eg
can beg¢ome live v

e touched and which is not normally live, but which

[IEC 6(050-

3.1.17

extran ep

conducE' ming part of the electrical installation and liable to introduce an jelectric
potenti g electric potential of a local earth

[IEC 60050-195:1998 195-06-11]

3.1.18

feeder

transmission path forming part of a cable network; such a path may consist of a metallic cable,
optical fibre, waveguide or any combination of them

NOTE By extension, the term is also applied to paths containing one or more radio links.

3.1.19
galvanic isolator
device providing electrical isolation below a certain frequency range


https://iecnorm.com/api/?name=d6dd6d5e876b81866c0e1874d11097d4

-12 - 60728-11 © IEC:2010(E)

3.1.20
hazardous voltage

electrical condition of an object from which a hazardous touch current (electric shock) could be

drawn

[IEC 60065:2001, 2.6.10, modified]

3.1.21
headend

equipment, which is connected between receiving antennas or other signal sources and the

remainder of the cable network, to process the signals to be distributed

3.1.221
home distributor
HD
physicgl distribution point within a home where cables terminate

3.1.23
individual receiving network

network designed to provide sound and television signals
servicep to an individual household

3.1.24

let-go threshold current

maximym value of electric current throqugh\ the dy o
releasg himself or herself

[IEC 60J050-195:1998, 195-03-09]

3.1.25

lightning protection syste

LPS
complete system ;?
externgl and inter i

s for intgractive

a person at which that person can

pace\against the effects of lightning consisting jof both

stems
NOTE | onsist of an external LPS or an internal LPS only.
3.1.26
main e
main ep :
terming ich\is part of the earthing arrangement of an installation and enabling the

electric| connection.of @ number of conductors for earthing purposes

[IEC 60050-826:2004, 826-13-15, modified]

3.1.27
MATV network or master antenna television network

network designed to provide sound and television signals as well as signals for interactive

services to households in one or more buildings

3.1.28
metal installation

extended metal items in the structure to be protected which may form a path for lightning
current, such as pipe-work, staircases, elevator guide rails, ventilation, heating and air

conditioning ducts, and interconnected reinforcing steel

[IEC 62305-3:2006, 3.18]
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3.1.29

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.

[IEC 62305-3:2006, 3.15]

3.1.30

network interface unit

NIU

interfad

NOTE

3.1.31
neutra

identifiq

The network interface unit can contain an overvoltage protective

conduc

distribution of electric energy

[IEC 60

3.1.32

PEN cd

conduc]
conduc

[IEC 60

NOTE

neutral c

3.1.33

protecti
identifiq
conduc

NOTE
conduct

e between the cable network and the network inside an apa

leme

conductor
ation: N

tor electrically connected to apable of contributing

050-826:2004, 826-14-07]

nductor
for combining
tor

050-826:@, 32

protective earthing conductor and a

mbination of both symbols PE for the protective conductor 3

hwaflelectrical installation, the conductor identified PE is normally also considered as protective

and/or, a galvanicisolation.

[IEC 60050-826:2004, 826-13-22]

3.1.34

receiver lead
lead, which connects the system outlet to the subscriber equipment

3.1.35

receiving antenna
device with proper electrical characteristics that intercepts desired signals in the atmosphere
and transfers these to the remainder of the cable network

to the

neutral

nd N for

earthing
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power feeding voltage
for supplying power to network equipment via the cable network or a separate line

safety distance

minimu

m distance between two conductive parts within the space to be protected between

which no dangerous sparking can occur

3.1.38

service person

person

having apprapriate technical training and experience necessary to be aware of hazards
~J Ll } T ~J T 7

to whic
risks to|

[IEC 60

3.1.39

SMATV
networl
service|
radio s

3.1.40
splitter
device

or mor¢ (output) ports

NOTE

3.1.41
spur fe
feeder

3.1.42

subscrii

h that person may be exposed in performing a task and of measures mininlize the
that person or other persons

950-1:2005, 1.2.13.5]

designed to provide sound and television signals™a als for intgractive
5, received by satellite receiving antenna even omb rrestrial TV| and/or
gnals, to households in one or more buildings

(spur unit)
n which the signal power at the (input ivided-edually or unequally betwg¢en two

ome forms of this devj ed i thse direction for combining signal energy.
eder
o which @ i s.orleoped system outlets are connected

equipm

multimedia

3.1.43

subscrjiber feede

feeder

the subscriber equipment

emises such as receivers, tuners, decoders, video reqorders,

onnecting a~slUbscriber tap to a system outlet or, where the latter is not used, direct to

3.1.44

subscriber tap
device for connecting a subscriber feeder to a spur feeder

3.1.45

surge protective device

device

that is intended to limit transient overvoltages and divert surge currents; it contains at

least one non-linear component

3.1.46

surge suppressor

device

designed to limit the surge voltage between two parts within the space to be protected,

such as spark gap, surge diverter or semiconductor device
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3.1.47

system outlet

device for interconnecting a subscriber feeder and a receiver lead

3.1.48

(effective) touch voltage
voltage between conductive parts when touched simultaneously by a person or an animal

15—

NOTE The value of the effective touch voltage may be appreciably influenced by the impedance of the person or
the animal in electric contact with these conductive parts.

[IEC 60050-826:2004, 826-11-05]

3.1.49

transfdr point

interfade between the cable network and the building’s internal net
separalely owned and which may contain a voltage-dependent device
3.2 $ymbols

The following graphical symbols are used in the figur

either |

3.3 4

AC
AM
ATS
CATV
DC
DTH

Coaxial conductor
[IEC 60617-S00011
2001-07-01]

}
- smemone
i

direct to' home

2001-07-01]

Galvanic isolator

Coaxial overvoltage pro|
device

may be
lator

ols are

tective

homedistributor

international protection (class)
isolated earth

low noise block converter

lightning protection system
lightning stroke risk

master antenna television (network)
neutral (conductor)

network interface unit

Network termination point

protective conductor
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PEN PEN conductor

RCD residual current device
RF radio frequency

RMS root mean square

SMATV satellite master antenna television (network)

SPD surge protective device
STB set top box
TV television

4 Fuhdamental requirements

41 eneral

The caple network shall be so designed, constructed and ins 5 janger,
either [under normal condition or abnormal (any single fault) conditi cribers,
personnel working on, or externally inspecting, the system other\person, providing
particularly

e personal protection against electric shock,

jury,

e personal protection against physical

e profection against fire.

For furfher details, see the IEC 60364

The abpve does not appl i i pment,
who may be exposed to live i

4.2 Iechanic%:>e
All parts of the s

contact with sharp e

ry from

4.3 Acces
Access public
without defines

access|ble pa

4.4 Laserradiation

If equipment embodying laser products is used, special attention shall be paid to radiation
safety. Safety information in the product documentation shall be noted. Refer to IEC 60825-1
and IEC 60825-2 for requirements and recommendations.

5 Protection against environmental influences

All system parts, taking into account external influences to which they might be exposed, have
to be selected and set up in such a way that, when used properly, the effectiveness of the
required protective measures is ensured.

NOTE Special measures are required, for example, for protection against corrosive atmosphere, temperature and
humidity.
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6 Equipotential bonding and earthing

6.1 General requirements

The cable network shall be designed and constructed in accordance with the requirements of
the IEC 60364 series so that no hazardous voltages can be present on the outer conductors of
any cable or accessible metalwork of any equipment, including passive items. The
requirements for the system outlet are specified in Clause 10 the requirements for
equipotential bonding and lightning protection of antenna systems are given in Clause 11.

These bonding requirements are intended to protect only the cable network and shall not be
considered to ide protection against electric shock currents from electrical installations.

nce with the requirements of IEC 60364-5-54.

Where [cable networks are installed outdoors on the same pole hos
a common earthing may be used.

supply,

NOTE 1| For requirements in France, see D.1.1

NOTE 2 | For requirements in Japan, see D.1.2

6.2 Equipotential bonding mechanis

All pafts belonging to the equipote
requirements:

s shall fulfil the fqgllowing

a) In g¢rder to prevent p ial di aneous
corjductive parts, which_mig q NS .g. igniti failure
of @quipment by arcing), S : i i i [ onding

sysfem of the buildjng:

NOTE 1 Equip :
gengrally carried odt at't

its efffectiveness.

lilding is
increases

b) Equi
shi
shall
effigiency

c) The
stable and=shall h
(notg protected).

achiieved by means of protective bonding conductorg, cable
sings or system parts. Heating pipes, water pipes, gap pipes
s€ they do not guarantee permanent equipotential Bhonding

nding conductors connected to earthing terminals shall be mechgnically
ve a minimum cross-sectional area of 2,5 mm2 Cu (protected) or|4 mm?2
ey shall comply with IEC 60364-5-54.

d) Mefallic enclosures containing mains supplied equipment shall be connected to the main
earthing bar regardless if they are located outside or inside of buildings. See examples in
Figure 1, in Figure 2 and in Figure 13.

e) Where direct connection to an earthing system is not suitable because high balancing
currents are expected to flow in the outer conductor, for example, in extensive cable
networks, special protection shall be provided.

This protection can be achieved by
¢ mounting the equipment within a non-metallic enclosure, or
e isolating the equipment from a metallic enclosure.

In both cases an overvoltage protective element shall be connected between the equipment
and the main earthing bar as shown in Figure 3.
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The safety sign “Warning about hazardous electrical voltage” A according to sign 7.4
of ISO 3864-1:2002 shall be attached to the enclosure.

If balancing currents are expected to exceed the maximum current allowed by the
manufacturer of the cable and/or of the cable connectors, a galvanic isolation may be used
as described hereafter. When installed, it shall not be possible to touch simultaneously both
input and output terminals of the isolator.

% h / - ,/‘7/-// g
%/ 7,
7’% S ’

iy

T

7

|EC  1141/10

( min\e}khirﬁ\tﬁr\/ 2 Protective conductor (PE) if required

B ProtecWing conductor (minimum cross 4  Earth electrode
section according to 6.2 c)

b~ Metallic enclosure (dashed line) 6 Farthing terminal (see 6. 2 j and 6.2 k)

7 Equipotential bonding clamp

Figure 1 — Example of equipotential bonding and earthing of a metal enclosure
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IEC 1142/10
1 Protective bonding conductor (minimum cross 2 Protective conductor (PE) if required
section according to 6.2 c)
3 Main earthing bar 4 Earth electrode
5 Equipotential bonding clamp 5a Equipotential bonding clamp [optional

bonding, alternative bonding point for the
entering coaxial cable]

6 Earthing terminal (see 6.2 j and 6.2 k)

Figure 2 — Example of equipotential bonding
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IEC 1143/10

<N}n\§n§ta\{s{nclo§‘{re 2 Metallic enclosure (dashed line)

3 M&ep&de protective device 4 Main earthing bar

5 Protechctor (PE) if required 6 Protective bonding conductor (minimum
cross section according to 6.2 c)

Z ~Earth electrode 8 Farfhing terminal (see 6 7j and 6 2 k)

NOTE For details concerning the case of balancing currents, see 6.2 e.

Figure 3 — Example of equipotential bonding and indirect earthing of
the amplifier and the cables via a voltage-dependent protective device

f) Where galvanic isolation is provided between sections of the network, to eliminate
balancing currents due to local potential differences, the outer conductors of each isolated
section shall be connected directly to earth or to earth via an equipotential bonding system.

NOTE 3 Galvanic isolators, in case of improper design, can radiate or pick up inadmissible high-frequency
energy. Therefore, compliance with the requirements of IEC 60728-2 should be checked carefully.

NOTE 4 Galvanic isolators can be damaged by overvoltages.

NOTE 5 For requirements in France, see D.2.1.
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g) The outer conductors of coaxial cables entering or leaving a building shall be included in
the equipotential bonding system of the building, either at the equipment or separately.
Examples are shown in Figure 4, in Figure 5 and in Figure 6.The subscriber feeder cables
need not be bonded if a galvanic isolator or fully isolated outlets (see Clause 10) or transfer
points each with a galvanic isolation for the inner and the outer conductor are used.

NOTE 6 For requirements in Norway, see D.2.2.

NOTE 7 For requirements in Japan and Poland, see D.2.3.

N

AlEs g
-W A
1 Subscriber tap 2 Protective bonding conductor (minimum

cross section according to 6.2 c)

3 Protective conductor (PE) if required Heating pipes

5 Water pipe Gas pipe

7 Galvanic isolation Main earthing bar

©O© [0 | o | b

8a Equipotential bonding bar [optional bonding if Earth electrode
the entering and leaving coaxial cables are
not included in the equipotential bonding

system via the equipment 1]

10 Earthing terminal (see 6.2 j and 6.2 k)

Figure 4 — Example of equipotential bonding and earthing
of a building installation (underground connection)
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i

IEC 114§/10

<\

1 Wall-m d‘'subscriber tap 2 Protective bonding conductor (minimum
cross section according to 6.2 c)
~
3 %t}oﬁ{\e\co\d{ctor (\P’\E) if required
5 |water. N\ \/

7 Galvanicwon>

8a |Equipotential bonding bar [optional bonding if the
entering coaxial cable is not included in the
equipotential bonding system via the equipment 1]

10 Earthing terminal (see 6.2 j and 6.2 k)

Heating pipes

Gas

Main earthing bar

© (| O |

Earth electrode

Figure 5 — Example of equipotential bonding and earthing
of a building installation (above ground connection)
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iy

AW

NN

%

IEC 1146/10

1 Galvawtor 2 Transfer point

3/ Protective conductor (PE) if required 4 Main earthing bar

5 Equipotential bonding bar ® 6 Protective bonding conductor
(minimum cross section according
to 6.2)

7 Earth electrode 8 Overvoltage protective device

(Minimum cross-sectional area of
the bonding conductor to main
earthing bar (4) 16 mm?2)

9 Earthing terminal (see 6.2 j and 6.2 k)

temporary installation.

The equipotential bonding bars 5 connecting the outer conductors of the input and output
cables of the amplifier with the protective bonding conductors 6 are to ensure safety during
equipment replacement. They could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors and may be a

Figure 6 — Example of equipotential bonding with a galvanic isolated cable
entering a building (underground connection)
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Where equipotential bonding is not possible and to avoid balancing currents between the
cable network and the building installation, a galvanic isolator shall be used. An example is
shown in Figure 6.

NOTE 8 Galvanic isolators, in case of improper design, can radiate or pick up inadmissible high-frequency
energy. Therefore, compliance with the requirements of IEC 60728-2 should be checked carefully.

NOTE 9 Galvanic isolators can be damaged by overvoltages.

When changing or removing active or passive equipment (e.g. amplifiers, taps, etc.) or
coaxial cable, care shall be taken to avoid hazardous voltages between the interrupted
parts (inner and/or outer conductors) by opening the loop caused by leakage currents from
subscriber equipment. Provision shall be made to maintain continuity of the outer conductor
system while units are changed or removed to avoid electric _shock (shock currents).
Exgmples are shown in Figure 6 and Figure 7. In addition, the inner/conductors.ghall be
safgguarded against contact.

NOJTE 10 For requirements in Norway, see D.2.2.

Evgry connection of an protective bonding conductor or an to an
earthing terminal shall be readily accessible and soundly made crimps,
clamps, welded or hard-soldered joints.

All [metallic enclosures, housings, mounting bays, ins<supplied equjpment,
shall be provided with an external earthing términa IEC 60p65 or
IEQ 60950-1.

NOTE 11 Line-powered amplifiers, taps, Id also be fitted with|earthing

terminals.

Forl antennas, which, according to Clause e/to be grounded, it is strongly
recommended that at least the outér cond the coaxial cable connected| to the

antenna should be included in the|equipetentia ing. Furthermore, all interconpected,
conductive, accessible parts of the intion should be included in the equipptential
¢ :

bonding. For these cofinections, either of the/follow

e |Connection to onding
conductor (according

e |Connecti to the

nearest p0| n order

Z be also

nductor

NOTE
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[
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: 5
[

4 [dhoooooy]

Ay

AN

.

IE

AN\

1147/10

i Transfer painy”

Protective conductor (PE) if required

B+ Main earthing bar

Equipotential bonding bars ®

5 Protective bonding conductor (minimum cross
section according to 6.2 c)

Earth electrode

7 Equipotential bonding clamp (optional bonding
if the entering coaxial cable is not included in
the equipotential bonding system via the

equipment 1)

Earthing terminal (see 6.2 j and 6.2 k)

[

installation.

The equipotential bonding bars 4 connecting the outer conductors of the input and output
cables of the amplifier with the protective bonding conductors 5 are to ensure safety during
equipment replacement. They could be either metallic bars for directly fixing and contacting the
sheath of the coaxial cables or a block of double sided F connectors and may be a temporary

Figure 7 — Example of maintaining equipotential bonding whilst a unit is removed
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6.3 Equipotential bonding in meshed systems
6.3.1 References to other standards

Equipotential bonding shall comply with |EC 60364-5-54, EN 50174-2, EN 50310 and
CENELEC R 064-004.

6.3.2 General on AC mains

Due to the varying load, locally and versus time, of the individual phases of the AC mains
supply in a building high balancing currents can occur in the neutral conductors. The neutral
conductor currents are even increased by harmonic currents, which are emitted by certain

electri :uado :;IT\U OVV;tUh;IIy MUVWTI OUP'J:;UQ, CTICTYY OGV;IIS :;yhto, Utb.

NOTE For example, the third harmonic currents of the mains frequency in the thr
neutral cpnductor.

ly in the

6.3.3 AC power distribution and connection of the protective eonduct
6.3.3.1 General

In low4{voltage installations, different systems are/ distinguisk arthing
connecfion on the one hand and by the exposed i y 54-1 or
EN 50310).

6.3.3.2 TN systems

There are three different TN subsystems with the\fe general characteristics.

a) TN{S system: Separate’ne : nected
at the earthing point of\the s

NOTE No neutral conductar,c
b) TN{C systen@
the[system.

c) TN{C-S syste
the[system.

ughout

part of

6.3.3.3

The TT]| sys i int directly earthed, the exposed conductive parts of the insfallation
being ¢onne ; electrodes electrically independent of the earth electrodes| of the
power gystem,

NOTE HRorvequirements in Norway concerning IT systems, see Clause D.3

6.3.3.4 IT system
The IT system is isolated from earth, except that one point may be connected to earth through

an impedance or a voltage limiter. The exposed conductive parts of the equipment installation
required to be earthed are connected to earth electrodes at the user’s premises.

NOTE For requirements in Norway concerning IT systems, see Clause D.3.
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6.3.4
6.3.4.1

Dangers and malfunction

Within buildings

Due to the connecting of the PEN conductor in TN-C and TN-C-S systems to earthed shielding
of the cable network, currents can be carried off from the PEN conductor to the cable network

and lea

k away via the cable shielding.

NOTE When connecting equipment of protection Class | to mains and simultaneously to the cable network, the
connection between the PEN conductor and earthed shielding is established via the protective conductor of the

equipment.
In the case of insufficient conductor cross-section of the shield, the currents from the
PEN cdnductor can cause heating and overheating of cables and shielding of fire)
If the ¢urrents flow through non-linear elements (for example, feryi in taps,
splitter$, system outlets, etc.) they can cause hum modulation. Coup cause
hum inferference
Data transmission errors and malfunctions can occur in sigpa
6.3.4.2 Between buildings
Due to different currents in N or PEN condugs in the
individgal buildings can carry differep i se critically high balancing
currentp to flow through the shielding i cables
betweeh the buildings.
6.3.5 Measures
The following measures are rece
a) Equipment of teleg ed to a
TNAS syste
b) If ppssible, use‘egq
c) Wh in the
codxial conne
NOTE 1 ectrically
isolgted
NOTE 2 equency
enelgy. Ther
NOTE 3 \Eor requirements in Norway, see D.2.2.
d) To aveid interference qr‘r‘nrding to6.342:

use relieving equipotential bonding (see IEC 60364-5-54);

galvanic isolation at NIU.

7 Mains-supplied equipment

The equipment used in a cable network shall meet the requirements of IEC 60065 or
IEC 60950-1. Preferably, equipment of protection Class Il should be used.

NOTE 1

NOTE 2

If Class | equipment is used in a coaxial cable network different potentials can build up between the PE
conductor and the equipotential bonding terminal. The occurring balancing currents could produce excessive heat.

For the application of either standard, IEC Guide 112 applies.
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Devices installed outdoors and operated from the mains supply shall be so constructed that the
harmful effects of moisture, water, dust, etc. are prevented. Alternatively, they shall be installed
in an appropriate drip-proof, splash-proof or watertight enclosure of appropriate IP rating so as
to provide the appropriate degree of protection (see IEC 60529).

8 Re

mote power feeding in cable networks

8.1 Remote power feeding

8.1.1

The rat

Maximum allowed voltages

na-at B oo bhall ot > AT~V 120 \L
T ™ T

NOTE 1

A true |

The fol

e rem
nec

e the
rem

NOTE 2

8.1.2

The eq
IEC 60

NOTE 1

NOTE 2
remotely

The oc
power s

8.1.3

The hIating by operating and short-circuit currents (in case of failure)

compo
SCrew (

mruLte PU‘V‘V‘Gr;r‘Ig ‘V’UILO\&U Slla UXUUU\J UJ VAC VT A4 DC.
Direct currents (DC) can destroy parts of the system by corrosion.

RMS reading instrument shall be used to determine this voltage.

owing conditions shall be complied with:

ents-useds not cause any danger. Particularly, components like cables, plu
orinections shall meet these requirements. With respect to the current-carrying g

and di

2); the

only by

065 or
1.

busing of

by the

of the
gs and
apacity

pleciric strength, only components specified for the current and operating

voltage

according to Table 1 shall be used. Higher values are possible if specified by the manufacturer.
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Table 1 — Maximum allowed operation voltages and maximum allowed currents for
coaxial cables in different cable network applications

. . Maximum allowed Maximum allowed
Typical diameter X
. operation voltage current
of the coaxial A
Application cable
mm AC DC Ovperation Permanent short
RMS P circuit

Drop or Sub- 5to0 10 34 50 2 4
scriber cable ®

Feeder or >10 65 120 7 15
Distribution cable

Trunk caljle >10 65 120 0

a

Drop pr subscriber cable with a diameter <5 mm have to be operated accordln to th igations of the
manufacturer.

NOTE 1 |Specific test conditions for coaxial cables are laid down in the EN 501 7 s
NOTE 2 |For back-powering applications these values are reduced according to 8.2.
N

8.2 Remote powering from subscriber premises

Where |back-powering to a network or to outdoor equip ifiers, low-noise
converfers, polarizers in antenna installations is incorpora vith the
followirlg requirements.

e Thg maximum voltage applied bet scriber
feedler shall not exceed 24 V¢ g ghall be
usefd to determine the AC voltage.

e Thd equipment shall be ig d an flow
under normal operating [ :

e Thg equipment praoviding » ift supply,
comply with al ise 7.

e Repointing m irements
andl recommenda specified here. Reference is made to IEC 60065 or
IEC|{60950-1.

9 Hrotec act and proximity to electric power distribution

9.1

The risk of hazardous voltages in cable networks due to an accidental contact to electri¢ power
lines ghall’ be minimized. These protection requirements are intended, where np local
regulations exist, to protect cable networks against potentially hazardous voltages.

NOTE For requirements in France, see Clause D.5.

9.2 Overhead lines
9.2.1 Overhead lines up to 1 000 V

The distance between any part of the antenna and the antenna support structure and electric
power distribution systems shall be not less than 1 m or according to national regulations, if
more stringent.

NOTE 1 This value provides sufficient margin that the swinging of the electric power cables need not be taken into
account.

NOTE 2 For requirements in Japan, see Clause D.6.
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9.2.2 Overhead lines above 1 000 V
For phase conductors carrying voltages of more than 1 kV, the distance to any part of an
antenna structure shall be at least 3 m or according to national regulations, if more stringent.

The cable network shall not cross over in open air any open power-distribution system carrying
voltages of more than 1 kV.

NOTE For requirements in Japan, see Clause D.6.
9.3 House installations up to 1 000 V

The distance between conductive parts of a cable network and conductive parts, including all

supportstructures of an electric Innwpr-riictrihntinn system rarrying \/nl’rquq hetween 50 V and
1 000 \f shall be at least 10 mm when installed indoors and 20 mm when installed outdeors.
These Hdistances may be less only if there is sufficient insulating materi , cable
with inqulating jacket, between the conductors of the two systems, thus i t these
conducfors do not touch each other. For isolation requiremen X ee the
EN 50117 series.

With rgspect to common line routing for cable netwo lations,
IEC 60864-5-52 shall be taken into account.

The ingtallation of a power outlet and a.syste y if the
system| outlet can be installed in sudf power
distribution system cannot be touched by the\in

10 Syistem outlets and transfer pin%

10.1 General

The terfminal equipme means
of a sygtem outl

NOTE 1 | Except in the’c potential
bonding pf the outer ations of
fault corlditions and a act as a
protective conducto S tiderable
period off ti { )

Where [s rovided
at the qutpu

Where |overvoltage protection is provided by means of isolating capacitors or transformers, the
isolated_conductors, for example, inner conductors shall withstand a continuous [DC test

voltage of 2 120 V for a period of not less than 1 min and maintain an insulation resistance of
not less than 3,0 MQ.

NOTE 2 Compliance with this requirement can be shown to be achieved if the leakage current during the test does
not exceed 0,7 mA.

The manufacturer shall design the isolating means in such a way that, under fault conditions of
equipment connected to the outlet or transfer point, the AC leakage current (50 Hz or 60 Hz)
does not exceed 8 mARys With an applied voltage of 230 Vgs.

NOTE 3 For requirements in Sweden, see D.7.1.
NOTE 4 For requirements in the UK, see D.7.2.

NOTE 5 For requirements in Norway, see D.2.2.
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10.2 System outlet
10.2.1 Types of system outlets

There are four types of system outlets in common use providing varying degrees of protection
against electric shock (shock currents), and also more or less liable to radiate or pick up high-
frequency energy.

10.2.2 Fully isolated system outlet

This type of outlet incorporates isolating components in series with both the inner and the outer
conductors of the coaX|aI connectlons The |soIat|ng components may be e|ther hlgh voltage

capacit @ touch
simultaheously both mput and output termmals of the |solator

NOTE 1| In cases where induced voltages resulting from lightning discharges segification
additiondl over-voltage protection (e.g. surge protecting devices) may be needed.

NOTE 2 | Fully isolated system outlets, in case of improper design, can ible high-
frequencly energy. Therefore, compliance with the requirements of IEC 60728-

10.2.3 | Semi-isolated system outlet

This type of outlet incorporates an isolating compe i¥ ies Wi i rs only
of the fpoaxial connections. el i ded by
equipofential bonding of the outer condustor of th , the DC
resistapce between the outer conductornandt or PE)
shall b¢ such that no hazardous touch ) sge also
Annex A). The isolating component ma -wound
transfofmer.

NOTE 1

NOTE 2

10.2.4

This ty ded by
equipofential bon' S as .2:37A protective element to improve safety (for example, an
RF coil veen the inner and outer conductors of the coaxial connjctions.
The D i is protective element shall be less than 1 Q. The DC reglistance
betwee erSeonductor and the nearest point of equipotential bonding (or PE) ghall be
such t ha ouch voltage appears on exposed conductive parts (sge also
Annex

NOTE 1 | #0230 V systems a value of the DC resistance <5 Q is used as a good practice.

NOTE 2 For requirements in Japan, see Clause D.8.

10.2.5 Non-isolated system outlet without protective element

This type of outlet incorporates coaxial connector(s) only and does not contain any isolation
component or protective element.

NOTE When this type of system outlet is used for back-powering, basic insulation according to IEC 60950-1
should be implemented to prevent the power from reaching other outlets.

The protection shall be provided by equipotential bonding as in 10.2.3.
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10.3 Transfer point

This device can also provide varying degrees of protection against electric shock (shock
currents), depending on the elements incorporated. The same requirements as for the system
outlet are applicable.

NOTE Fully isolated transfer points, in case of improper design, can radiate or pick up inadmissible high-
frequency energy. Therefore, compliance with the requirements of IEC 60728-2 should be checked carefully.

11 Protection against atmospheric overvoltages and elimination of potential
differences

11.1 eneral

These protection requirements are intended, where no more stringent
protect|antenna systems, including satellite antennas against static
and lightning discharges.

The outer antenna system shall be so designed and instalted\that itwill wi ightning

discharge without danger of fire or separation of the ante ferm ‘ porting

structufe.

These protection requirements shall not be considere , i i ildings or

any othler structures.

The following cases are excluded from these i gquirements on the basis that the

increasfed risk of lightning strike due to the installati the antenna is negligible:

e antenna systems on hudildi i 3 a minimum distance of 2 m beJow the
rool covering or the\eaves 5 ,5m from the external building walls

(se¢ Figure 8);

e antenna syst ;
e antenna systﬁ} i single.dwelling installation and the risk of lightning $trike is
low|(see 11.2.3.%)

NOTE |

A single i stalla i defined as an installation in a single dwelling unit where the
summattioh™~aof \thexleakage cufrents of the STBs or home terminals and connected Elass I
deviceg d¢ € 3,6 mMAgys- A single Class Il device can have a maximum leakage

current 5 ARiys ©or 0,5 mAg, g for devices covered by IEC 60950-1 and IEC|60065,
respecfiively.<Fhe-touch current hazard, safe let-go threshold current (defined in IEC|60990)
shall bg £3,5 mAg\ s as per the "touch voltage" requirement in IEC 60950-1. The maximum
allowahle.summation of leakage current for connected devices is therefore 3,5 mAgyg before
equipotential bonding becomes mandatory.

Antennas shall not be installed on buildings having roofs covered with highly flammable
materials (e.g. thatch, reed-like material etc.).

Antenna cables and earthing conductors shall not be laid in areas used for the storage of easily
ignitable materials such as hay, straw and similar substances, or in areas in which explosive
gases can develop or collect.

For large antenna systems, such as AM broadcasting receiving antennas, it is recommended
that an overvoltage protective device to a bonding conductor is incorporated.

The use of shield wires to protect installations with coaxial cables is described in informative
Annex B.
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IEC 1148/10

NOTE 1
possibilif

a height of 45 m (for LPS Class Ill) due to the

NOTE 2

enna-outdoor-mounting
arthing is not mandatory

11.2

11.2.1 ethods for protection of antenna systems

Figure A serves as decision tree to select the appropriate method for
protecting the ‘ante stem” under consideration. The decision tree has four output$ which
belong yr.Sotutions for installation of the antenna system, described in Table|2. It is
importa i tween the responsibilities of the antenna installer (solid line boxes in

Figure P) anditheresponsibilities of the LPS installer (dashed line boxes in Figure 9).
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Table 2 — Solutions for protection of antenna systems

against atmospheric overvoltages

Solution Protection measures Related standards
1 Antenna system not directly earthed but connected
to an equipotential bonding system
1a In protected area of the building according to Figure 8 This standard
1b In protected volume of the existing or newly installed LPS; see | IEC 62305-3
Figure 10
1c In protected volume of external isolated ATS; see Figure 11 IEC 62305
and Figure 12
1d If lightning stroke risk R < tolerable risk Rr; see Figure 15 IEC 62?0/53\
2 Antenna system directly earthed and connected
to an equipotential bonding system Q\
Building without an LPS and no data applicable or available his ‘standar,
for risk calculation; see Figure 14 /\
3 Antenna system connected to an equipotential bonding \ \/
system and with connection to an LPS \
Building with an LPS; antenna mast serves as non=iso @\ E 653@5/
air-termination system (ATS); see Figure 13 This standard
4

Antenna system without connection t n\e{g?p tential
bonding system an}l\not dir%m e /\

N
Installation in protected area-of a single dwelling unit an}‘!’/or
single dwelling installations actording ton] 1.1

This standard

NOTE For installations covered by solution 4, it'is nonetheless ‘stro
equipoteptial bonded.

(@RN

ly recommended that the system is

11.2.2

If the b
with an
use a
series
the skil

If a prg
size of
LPS in
installati

If neither of.the above

mentioned installation principles are possible, the antenna mast,
metal ipstallation, shall be connected to the building's LPS via the shortest possible p

staller)
m is to
62305
ned by

to the
[ by the
f such

being a
bth and

using an earthing conductor as specified In _11.3.2 (solution 3 In Table 2Z). In this case the
antenna mast may be extended in length to form a non-isolated air termination system and
shall fulfil the requirements of 5.2 of IEC 62305-3:2006 for an air-termination system. It is
assumed that the antenna system and its mast are able to withstand a lightning stroke.

An example of this kind of installation is shown in Figure 13.

The separation distance S, shown in Figure 10, Figure 11, Figure 12 and Figure 13, between
each ATS equipment and the LPS and all LPS connected parts shall meet or exceed the
required value (see IEC 62305-3).
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L

5 5

7

S
:

1l
a

IEC 1150/10

Mains supply ( \/\ /

Main earthing bar

3a, 3b |Equipotential’b ing bars \-) 4, 4a, 4b  Protective bonding conductors (minipum
cross section according to 6.2 c)

5 Earth Bonding.cend ctor\@ 16 mm2 Cu) 6 External earthing conductor of the byildings
aceording to 1 1.33 LPS (e.g. 250 mm? Cu, solid round,
{8\ \ according to IEC 62305-3)

7 Earth~terminal \/ 8 Protective conductor (PE)

9 Foundation<earth \gectrode 9a LPS earth electrode

10 Mains_gower distfibution box with SPD 11 Home distributor (HD)

12 |Interception rod 13 Protected volume by isolated LPS (skee

IEC 62305-3)
S Separation distance according to IEC 62305-3
NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of the headend

with the protective bonding conductor 4a can be a temporary installation to ensure safety during equipment
replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is either
performed via the metallic equipment enclosure or by an additional protective bonding conductor 4.

NOTE 4 The example refers to Table 2, solution 1b.

Figure 10 — Example of equipotential bonded headends and antennas
in a protected volume of the building LPS
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LPS
Insulating “
distance holder .

LPS
Wing

7
IEC 1151/10
1 Mains supply 2 Main earthing terminal
3a, 3b |Equipotenti \-) 4, 4a, 4b Protective bonding conductors (minimyim
cross section according to 6.2c)
5 Earth bondin nd ctor\(xi}m mm2 Cu) 6 External earthing conductor of the buildings
d|n to LPS (e.g. 250 mm? Cu, solid round, a¢cording
to IEC 62305-3)
7 Ear\h\t\rrml \/ 8 Protective conductor (PE)
9 Foundati&w\e@rth @ectrode 9a LPS earth electrode
10 Mains_power distfibution box with SPD 11 Home distributor (HD)
12 IInterception rod 13 Protected volume by isolated LPS (se¢
IEC 62305-3)
S Separation distance according to IEC 62305-3

NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of the headend
with the protective bonding conductor 4a can be a temporary installation to ensure safety during equipment
replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is either
performed via the metallic equipment enclosure or by an additional protective bonding conductor 4.

NOTE 4 The example refers to Table 2, solution 1c.

Figure 11 — Example of equipotential bonded headends and antennas
in a protected volume of the building LPS
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i LFS
LPS g Insulating
Insulating Mistance holder
distance holder 13 -~

1 ‘
o
b 4b N
AN ) l/‘: il
/ IEC 1152/10
1 Mains suppw 2 Main earthing bar
3a, 3b |Equipotential ing bars 4, 4a, 4b Protective bonding conductors (mininum
cross section according to 6.2 c)
5 Earth bondti ondyctok (e.g>> 16 mm? Cu) 6 External earthing conductor of the byildings
according to 2 LPS (e.g. = 50 mm?2 Cu, solid round,
N according to IEC 62305-3)
7 E}fh\teh’r}Q':ﬂ\ ) 8 Protective conductor (PE)
9 Founda%n\earth\%lectrode 9a LPS earth electrode
10 Mains_power distribution box with SPD 11 Home distributor (HD)
12 Interception rod 13 Protected volume by isolated | PS (see
IEC 62305-3)
S Separation distance according to IEC 62305-3

NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of the headend
with the protective bonding conductor 4a can be a temporary installation to ensure safety during equipment
replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is either
performed via the metallic equipment enclosure or by an additional protective bonding conductor 4.

NOTE 4 The example refers to Table 2, solution 1c.

Figure 12 — Example of equipotential bonded headends and antennas
in a protected volume of an external isolated ATS



https://iecnorm.com/api/?name=d6dd6d5e876b81866c0e1874d11097d4

60728-11 © IEC:2010(E) -39-

b

|
!h |
Responsibility of
Q | qualified LPS installer
| |
J -

LPS
of the building

L|— <3

L ]
L

I

|

K I—=T—1—1—1--1—1 :
P RN <

|
N
2

|

|

IEC 1153/

(=)

1 Mains supply < \/\ 2 Main earthing bar

3a, 3b Equipotenti&)\d\%%\rs\\-/ 4, 4a, 4b  Protective bonding cor21ductors (minimum
cross section 216 mm< Cu)

5 Earth b nding\cﬁiu tor ( 216 mm? Cu) 6 External earthing conductor of the bgildings
according, to ¥118. LPS (e.g. 250 mm? Cu, solid round,
according to IEC 62305-3)
N

7 EarthWal 8 Protective conductor (PE)
9 Fouridation earth€lectrode 9a LPS earth electrode

10 Mains power distribution box with SPD 1 Home distributor (HD)

S Separation distance

NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of the headend
with the protective bonding conductor 4a can be a temporary installation to ensure safety during equipment
replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is either
performed via the metallic equipment enclosure or by an additional protective bonding conductor 4.

NOTE 4 The example refers to Table 2, solution 3.

Figure 13 — Example of equipotential bonded antennas (not installed in a protected
volume) and headend with direct connection to building LPS
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The outer conductors of all coaxial cables coming from the antennas (see Figure 10, Figure 11
Figure 12 and Figure 13) shall be connected to the mast via a protective bonding conductor
having a minimum cross-sectional area according to 6.2c.

NOTE 1 To ensure the maintenance of protection of an LPS when an antenna system is installed, the LPS should
be inspected according to IEC 62305-3:2006, Clause 7.

NOTE 2 For requirements in Japan, see D.10.2.
11.2.3 Building not equipped with an LPS

11.2.3.1 General

Where |the risk due to lightning is less than the tolerable risk accord 2.8.2, for
individdal receiving systems and MATV or SMATV systems confined to o tection
againsf lightning is not mandatory unless required by local regulations ((but nenetheless
strongly recommended). As examples, cases described in 11.2 t hall be
considgred as shown in the decision tree of Figure 9 and in Tabl

For Cages B, C and D the risk assessment of the building”wi [ tem ghall be
performed accordlng to IEC 62305-2; the simplified softwa EC 62305-2:2006)
should be used as a minimum.

NOTE HKor requirements in Germany, see D.10.1.
11.2.3.2 Tolerable risk

Identifying the maximum value of the ris i sank ildi lerable
risk“) is i ) ailable
by loca able 7

loss of human life or p
loss of [service to the p

loss of [cultural

Computer program le risk.
Annex | of IEC 6230 C i ifi i ctures.

This sqftware can assis order to evaluate the lightning risk R of the complete
building inclydi e 8 installation and compare it to the tolerable risk Ry. However,
difficult he'c ated according to IEC 62305-2.

Examples © S ion.of the risk due to lightning using the simplified software for risk
assessment for ruct es described in IEC 62305-2:2006, Annex J are given in Annex C.

11.2.3.83.5/Case A — Bonding required without LPS

If the building is not equipped with an LPS conforming to IEC 62305, and

e LPS is not mandatory by local authority regulations or
e risk assessment data are not available or not applicable,
the mast and outer conductors of the coaxial cables shall be earthed as specified in 11.3.2.

This is shown as output 2/solution 2 in Figure 9 and in Table 2. However, risk assessment is
always recommended.

An example of earthing and equipotential bonding according to this solution 2 is shown in
Figure 14.
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11.2.3.4 Case B - Bonding required without LPS
If the building is not equipped with an LPS conforming to IEC 62305, and

e LPS is not mandatory by local authority regulations or

e the risk of the building with antenna systems due to lightning was calculated
(according to 11.2.3.1) and is below or equal the maximum value of risk which can be
tolerated,

protection against lightning is not required. This leads to output 1/solution 1 in Figure 9 and is
described as solution 1d in Table 2.

NOTE Hor requirements in Germany, see D.10.1.

An exa igure 15.
The o cted to
earth v
11.2.3.p
If the b of the
building and is

above
IEC 62

ling to

These
are de
measuf

pxpert),
ditional

e SPI
e scrg¢ening for inco
e firelextinguishers.
If after consideri@
obtaingld, this proyis
output i

can be
ads to

NOTE 1

NOTE 2

11.2.3.6

If after|considering the placement of these provisions the condition R > Ry is still vglid, the
installation of an LPS by a skilled LPS installer is required before installing the antenna system.

After the installation of the LPS the requirements of 11.2.2 apply for the antenna system.

NOTE To ensure the maintenance of protection of an LPS when an antenna system is installed, the LPS should be
inspected according to IEC 62305-3:2006, Clause 7.
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F W |

Tt

=
A

S e 3b

: /\(®
—
=== =] ]|
a a1 \

N

=

-l

9

Q &-- T > - 7

7 7

1 \Maiﬁ su}v\ply 2 Main earthing bar

3Ja, 3b EqWI bonding bars 4, 4a Protective bonding conductors
(see 6.2c)

5 Earth bonding conductor (e.g. 216 mm? Cu) 6 External earthing conductor,

GU\JUId;Ily tU 11.3.2 \IU.H. _13 IIIIII2 CU, auuuld;llg t\_

11.3.2)

7 Earthing terminal 8 Foundation earth electrode

8a Earth electrode 9 Protective conductor (PE) if
required

NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of
the headend with the protective bonding conductor 4a can be a temporary installation to ensure
safety during equipment replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing
and contacting the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is
either performed via the metallic equipment enclosure or by an additional protective bonding
conductor 4.

NOTE 4 The example refers to Table 2, solution 2.

Figure 14 — Example of equipotential bonded headend and earthed antennas
(building without LPS)
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aqaa g 4¢
e A—1==1--1--1—1--1—NK 1]+

T
EEE 11— L1k}
q a

b

//

IEC 1155/10

1 %iwpk \ 2 Main earthing bar

3a, 3b Equipetential bending bars 4, 4a, 4b, 4c  Protective bonding conductors
according to 6.2c

5 Foundation earth electrode

NOTE 1 The equipotential bonding bar 3a connecting the outer conductors of the output cables of the headend
with the protective bonding conductor 4a can be a temporary installation to ensure safety during equipment
replacement.

NOTE 2 The equipotential bonding bars 3a and 3b could be either metallic bars for directly fixing and contacting
the sheath of the coaxial cables or a block of double sided F connectors.

NOTE 3 The bonding connection between the headend equipment and the metallic mounting bar is either
performed via the metallic equipment enclosure or by an additional protective bonding conductor 4.

NOTE 4 The example refers to Table 2, solution 1d.

Figure 15 — Example of bonding for antennas and headend
(building without LPS and lightning risk lower than or equal to the tolerable risk)
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11.3 Earthing and bonding of the antenna system

11.3.1 Internal protection system
11.3.1.1  General

If the risk due to lightning is greater than the tolerable risk, an internal protection system shall
be provided.

The internal protection system is complementary to the external protection system and has the
task to avoid dangerous discharges. This system is made of equipotential bonding connections
(directly or by means of overvoltage discharge limiters/surge protective devices (SPD)) placed
betweepn

o thelexternal protection system,

e thelexternal and internal metallic parts,

e thelexternal and internal electrical circuits.

Overvoltages induced in the coaxial cables of a cable network generate sparks With fire
risk. By use of an internal LPS, dangerous sparking betwee S parts>within a building
can be [avoided by

e equlipotential bonding by connecting the sheg ‘ bté and the body [of spur
feedlers at each floor to the next equipot i achieve slender lpops of
equjipotential bonding,

e elegtrical insulation (IEC 62305-3:2006
e seppration distances between the ponents of the cable system, other
conductive parts of the building and ipme

The inf d shall

comply

11.3.1.

To ach i t"capability, the sum of all cable shield cross sections
has to allation
of addifi etween

the coaxi | these
conductors parall

Additiopal dise ase of
lightning e.0r i

The s y using

appropriate equipment. The mounting instructions of the manufacturer have to be considered
as well as the above mentioned installation rules.

11.3.2 Earthing conductors

In accordance with EN 50164-1 and EN 50164-2 terminals and wires shall be so designed to
withstand lightning currents.

The earthing conductor shall be installed straight and vertical such that it can provide the
shortest, most direct path to the earth termination system.

A suitable earthing conductor is a wire having a minimum cross-sectional area of not less than
16 mm2 Cu insulated or bare, or 25 mm?2 insulated Al or 50 mm2 Fe. Only materials, which do
not show a corrosive behaviour towards each other, shall be used.
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Fine-wire conductors shall not be used as earthing conductors. They are only allowed for
conductors not carrying lightning currents.

If the earthing conductor can be touched or is installed in a place where persons can be
present in high number or for a long period of time, protection against direct contacts shall be
required. For this purpose, it is sufficient to install the earthing conductor inside a protective
tube (PVC, 3 mm thick).

Natural components can be employed, for example in (see Figure 17):

e metallic installations provided that

oecalraaulatione-allow it
SCatTegurattontS—aowWw—t;

— the electrical continuity between various parts is made durable,

— fheir dimensions are at least equal to those specified for standa ctors;
NOTE 1 According to IEC 60364-5-54 metallic water pipes do genera hents as
protgctive conductor.

e the|metal framework of the structure;

e thelinterconnected steel of the structure;

o facade elements, profiled rails and sub-constructi
- ckness
- secure

The fol
e pro
e the

NOTE 2
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NI
R

of the building

3blnc=a —

I

kR I=1—1—1-

%
40
{/W

)

7 N
7 ////7

W IEG 1156/10
1 \{\Qainaly ) 2 Main earthing bar
3, 3a, 3H Equipetential honding bars 4, 4a, Protective bonding conductors (e.g. 16/mm?
Cu, solid round, according to IEC 62305}3)
4c Earth bonding conductor (e.g. 216 mm? Cu) | 4d Additional discharge conductors (e.g. >16 mm?
according to 11.3.2 Cu. solid round. according to IEC 62305}-3)
5 External earthing conductor of the buildings | 6 Earthing terminal
LPS (250 mm? Cu) (see IEC 62305-3)
Foundation earth electrode 7a Earth electrode of LPS
Protective conductor (PE) 9 Mains power distribution box with SPD
10 Inhouse earthing conductor or solid tape 11 e.g. terminal, fixed earthing terminal or other
conductor, e.g. ring protective bonding reliable equipotential bonding equipment
conductor (see IEC 62305-3)
S Separation distance (see IEC 62305-3)

Figure 16 — Example of protecting an antenna system (not installed in a protected
volume) by additional discharge conductors (R > Ry)
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11.3.3 Earth termination system

The earth termination system shall be provided by one of the following methods as shown in
Figure 17:

e connection to the building's earthing system;

e connection to

— a minimum of two horizontal earth electrodes of at least 2,5 m length buried in an angle
larger than 60°, at least 0,5 m deep and not closer than 1 m to the foundation, or

— a vertical or inclined earth electrode of at least 2,5 m length or two vertical earth
electrodes of at least 1,5 m length with a spacing of 3 m and not closer than 1 m to the
oundatiorn:

NOTE 1 | For requirements in Japan, see Clause D.12.
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IEC 1157/10

Figure 17a — Conductor in building
foundations

: 0,5m

IEC 1159/10 IEC 1160/10

17¢c™- Steel strip ° Figure 17d - Structural steelworks

minimum distance 1 m from wall and foundation

Key
@) Earthing terminal #it Armour / steel construction

Figure 17 — Examples of earthing mechanisms (minimum dimensions)

The minimum cross-sectional area of each earth electrode is 50 mm2 copper or 90 mm2 hot-
dip galvanized or stainless steel. More details can be found in IEC 60364-5-54.

Natural components such as interconnected concrete reinforcing steel or other suitable
underground metal structures, incorporated in the building's foundation and whose dimensions
comply with the above-mentioned limits, can also be employed.

Other earth termination systems according to IEC 62305-3:2006, 5.4 and E.5.4, are also
recommended.
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NOTE 2 An earth termination system can also be obtained with a conductor forming a loop external to the
perimeter of the structure, grounded at least for its 80 % of length.

11.4 Overvoltage protection

Induction can introduce high voltages at transfer points, system outlets, at the headend of the
cable network or at the input of subscriber equipment. Protection can be achieved for example
by equipotential bonding via surge suppressors. Examples are shown in Figure 18 and in
Figure 19.

A f—

IEC 1161/1p

1 Protdcted part 2 Metallic shield of the coaxial cable connectéd to the
antenna mast (n water prnnf solution-shall be
selected)

3 Coaxial cable 4 Subscriber terminal

5 Overvoltage protective device 6  Earthing conductor

7 Main earthing bar 8 House connection

NOTE These kinds of overvoltage protective devices could be installed also in front of terminal equipment used in
multi-dwelling units.

Figure 18 — Example of an overvoltage protective device for single dwelling unit



https://iecnorm.com/api/?name=d6dd6d5e876b81866c0e1874d11097d4

-50- 60728-11 © IEC:2010(E)

2
2 |°_

o

R 7 £ ﬂgQY 0
v

<> M IEC 1162/10

1 |Headend 2 Coaxial overvoltage protective device

3 |Protective b@d\l‘r*g\c\ond tor ) 4 Transfer point
5 [Main em\k@r
e 19 —= Exam IeMpplication of a coaxial overvoltage protective device
for multiple dwelling unit

12 Mechanical ility

12.1 General requirements

This standard deals only with the mechanical stability of outdoor antenna systems, including
satellite antennas.

All parts of the antenna system shall be so designed that they will withstand the maximum wind
forces defined below, without breakage and without any of the components being torn away.

12.2 Bending moment

For antenna systems with masts up to a maximum free length of 6 m, as shown in Figure 20,
the bending moment at the fixing point shall not exceed 1 650 Nm. The wind load of the mast
shall be included. The fixed part of the mast shall be at least one-sixth of the full length.
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Key

a, distance of antenna number i from the fixing point of the mast
My, bending moment of antenna number i

M, sum of bending moments of all i antennas and of the mast

w wind load of antenna number i

NOTE 1 Where the length is greater than 6 m or where it is anticipated that this bending moment will be exceeded
or if other fixing methods are used, the services of a qualified person who can guarantee the safety of the structure
and/or building should be employed. Local regulations can require that the stability of the specific area where the

mast is attached to the building is verified.
NOTE 2 For requirements in Japan, see Clause D.13.

Figure 20 — Example of bending moment of an antenna mast
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12.3 Wind-pressure values

For the purpose of establishing mast loadings, the following values can be used in the absence
of specific local regulations.

e If antenna systems are established within 20 m of ground level, the value of p (wind
pressure) shall be assumed to be 800 N/m2 (wind speed 36 m/s or approximately
130 km/h).

e If antenna systems are established higher than 20 m above ground level, the value of p
(wind pressure) shall be assumed to be 1 100 N/m2 (wind speed 42 m/s or approximately
150 km/h).

NOTE 1 [For requitements I Fintand, see clause D.14.

The wind load on the antenna shall be calculated as follows:

W=cpA

where
W is the wind load, in Newton;

¢ is the load coefficient;

p is the wind pressure, in Pascal (N/m?2);

A is the component area, in square .
The cogfficient ¢ to be used is 1,2.

NOTE 2
value is gssumed, for example;

— for a w|nd speed o@/s 160 km/h),\the
— for a wind speed of ?

The bepding mom

pressure

where
My, he L g moment, in Newton metres;

Wy, Wol ...

aq, ag, | .« is the mast length from the antenna to the fixing point, in metres.

12.4 Mast construction
Where the mast is constructed from steel, the steel shall have a guaranteed extension limit and

the maximum loading shall not exceed 90 % of the extension limit (0,9 By ,) so that the mast
being overloaded does not break but only buckles.

The minimum wall thickness of the mast in the fastening area shall be 2 mm.
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12.5 Data to be published
The antenna manufacturer shall publish the following data for a wind pressure of p = 800 N/mZ2:

a) the wind load of the antennas;
b) the maximum bending moment of the masts at the fixing point.

NOTE To convert the wind pressure of p = 800 N/m2 to p = 1 100 N/m2 the factor is 1,37
(derived from 1 100 / 800).

@%
o
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Annex A
(informative)

Earth loop impedance

A.1 General

The earthing and equipotential bonding of systems and equipment performs two vital roles.
Firstly, it provides a path for static and leakage currents to discharge safely and thus avoids
the build-up of dangerous voltages beftween equipment and earth potential: second role is
more cfitical in that it provides protection for subscribers, personnel working on)or externally
inspect i ipment that
would ¢

A.2

It is no ent. By
definitipn, Class Il equipment cannot introduce earth faults and Cta i i ptected
by its 0 i ion: ‘ h ough a cable network
system ' gmple a
street ¢ aller to
ensure

The ove is small
enough so that sufficient a fault to ensure that any protective

device,[such as a fuse or Ci fore any dangerous shock can ofcur.

The m4dxi PAME be calculated from Ohms Law

where

U is thg to\the equipment operating under fault condition and
I; is the rent required to cause operation of the protective disconnection
device.

The valuge of If depends upon the type and operatmg characterlstlcs of the protectlve device

i v A cal code
regulations but typ|cally may have two values. In the Unlted Klngdom for mstance a value of
0,4 s is specified for portable equipment connected via a system outlet (where the equipment
could be tightly grasped) and 5 s for fixed equipment where lighter physical contact is more
likely. Having defined the required disconnection time the value of /; can be obtained from the
published time/current characteristic of the protective device.

The value of U is normally considered constant but care shall be taken to ensure that the
calculation takes into account any voltage reduction or ‘droop’ caused by the excessive
currents flowing under fault condition.

Note that U is often the supply voltage leading to significantly different values of Z.,, in
different parts of the world; Z,,, will be less than half the value in a 110 V system compared
with one fed by 230 V.
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In some cases it may be impossible to achieve the necessary earth loop impedance when
using conventional fusing and a residual current device (RCD) may have to be incorporated in
the system supply.

A.3 Earthing to protect against hazardous touch voltage

Equipotential bonding is designed to avoid dangerous potential differences occurring between
exposed conducting parts of any equipment or services (e.g. water pipes) within the
installation. In addition to the equipotential bonding requirement there is also a need to ensure
that the whole bonded structure does not have a significant potential above that of the local
earth. This may be caused by the build-up of static due to atmospheric conditions or the
inheren i . istance is
therefore a vital factor in ensuring that no hazardous touch voltage the)ponded
structure.

Leakage
current
generator

IEC 1163/10

If a ge
bonde

A, is considered the touch voltage of the equipptential
45 V. If a design value of 35V is assumed then the

maximuym value h.Joop impedance is 10 kQ for a leakage current of 3,5 mA. This
is easily ac the methods detailed in 11.3.3. Generally, values [of this
magnitiide™c TelN¢ onsidered to be effective against the build up of static load|due to

Note that ,a“single Class Il device may have a maximum inherent leakage curfent of
0,25 mAgys-or 0,5 mARys for devices covered by IEC 60950-1 and IEC 60065, respgctively
and, whilst”equipotential bonding is not obligatory, it is still recommended. The touch |current
hazard, safe let-go threshold current (see Clause A.4 ) shall be less than 3,5 mAgys as
defined in IEC 60950-1 and, therefore, the maximum summation of leakage current for
connected Class Il devices must not exceed 3,5 mAgys, otherwise equipotential bonding is
mandatory. For methods of measurement see IEC 60065 and IEC 60950-1.

However, in a large cable network, composed of many Class |l pieces of equipment (amplifiers,
set-top boxes, television sets and video recorders all contributing to the total leakage current)
the requirement on maximum earth loop impedance may become significantly more difficult to
meet. With 1 000 connected pieces of equipment (possibly 0,5 A total leakage), the earth loop
impedance shall be less than 70 Q. It must be emphasised that this example applies only to the
cumulative inherent leakage of Class Il devices and not to fault currents as discussed in
Clause A.2.


https://iecnorm.com/api/?name=d6dd6d5e876b81866c0e1874d11097d4

- 56 - 60728-11 © IEC:2010(E)

A.4 Temporary safety measures

Where a system comprises Class Il equipment and is not equipotential bonded an induced
voltage can be present on the screen of the coaxial cable (see Clause A.3). Even with an
equipotential bonded system care shall be taken when installing and servicing the system to
ensure that bonding continuity is maintained. In general, the risks to service persons may be
minimised by the temporary use of a functional earth between the screen and the earthing
arrangement of the electrical installation.

Two levels of reaction to voltages present on exposed metalwork may be considered.

a) The touch hazard reaction (defined in IEC 60990) occurs for leakage ts greafer than
0,25 mA and may induce momentary muscle reflex. Whilst not I|ke dium to
long term physiological problems, the initial loss of control is pa tant when
the[service person is working in an exposed position, for exampgle [ ight, off a

ladgler under wet conditions, etc. The risk can be minimised i ctional
earth to lower the induced voltage on any exposed metalwafk. Servi king on
such an installation should either

e |satisfy themselves of the continuity of a local main arthCa use thgt earth
connection to minimise any induced voltage 2 d on the antenna
installation by making a temporary bond,

e |isolate from the mains supply all deV| C ith the
antenna installation such that the g ibili the presence of an induced
voltage and no touch currents;

e |apply a functional earth to the sys

b) Thdg touch current hazard old current) defined in IEC 60990 is the [level at
whi¢ch it may not be i ) O person to remove or let go contact with the
exppsed voltage h current below the safe let-go thfeshold
curfent is taken a \ C 60950-1. For simple installationg where

equlipotential bonding ‘is esent, the number of interconnected items of (lass Il

equjipment ye li e aggregate leakage current does not |exceed

3,5 mARMS

Forli i icing.of installations the service person should either

e [functionally_e ' tribution amplifier and / or each of the coaxial cabl¢s at a

e |[functi R h one of the coaxial cables at a convenient location providing that there
is a low(impedanceé path from the cable chosen to all other cables in the installation,

e |ensare thatany temporary bonding arrangements (for instance those shown in| Figure
100 Figure 15 and explained in NOTE 1) are present and in use.

A functional earth may be connected to the earth of an electrical supply radial (including a
lighting circuit), a ring final circuit or directly from a building main earth terminal. In any case,
for robustness, the minimum cross sectional area of this temporary conductor should be not
less than 1,5 mm2 but preferably 2,5 mm2 and should be sheathed.

Where part of the functional earth path relies on the connector of a coaxial cable that
connector should be terminated in a permanent and robust manner.

Before starting the installation, installers should satisfy themselves of the continuity of a local
mains earth.
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Annex B
(informative)

Use of shield wires to protect installations with coaxial cables

General

Cabinets containing amplifiers and/or other coaxial equipment are often widely spread in the
terrain. In areas with high specific earth resistance between such installations, special

wires,

This wi harges
from ng
B.2
Shield of the soil in which the
cables pre buried in is as specified (see also Table

p <[00 Qm

p =[100 to 1 000 Q@m

p =[1000 to 3 000 Qm i i ouring or two shield wires are ngcessary
p >3 000Qm laid inipe are necessary
Shield wires are laid o § e or possibly alongside the cable.

GT le B. of different types of soil
Type of soil and/water \\e) Typical Limit of
cific resistance values specific resistance value
Qm Qm

Sea water \ 2 0,1to 10

clay [« W 40 8 to 70

Subsoil wa%r\\ N 50 10 to 150

Mixture pf clay<an nd > 100 4 to 300

Shale, dandstone, etc. 120 10 to 1000

Moist claysoit;torf 1560 5t 2560

Fresh water 250 100 to 400

Sand 2 000 200 to 3 000

Moraine gravel 3 000 40 to 10 000

Granite 25 000 10 000 to 50 000
Ice/frozen soil 100 000 10 000 to 106
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B.3 Protective measures against direct lightning strikes on under ground
cables

Shield wires generally consist of galvanised steel wire with a diameter of 8 mm. Other
materials or diameters are also possible, for example in the area of corrosion protection.

Lightning protected cable is generally a telecom cable with a semi-conductive plastic sheath in
combination with a metal screen.

Steel tubes generally consist of galvanised steel. It should be assumed that interruptions at
cable collars are kept as short as possible. The interruption should be bridged by either a
closed metal jacket or at least three shield wires by a cage arrangement, each with an offset of
120° to|the others.

Lightning protection cable ducts are generally armoured concrete du ductive

metalli¢ ducts.

The values in Table B.2 give an overview over typical level ¢f p
protection means, Kp = 1 representing none protection.

Table B.2 — Protection factors (Kp) 'o
against direct lightning strokes

f{‘,’,7 .
Protection means (N RS

¥

>

type of

One shield wire \ \ \
Two shield wires A

Lightning protection duct ( (N

Lightning protecty/\&gble \ \ 0,02

Steel tube V 0,01

If a magre accur
calculajed by the folto

can be

where (see
r14 is the mean radiusof the sheath,

r1o is the distance between their axes,

9o is the radius of the shield wire.
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Figure B.1 — Principle of single shield wire

ation for the protection factor using two shield wires is the fo
Ig 712
- 2
Kp 2 "2 >(
| "12
g { {
41722

see Figure B.2)
the distance between the axis o ble g
the mean radius of the sheath,
P - rqq h)0,5’

Z'}"zz'h"b'by

the radi@th
the burie C

ane of the shield wires,

e with res

h/
Earth b

92 ro2 Shield wire

Shield wire

’ Cable sheath

11
IEC 1717/04

Figure B.2 — Principle of two shield wires

pect to
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Examples of calculation of risk due to lightning

C.1 General

The examples presented are referred to MATV/SMATV antenna installations, using the
simplified software described in Annex J of IEC 62305-2:2006 and showing the settings of the

main pa+rameiers-

C.2 Examples

C.2.1 (Example No. 1

The firgt example (Figure C.1) considers a structure (buildir
placed [in an urban environment where the number of da
(the mgximum estimated value in Italy), being isolated,

e length: 35 m,
h: 20 m
| height: 45 m with the antenna:

e wid

o tota

#* IEC Risk Jissessment Calculator
Eile

Project: PROJECT 1

Options | Library Help

house)

g dimensipns:

S "s D

N
év@wlce L

Unscreened

No Transformer hd

Length of stgucture [m]:
‘width of strdcture ()

Height of rogf plane [m)*

Height of highest roof protrusion (]
* Measured from the ground
Collection arpa [mz]:
5 *s Attrib

Rizk of phwzjcal damage (incl. fire) \ow _.J
Stucture scieening effech - x>hel Underground Services:
ﬂ Mumber of conductive services:

Type of external cable:

Humber of chndutfive services:

0 |
Unscreened hd

Intemnal wiring type:

AN

Location fachor:

0 |
Unscreened hd

Ervironmentsl factar:

Mumber thurjderdaps:

N

Class of LPS: NoLPS -
Annual groupd lashdénsity: 4.0 flashes/km2 e s e | Step/touch potential loss factor [Ny shack risk
- Anual suzien): >

Types of Loss:
Type 1 - Loss of Human Life:

Average panic lev
Other structures
Moot relewant

Type 2 - Loss of Essential Public Services:

Mo service exist
Services lost due to overvoltages:  [g service aist

Type 3 - Loss of Cultural Heritage:

Ma heritage wal

Special hazads to life:
Life lozs due to fire:

Life lass due to overvaltages:

]

Services lost dus to fire:

N

Cultural heritage lost due to fire:

Type 4 - Economic Loss:

Special hazards to economics:

Na special hazard)
Other structures
Ecanamic loss due to overvaltage: | 0her stuctures

Economic loss dus to fire:

Wiew isokeraunic map: Surge protection:

Wiew Map Na protection -

- Calculated Risks:
Tolerable Risk Direct Stike Indirect Strike Calculated
fRH Risk (Rd] Risk [Ril Risk (R
Loss of Human Life: [1.00E-05 =» [6.15E-06 + [2.05E-0B = |8.20E-08
Lass of Public Services: [1.00E-03 =>  |0.D0E+00 + |0.00E+0D = [0.00E+00
Loss of Cultural Heritage:  [1_n0E-03 => [0.00E+00 + [0.00E+00 = [0.00E+00
Economic Logs: [1.00E-03 =» [3.55E-05 + [9.25E-05 = [1.20E-D4

Project: PROJECT 1

Tualerable risk of economic loss

Caloulations

Toolips: O | Database: v1.0.0 | Map: ITALIAN

e ||

1 in 1,000

The IEC lightning rizk azsessment calculator iz
intended to azzist in the analyzis of varous
criteria to determing the sk of lozs due to
lightring. [t is not possible to cover each special
design element that may render a structure
mare of less susceptible to ightning damage. In
special cases, perzonal and economic factors
may be very important and should be
considered in addition to the assessment
abtained by uze of this tool. |t iz intended that
this tool be uzed in conjunction with the wiitten
standard IECE2305-2.

17410/2008

NOTE This template is presented in Annex J of IEC 62305-2:2006.

IEC 1164/10

Figure C.1 — Template for calculation of the risk due to lightning (Example No. 1)
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