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1
Scope and objective

The scope of this Guide is to present an overview of ITU-T documents produced by Study Group 5, which provide information on measures to achieve electromagnetic compatibility for telecommunication equipment and installations. ITU-T K-series Recommendations and other relevant publications as indicated in Section 4 include information on:


calculation/estimation; 


testing/measuring;


resistibility/immunity;


emission;


protection/mitigation; and


safety.

This scope and the relationships between the ITU-T documents to be considered, and the responsible part of the ITU are shown in Figure 1.





Figure 1: Scope of the Guide and related responsibilities inside the ITU

The document is aimed at telecommunications equipment designers and operators and will also be very helpful for users in developing countries. The objective of this Guide is to help the user of ITU-T publications in selecting applicable documents.

2
Terminology and abbreviations

For the purpose of this Guide, the terminology and abbreviations from sections 2.1 and 2.2 apply.  For details of all the other terminology and abbreviations the user should refer to the Study Group 5 Vocabulary, a live document, based on the current K.series recommendations.  It can be obtained from http://www.itu.int/dms_pub/itu-t/oth/0E/02/T0E020000010001MSWE.doc.

2.1
Terminology

Basic Recommendations are Recommendations of a general nature, dealing with issues such as environmental classification, and/or they are phenomenon, test/measuring and calculation/estimation oriented. They are not related to any specific product.

Generic Recommendations are electromagnetic environment oriented Recommendations. They contain technical specifications relevant for all telecommunication equipment or installations intended to be used in a special electromagnetic environment.

Product related Recommendations are Recommendations that deal with the technical specifications and performance criteria for a product family of equipment (Product Family Recommendation), or for a specific product (Product Recommendation), in relation to the intended use in one or more defined electromagnetic environments.

Electromagnetic environment is the set of parameters, together with associated numerical values, defining the electromagnetic characteristics of an environment.

Emission is the phenomenon by which electromagnetic energy emanates from a source.
Immunity is the ability of a telecommunication equipment or installation to perform as intended without degradation in the presence of an electromagnetic disturbance.

Resistibility is the ability of telecommunication equipment or installation to withstand the effects of an electromagnetic environment without being damaged or without permanent degradation of performance or permanent loss of function.

Protection is the application of methods and means to achieve the required resistibility of equipment and installations.

Mitigation is the application of specific measures to achieve the required immunity.

Safety is the use of specific work practises and installation criteria to prevent any harm to human beings.

Low frequency phenomena are phenomena in the frequency range from 0 to 9 kHz, including those related to the power supply of telecommunications systems and interference effects from electric power and electrified railway lines.

High frequency phenomena are phenomena at frequencies above 9 kHz, related to a variety of sources internal to or external to telecommunication systems.

2.2
Abbreviations

CIGRE
Conférence Internationale des Grands Réseaux Electriques à Haute Tension

(The International Conference on Large High Tension Electric Systems)

EFT
Electrical fast transients

EMC
Electromagnetic Compatibility

EMF
Electromagnetic Field

emf
electromotive force

EPR
Earth Potential Rise

ESD
Electrostatic Discharge

GDT
Gas Discharge Tube

ICNIRP
International Commission on Non-Ionizing Radiation Protection
IEC
International Electrotechnical Committee

ISDN
Integrated Services Digital Network

ITU
International Telecommunications Union

ITU-T
ITU Telecommunication Standardization Sector

LCL
Longitudinal Conversion Loss

LEMP
Lightning Electromagnetic Pulse

LPZ
Lightning Protection Zone

PABX
Private Automatic Branch Exchange

PTC
Positive Temperature Coefficient thermistor

SNR
Signal-to-Noise Ratio

SPD
Surge Protective Device

UIC
Union Internationale des Chemins de Fer (International Railway Union)

3
Reference configuration




figure 2: Reference configuration

Figure 2 represents the reference configuration, where the different locations for telecommunication equipment and installations are shown: Telecommunications centres, outdoor locations and customer premises.

4
Electromagnetic compatibility requirements for telecommunication equipment and installations

4.1
General

Electromagnetic Compatibility (EMC) requirements for telecommunication equipment and installations need to be considered when designing/developing, planning, ordering, constructing and operating equipment and installations, intended for use in the given electromagnetic environment. EMC requirements include resistibility, immunity, emission and safety where appropriate.

Titles together with an abstract of K-series Recommendations and of other publications referred to in Tables 1 to 3 are listed in the Annex, Part A and Part B respectively.

4.2
EMC requirements for telecommunication equipment and installations in telecommunication centres and at radio installations 

This section applies to: 

–
switching equipment; 

–
transmission equipment;

–
power supply equipment;

–
network termination equipment;

–
complete telecommunication installations formed by such equipment, including internal cabling,


intended for use in telecommunication centres or at radio stations.

Table 1 shows K-series Recommendations and other publications to be observed or consulted in order to comply with EMC requirements taking into account the various electromagnetic phenomena that may be present in the environment of telecommunication centres. In some Recommendations a distinction is made between large and small telecommunication centres.

4.3
EMC requirements for telecommunication equipment and installations at outdoor locations 

4.3.1
Telecommunication equipment 

This section applies to transmission, multiplexing, cross connect, power feeding equipment and any other type of line equipment, e.g. repeaters, and to complete installations formed by such equipment, including the internal cabling, intended for use at outdoor locations. The equipment may be installed under ground in sleeves or boxes, above ground in street cabinets or overhead on poles.

Table 1 as referred to under 4.2 also applies for such telecommunication equipment and installations used at outdoor locations. 

4.3.2
Telecommunication lines

This section applies to all types of telecommunication lines, overhead or buried, with symmetric or coaxial pairs and optical fibre cables, intended for the use at outdoor locations. 

Table 2 shows K-series Recommendations and other publications to be observed or consulted to comply with EMC requirements taking into account the various electromagnetic phenomena that may be present in the environment where the telecommunication line is intended to be used.

4.4
EMC requirements for telecommunication equipment used at customer premises

This section applies to terminal and line termination equipment, intended for the use at customer premises. It applies also to any other line equipment as referred to in section 4.2 and intended for the installation in buildings other than telecommunication centres.

Table 3 shows K-series Recommendations to be observed or consulted to comply with EMC requirements taking into account the various electromagnetic phenomena that may be present in the environment of the customer premises where the equipment is intended to be used.

For large installations in customer premises (e.g. a large PABX), and if the local situation with respect to earthing and bonding is appropriate, the guidance for installations in telecommunications centres (see 4.2 above) may apply.

Table 1

Equipment and installations located in telecommunications centres, at radio installations or at outdoor locations

	Type and subject of
	Phenomena

	Publications
	power supply effects and low frequency interference
	high frequency effects
	EFT
	lightning
	ESD

	
	
	(safety, resistibility, immunity, mitigation)
	(immunity,
mitigation)
	(emission)
	(resistibility, immunity
	(resistibility,
immunity)
	(resistibility, immunity)

	Basic
	general
	K.26, K.34, K.44, K.53,, K.56, K.57, K.58, K.59
Directives Vol. I
	K.34, K.42, K.58, K.59
	K.42, K.58, K.59
	K.34
	K. 39, K.44, K.56
	K.34

	
	calculation/
estimation
	K.26,
Directives Vol II, III
	K.60, K.61, K.62, K.63
	K.60, K.61, K.62, K.63
	K.62, K.63
	
	K.62, K.63

	
	testing/
measuring
	K.26, K.44, K.54,
Directives Vol. IX
	K.60
	K.38, K.60
	
	K.44
	

	Generic 

	K.26, K.54,
Directives Vol. IV, V
	K.43
	
	K.43
	K.40, K.43, K.45 Lightning
Handbook
	K.43

	Product related
	transmission
	K.56, K.57
	K.48
	K.48
	K.48
	K.48, K.56
	K.48

	
	switching
	K.20
	K.48
	K.48
	K.48
	K.20, K.48
	K.20, K.48

	
	access network
	K.45, K.58, K.59
	K.48, K.58, K.59
	K.48, K.58, K.59
	K.48
	K.45, K.48
	K.48

	Publications concerning
	general
	K.11, K.26, K.64
Directives Vol. VI
	
	
	
	K. 11
	

	safety, protection or mitigation
	earthing/
bonding
	K.27, K.35,
Earthing Handbook
	K.27/K.35,
Earthing Handbook
	K.27/K.35/K.70,
Earthing Handbook
	K.27/K.35,
Earthing Handbook
	K.27/K.35, K.69
Earthing Handbook
	K.27/K.35,
Earthing Handbook

	
	protection or mitigation practice
	K.26,
Directives Vol. VIII

Mitigation Handbooks
	K.37, 

Mitigation Handbooks
	K.37, 

Mitigation Handbooks
	Mitigation Handbooks
	Mitigation Handbooks
	K.37, 

Mitigation Handbooks

	
	safety
	K. 7, K.26, K. 51, K.53, K.56, K.57, K.64
Directives Vol VII
	
	K.52
	
	K.69
	

	
	protection components
	K.12, K.26, K.28,
K.30, K.36,
Directives Vol. VIII
	
	
	K.36
	K.12, K.55, K.65, K.69
	


Table 2

Telecommunication lines at outdoor locations

	
	Phenomena

	Type and subject of Publications
	power supply effects and
low frequency interference
(safety, resistibility, immunity)
	high frequency induction
(immunity, mitigation, emission)
	lightning
(resistibility, protection)

	Basic
	general
	K.26, K.53, K.56, K.57, K.64
	K.23, K.34
	K.39, K.47, K.56, K.67

Lightning Handbook

	
	
	calculation/
estimation
	K.10, K.26, K.68

Directives Vol. II, III 
	K.18
	

	
	
	testing/
measuring
	K.10, K.26,
Directives Vol. IX, 
	K.24
	

	Generic
	
	K.26,
Directives Vol. I
	
	Lightning Handbook

	Publications concerning 
	general

	
	K.11, K.64
Directives Vol. IV, V
	K.18
	K.11, K.39, K.46, K.47

	protection or
mitigation
	protection practice
	overhead line pairs
	K.5, K.6,
Directives Vol VII
	
	Lightning Handbook

	
	
	buried cable with metal pairs
	K.8, K.13, K.14, K.19, K.29,
Directives Vol. VII
	
	K.29, K.46, K.47, 
Lightning Handbook

	
	
	optical fibre cable
	K.19, K.29
	
	K.25, K.29

	
	protection components
	K.12, K.36,
Directives Vol. VIII
	
	K.39, K.46, K.55, K.65

	Publications concerning safety
	K.9, K.26, K.33, K.50, K.51, K.53,
Directives Vol. VII
	K.52
	K.39


Table 3

Equipment located in Customer Premises

	Type and subject of
	Phenomena

	Publications
	power supply effects and
low frequency interference
	high frequency effects
	EFT
	lightning
	ESD

	
	
	(resistibility,
immunity, mitigation)
	(immunity)
	(emission)
	(resistibility, immunity)
	(resistibility, immunity)
	(immunity)

	Basic
	general


	K.26, K.44, K.56, K.57, 
Directives Vol. I
	K.34
	
	K.34
	K.56
	K.34

	
	calculation/
estimation
	K.26,
Directives Vol. II, III
	
	
	
	K.71
	

	
	testing/
measuring
	K.26, K.44, K.54,
Directives Vol. IX
	
	
	
	K.44
	

	Generic 
	K.54,
Directives Vol. IV, V
	K.43, K.49
	
	K.43
	K.43, K.66, Lightning Handbook
	K.43

	Product related
	K.21
	K.23, K.48
	K.48
	K.48
	K.21, K.48
	K.48

	Publication
concerning
	general
	K.11
	
	
	
	K.66, Lightning Handbook
	

	protection or mitigation
	earthing/
bonding
	K.31
	K.31
	K.31
	K.31
	K.31, K.66
	K.31

	
	protection or mitigation practice
	K.26,
Directives Vol. VII
	K.37
	
	K.37
	K.66, Lightning Handbook
	K.37

	
	protection components
	K.7, K.12, K.26, K.28,
K.30, K.36,
Directives Vol. VIII
	
	
	K.36
	K.55, K.65
	


Annex

Title and abstract of ITU-T Recommendations of the K-series
and other relevant Publications

Part A

- K-series Recommendations

K.5
(11/88)
Joint use of poles for electricity distribution and for telecommunications (06/64 - Blue Book Vol. IX)
This Recommendation deals with planning, constructing and maintaining overhead telecommunication lines when shared with electricity utilities.

It gives general information about:

–
conditions concerning the construction of the lines;

–
working practices;

–
agreement on responsibilities of the parties involved.

Reference is made to the Directives, Vol. II (see Part B of this annex).

K.6
(11/88)
Precautions at crossings (06/64 - Blue Book Vol. IX)
This Recommendation deals with planning and constructing telecommunication lines at crossings of electric power lines.

It gives information about:

–
protection against earth potential rise (EPR) in the vicinity of power line towers in cases where the telecommunication line is routed underground at the crossing;

–
the use of reinforced construction and/or insulation of conductors for overhead telecommunication lines;

–
the choice of protection measures dependant on the voltage of the power line.

Reference is made to the Directives, Vol. VI (see Part B of this annex).

K.7
(11/88)
Protection against acoustic shock (10/88 - Blue Book Vol. IX)
This Recommendation deals with operating telephone equipment.

It gives information about:

–
the conditions that may generate strong sound pressure (e.g. gas discharge tubes on the line);

–
the use of suitable protection components to reduce strong sound pressure and their installation;

–
the performance of such devices.

K.8
(11/88)
Separation in the soil between telecommunication cables and earthing system of power facilities (Blue Book Vol. IX)
This Recommendation deals with planning and constructing buried telecommunication cables.

It gives information about:

–
the locations where earth potential rise (EPR) may occur;

–
the duration of EPR in different types of power networks;

–
"safe distances" between telecommunication cables and power installations;

–
measures to be taken if the safe distance is not achieved.

Reference is made to the Directives, Vol. II and III (see Part B of this annex).

K.9
(11/68)
Protection of telecommunication staff and plant against a large earth potential due to a neighbouring electric traction line (10/88 - Blue Book Vol. IX)
This Recommendation deals with planning and constructing buried telecommunication cables in the vicinity of electric traction lines.

It gives information about:

–
precautions to be used to avoid danger to personnel and installations;

· conditions that may cause the EPR and parameters influencing its magnitude;

· protective measures and devices that may be required;

–
the effects of EPR caused by different traction systems (a.c. or d.c.).

K.10
(10/96)
Low frequency interference due to unbalance about earth of telecommunications equipment
This Recommendation deals with planning and constructing telecommunication installations.

It gives information about:

–
criteria for the unbalance of analogue installations, wiring structures and equipment connected to telecommunication lines;

–
the influence of unbalance on the transmission quality;

–
methods for unbalance testing in the frequency range from fundamental frequency to harmonics generated by electric power systems;

–
measuring methods for the longitudinal conversion loss (LCL);

–
examples for calculating the LCL.

K.11
(10/93)
Principle of protection against overvoltages and overcurrents 
This Recommendation deals with planning, constructing and maintaining telecommunication installations.

It gives general information about:

–
the origin of overvoltages and overcurrents (lightning, power induction, power contacts, earth potential rises);
–
types of protective devices (voltage and current limiting devices) and their residual effects;

–
risk assessment;
–
protection of telecommunication lines;
–
protection of exchange and transmission equipment;
–
protection of subscribers' terminal equipment.
Reference is made to a number of the K.series recommendations, the Directives and the manual The protection of Telecommunications Lines and Equipment against Lightning Discharges, 1974, 1978 (see Part B of this annex).
K.12
(02/00)
Characteristics of gas discharge tubes for the protection of telecommunications installations
This Recommendation deals with specifying and characterising gas discharge tubes (GDT).

It gives detailed information about:

–
electrical characteristics of GDT with 2 or 3 electrodes (inter-alia spark-over voltages for d.c., impulse voltages, hold-over voltages, insulation resistance, capacitance);
· test circuits and test conditions, including environmental tests; 

· safety requirements when radioactive material is used;

–
marking and documentation;
–
user ordering information.
K.13
(11/88)
Induced voltages in cables with plastic-insulated conductors 
(12/72 - Blue Book Vol. IX)
This Recommendation deals with constructing and maintaining telecommunication cable lines with plastic insulated conductors from the effects of induced voltages.

It gives information about:

–
the appearance of induced voltages, the magnitude of which is higher than 1200 V;

–
conditions that allow such overvoltages;

–
the necessity of safety precautions for staff;

–
protection requirements for equipment, joints and termination devices.

Reference is made to the Directives, Vol. VI and VII (see Part B of this Annex).

K.14
(11/88)
Provision of a metallic screen in plastic-sheathed cables 
(Blue Book Vol. IX)
This Recommendation deals with planning and constructing telecommunication cable lines.

It gives information about:

–
the usefulness of a metallic screen in cases where noise interference may arise (e.g. in the vicinity of electrified railway lines, especially when thyristor controlled equipment is installed on locomotives);

–
types of cables that should contain a metallic screen;

–
properties of such screens;

–
calculation of the screening factor;

–
parameters affecting the screening factor (e.g. insulation of the outer covering, length of the cable);

–
measuring the cable parameters.

Reference is made to the Directives, Vol. IX and the manual The Protection of Telecommunication Lines and Equipment against Lightning Discharges, 1974, 1978 (see Part B of this annex).

K.18
(11/88)
Calculation of voltage induced into telecommunication lines from radio station broadcasts and methods of reducing interference 
(Blue Book Vol. IX) 
This Recommendation deals with planning telecommunication installations.

It gives information about:

–
the appearance of noise voltage or reduced signal-to-noise ratio (SNR) in line transmission systems;

–
parameters influencing the magnitude of the induced radio frequency voltage;

–
a method to estimate the induced longitudinal radio frequency voltage;

–
the relation between the longitudinal and transverse voltage;

–
an estimation of the accuracy of the calculation method;

–
suitable protection methods to reduce the radio frequency interference.

K.19
(11/88)
Joint use of trenches and tunnels for telecommunication and power cables (11/80 - Blue Book Vol. IX)
This Recommendation deals with planning, constructing and maintaining telecommunication installations.

It gives information about:

–
the advantage of common use of trenches and tunnels;

· precautions to achieve safety to personnel (e.g. separation distance);

–
the necessity to consider possible electromagnetic induction.

Reference is made to the Directives (see Part B of this annex).

K.20
(07/03)
Resistibility of telecommunication equipment installed in a telecommunications centre to overvoltages and overcurrents
This recommendation deals with  resistibility requirements, test procedures and test levels for telecommunication equipment installed in a telecommunication centre. It is based on Recommendation K.44 where general aspects of testing resistibility of telecommunication equipment and relevant test circuits are specified.

It gives information about:

-
the overvoltage and overcurrent conditions which are considered in this Recommendation;

-
test levels for the two resistibility requirements (basic and enhanced);

-
special test conditions under which the tests are performed.

-
special  acceptance criteria.

K.21
(07/03)
Resistibility of telecommunication equipment installed in customer's premises to overvoltages and overcurrents
This recommendation deals with the resistibility requirements and test procedures for telecommunication equipment installed in a customer premise building. It is based on Recommendation K.44 where general aspects of testing resistibility of telecommunication equipment and relevant test circuits are specified.

It gives information about:

-
the overvoltage and overcurrent conditions which are considered in the Recommendation;

-
test levels for the two resistibility requirements (basic and enhanced);

-
special test conditions under which the tests are performed.

-
special  acceptance criteria.

K.23
(11/88)
Types of induced noise and description of noise voltage parameters for ISDN basic user networks (Blue Book Vol. IX)
This Recommendation deals with designing ISDN equipment.

It gives information about:

–
types of induced voltages (longitudinal voltage, transverse voltage) and their effects (malfunction, reduction of transmission quality);

–
sources of induced voltages (radio frequency transmitter, power line, electrified railway line, lightning, ESD, ignition engine);

–
electrical characteristics of induced voltages (e.g. wave shape, amplitude, frequency);

–
equipment performance categories (e.g. reduced performance, loss of function).

K.24
(11/88)
Method for measuring radio-frequency induced noise on telecommunications pairs (Blue Book Vol. IX)
This Recommendation deals with maintaining telecommunication line systems.

It gives information about:

–
the frequency range to be considered and bandwidth of measurement;

–
the measuring method;

–
termination networks for customer and central office ends; 

–
immunity requirements of measuring equipment.

K.25
(02/00)
Protection of optical fibre cables
This Recommendation deals with planning, designing, construction and maintenance of telecommunication lines made of optical fibre cables in order to obtain an acceptable performance with respect to the possibility of service interruption due to direct lightning discharges. 

It gives information about:

· a method of estimating the line performance under lightning surge conditions; 

· the protective measures to be implemented in order to improve such performance up to the desired level

K.26
(11/88)
Protection of telecommunication lines against harmful effects from electric power and electrified railway lines (Blue Book Vol. IX)
This Recommendation refers to the Directives (see Part B of this annex).

It gives information about:

–
the elaboration of the Directives (commonly with CIGRE and UIC);

–
the history of the Directives;

–
the make up of the Directives and the content of their Volumes.

K.27
(05/96)
Bonding configurations and earthing inside a telecommunication building
This Recommendation deals with planning and construction of telecommunication installations in telecommunication buildings.

It gives information about:

–
types of bonding networks (common bonding network, mesh bonding network, isolated bonding network);

–
purpose of bonding and earthing;

–
implementation of the types of bonding networks;

–
requirements concerning protection against electric shock, against lightning and for functional earthing;

–
connections between a.c. power supply and the earthing system; 

–
distribution of d.c. power supply;

–
the theory of bonding and earthing networks;

–
practical examples of bonding configurations.

Reference is made to the Earthing & Bonding Handbook
K.28
(03/93)
Characteristics of semi-conductor arrester assemblies for the protection of telecommunications installations
This Recommendation deals with designing and planning telecommunication equipment and installations.

It gives information about:

–
the purpose of semi-conductor arrester assemblies;
–
electrical characteristics (limiting voltage, isolation resistance, capacitance, impulse reset);
–
test methods and test circuits;
–
mechanical requirements;
–
marking and documentation.
K.29
(01/92)
Coordinated protection schemes for telecommunication cables below ground
This Recommendation deals with planning and constructing telecommunication cable lines.

It gives information about:

–
purpose of coordinated protection (protection against lightning, induction, corrosion);
–
protection practice for metallic and optical fibre cables with isolating or conductive plastic covering;
–
electrical, mechanical and physical characteristics of conductive coverings.
K.30
(12/04)
Self-restoring overcurrent protectors
This Recommendation provides performance requirements for self-restoring overcurrent protectors  to ensure their satisfactory operation in telecommunication networks. The Recommendation covers all types of self restoring overcurrent protectors including PTC thermistors (polymer and ceramic), series solid state current activated devices and shunt solid state current activated devices.  It also covers coordination of these devices fitted in the MDF and the equipment and gives information about:

· purpose and the advantage of their use in telecommunication installations 

· environmental characteristics 

· electrical characteristics and examples of practical values

· test methods and test circuits.

Reference is made to Recommendations K.20, K.21 and K.45

K.31
(03/93)
Bonding configurations and earthing of telecommunication installations inside a subscriber's building
This Recommendation deals with planning and constructing a telecommunication installation at a customers premises.

It gives information about:

–
the layout of signal and protective earth conductors;
–
objectives for bonding configurations and earthing;
–
the performance of mains supply systems (treatment of protective earth and neutral conductor);
–
principles of equipotential bonding;
–
special precautions for large installations.
K.33
(10/96)
Limits for people safety related to coupling into telecommunications system from a.c. electric power and a.c. electrified railway installations in fault conditions
This Recommendation deals with constructing and maintaining telecommunication line systems.

It gives information about:

–
the admissible current as stipulated in IEC Publication 479-1 (1984) - Effects of currents passing through the human body;

–
influence of the current path (e.g. hand-to-hand, hand-to-chest, hand-to-feet) on the effect to human beings;

–
the equivalent circuit for calculating the admissible body current and its parameters (e.g. source impedance, total body impedance, impedance between the body and induced elements, body-to-earth impedance);

–
estimating the admissible current for typical and for severe situations, for fault duration from 0.06 to 1.0 second;

–
examples of calculated admissible limit values for the body current in a typical and a severe situation.

Reference is made to the Directives, Vol. II, III and VII (see Part B of this annex).

K.34
(07/03)
Classification of electromagnetic environmental conditions for telecommunication equipment - Basic EMC Recommendation
This Recommendation deals with designing and planning of telecommunication equipment and installations. 

It gives information about:

· characteristics of classes of environment (telecommunication centres, outdoor locations, subscriber premises); 

· characteristics of severity of environmental parameters affecting signal lines, power ports and enclosures.

K.35
(05/96)
Bonding configurations and earthing at remote electronic sites
This Recommendation deals with planning and constructing telecommunication equipment at outdoor locations.

It gives information about:

–
the need of earthing and bonding (personnel safety, service earth, protection against overvoltages, reduction of radio frequency emission);

–
earthing networks for electronic equipment enclosures installed above or below ground (earthing ring, concrete encased earth electrodes);

–
earthing and bonding requirements for a.c. and d.c. power supply;

–
bonding configurations (main earthing terminal, interior bonding-bus, cable entrance, equipment frames, racks and enclosures);

–
connection of surge protectors to the earthing network;

–
an example of the bonding configuration and earthing system of an electronic equipment enclosure installed above ground.

K.36
(05/96)
Selection of protective devicesThis Recommendation deals with designing telecommunication equipment and constructing telecommunication installations.

It gives information about:

–
selection of suitable protective devices to limit overvoltages and overcurrents;

–
sources of overvoltages and overcurrents (lightning discharges, power induction, ESD, EFT);

–
characteristics of protective elements to limit overvoltages (gas discharge tubes, Thyristors, metal oxide varistors, zener diodes) and overcurrents (positive temperature coefficient thermistors, fuses, heat coils);

–
protection strategy (coordination of equipment resistibility and additional protection);

–
effects of protective devices on the operation of the telecommunication system (interruption/no interruption, self reset/no self reset);

–
failure mode of protective devices ("fail safe");

–
suitable location for mounting protective devices;

–
safety requirements to be observed;

–
economic considerations (risk assessment).

K.37
(02/99)
Low and high frequency EMC mitigation techniques for telecommunications installations and systems - Basic EMC RecommendationThis Recommendation deals with constructing and maintaining telecommunication installations. 

It gives information about:

–
mitigation techniques to avoid interference caused by radio frequency fields, radio frequency voltages induced into telecommunication lines, and EFT;

–
the environment to be considered (distance to radio transmitter stations, earthing and bonding network, a.c. power network);

–
Elements of the installation to be considered (equipment, cabling, connectors);

–
working practices in use for constructing and maintenance (e.g. restricted use of handhold telephones, avoidance of ESD);

–
special mitigation measures (screening, filtering, common mode chokes, isolation transformers, optical components);

–
practical example of troubleshooting radio frequency problems.

K.38
(10/96)
Radiated emission test procedure for physically large systemsThis Recommendation deals with planning and constructing telecommunication installations.

It gives information about:

–
measurement procedure for radio frequency emission from physically large telecommunication installations;

–
the minimum representative system (system that contains a minimum number of units needed to perform all functions);

–
treatment of new functional modules added to the installation;

–
operational conditions (equipment configuration and boundary, intra-system cabling, interface);

–
measuring methods and set-ups;

–
documentation of test results.

K.39
(10/96)
Risk assessment of damages to telecommunication sites due to lightning dischargesThis Recommendation deals with planning and constructing telecommunication systems.

It gives information about:

–
coupling mechanisms (resistive coupling, magnetic coupling, coupling through electric and electromagnetic field);

–
principles of risk assessment (definition of risk areas for direct lightning strokes, for lightning strokes nearby the building, for incoming cables, for lightning strokes to adjacent structures);

–
calculation of risk areas;

–
estimation of the probability factor taking into account building material, external and internal protection measures, protection of incoming cables, different surface layers (e.g. concrete, isolating layer);

–
consequential damage factors (injuries to people, loss of service, physical damage);

–
acceptable risk level including representative values for physical damage and loss of service;

–
example of risk assessment of damage to a telecommunication site with adjacent antenna mast.

K.40
(10/96)
Protection against LEMP in telecommunications centresThis Recommendation deals with planning and constructing or reconstructing telecommunication installation.

It gives information about:

–
reference configuration (building with a tower on the roof or an adjacent tower);

–
need for protection (based on risk assessment);

–
lightning protection zones LPZ (LPZ0: exposed to unattenuated electromagnetic effects, LPZ1: not affected by direct lightning strokes, LPZ2 or higher: conducted currents and/or electromagnetic fields are increasingly reduced);

–
protection measures (e.g. earthing, bonding, cable routing, shielding);

–
example of test set-up for simulating Lightning Electromagnetic Pulse (LEMP) effects;

–
protection management for new or existing telecommunication centres.

K.42
(05/98)
Preparation of emission and immunity requirements for 
telecommunication equipment - General principles
This Recommendation deals with the elaboration of EMC Recommendations.

It gives information about:

· definitions to be used in EMC Recommendations;

· the types of EMC Recommendations (basic, generic and product family/product Recommendation);

· immunity requirements and performance criteria.

K.43
(07/03)
Immunity requirements for telecommunication equipment
This Recommendation deals with designing telecommunication equipment.

It gives information about:

· equipment  ports to be tested;

· configuration during tests (operating state, powering);

· characteristics of the radiated electromagnetic field taken into consideration;

· test generators (with reference to relevant IEC Publications), test circuits including decoupling networks;

· test levels and test criteria for different types of equipment (installed in telecommunication centres or at subscriber premises).

K.44
(07/03)
Resistibility tests of telecommunication equipment exposed to overvoltages and overcurrents - Basic Recommendation
This recommendation deals with the design and testing of telecommunication equipment related to ensuring its resistibility to overvoltages and overcurrents.  

It gives information about 

· definitions;

· the overvoltage and overcurrent conditions which need to be considered in  relevant product related Recommendation;

· two degrees of  resistibility requirements (basic and enhanced),

· conditions under which the tests are performed:

· installing the primary protection in a good location and ensuring coordination of primary and inherent protection ;

· the acceptance criteria:

· the test generators, test circuits, coupling and decoupling elements and port terminations.

K.45
(07/03)
Resistibility of access network equipment to overvoltages and overcurrents
This Recommendation deals with  resistibility requirements,  test procedures and test levels for telecommunication equipment installed between a telecommunication centre and a customer premise building. It is based on Recommendation K.44 where general aspects of testing resistibility  of telecommunication equipment and relevant test circuits are specified.

It gives information about: 

· the overvoltage and overcurrent conditions which are considered in this Recommendation;

· test levels for the two resistibility requirements (basic and enhanced);

· special test conditions under which the tests are performed

· special  acceptance criteria.

K.46
(07/03)
Protection of telecommunication lines using metallic symmetric conductors against lightning induced surges
This Recommendation deals with planning, designing, construction and maintenance of telecommunication lines made of symmetric conductors in order to obtain an acceptable performance with respect to the possibility of service interruptions due to lightning induced surges. 

It gives information about:

· characterisation of the environment;

· procedure in order to protect lines using metallic conductors against nearby lightning discharges

· measures (such as Surge Protective Devices (SPD) or shielding),  to be implemented, if necessary;

K.47
(12/00)
Protection of telecommunication lines using metallic conductors against direct lightning discharges
This Recommendation deals with planning, designing, construction and maintenance of telecommunication lines made of metallic conductors (symmetric conductors and coaxial cables) in order to obtain an acceptable performance with respect to the possibility of service interruption due to direct lightning discharges. 

It gives information about:

· a method estimating the line performance;

· measures, if necessary, to be implemented;

· improvement of the performance by the implemented measures

Before the application of the procedures of this Recommendation, it’s recommended to apply the procedures of the Recommendation K.46.

K.48
(07/03)
EMC requirements for each telecommunication network equipment – Product family Recommendation
This Recommendation deals with designing and testing switching, transmission, power and supervisory equipment.

It gives information about:

· definitions;

· emission and immunity test methods;

· test levels for equipment for telecommunication centre and outdoor locations;

· specific operational conditions and test configurations for each telecommunication network; equipment;

· specific performance criteria for each equipment.

K.49
(02/00)
Test condition and performance criteria for voice terminal subject to disturbance from digital mobile phone
This recommendation deals with designing and operating voice terminal. 

It gives information about:

· definitions;

· immunity test methods;

· test level;

· performance criteria. 

These information shall be used to determinate the immunity of Voice terminal against disturbances produced by digital mobile phone system.

K.50
(02/00)
Safe limits of operation voltages and currents for telecommunication systems powered over the network
This Recommendation deals with operating and maintaining telecommunication systems powered over the network.

It provides:

· Voltage and current limits for safe powering of telecommunications systems over the network;

· General and special work practices. 

K.51
(02/00)
Safety criteria for telecommunication equipment
This Recommendation deals with planning, constructing and maintaining telecommunication network infrastructure equipment.

It provides:

· special requirements for remote power feeding circuits as defined in Recommendation K.50;

· a cross-reference between the special requirements of  this Recommendation and the paragraphs of IEC 60950 where similar requirements for other circuits are given.

Reference is made to IEC Publication 60950 (1999).

K.52
(12/04)
Guidance on complying with limits for human exposure to electromagnetic fields
This Recommendation deals with designing and operating telecommunication installations with safety limits for human exposure to electromagnetic fields (EMFs). The assessment procedure is, based on safety limits provided by ICNIRP.  It helps users determine the likelihood of installation compliance based on accessibility criteria, antenna properties and emitter power.

It gives information about:

· EMF exposure assessment and exposure zones; 

· installation classification and installation assessment procedure; 

· EMF evaluation techniques (calculation methods); 

· mitigation techniques. 

Alternative summary:

This Recommendation aims to help with compliance of telecommunication installations and mobile handsets or other radiating devices used against the head with safety limits for human exposure to electromagnetic fields (EMFs).  It presents general guidance, a calculation method, and an installation assessment procedure.  The assessment procedure for telecommunication installations, based on safety limits provided by ICNIRP, helps users determine the likelihood of installation compliance based on accessibility criteria, antenna properties and emitter power.  The IEC Standard for the compliance measurement of mobile handsets is recommended.
K.53
(02/00)
Values of induced voltages on telecommunication installations to establish telecom and a.c. power and railway operators responsibilities
This Recommendation deals with planning, construction and maintaining of telecommunication lines with respect to induced voltages, both overvoltages and disturbances, and the responsibility of telecommunication operators and operators of a.c. power and electrified railway lines, when these induced voltages occur. Limits are given which shall be used to determine, who is responsible for mitigation measures against disturbances and the costs of these with respect to time priority and legislative rules.

It gives information about:

· levels of short-term overvoltages;

· levels of continuous fundamental frequency voltages;

· noise levels.

K.54
(12/04)
Conducted immunity test methods and level at fundamental power frequencies
This Recommendation deals with designing of telecommunication equipment in order to comply with requirements of immunity against induced voltages at fundamental frequency of a.c. power and electrified railway lines in normal operation condition.

It gives information about:

· a simplified test circuit;

· the test level;

· a test method and procedure.

K.55
(08/02)
Overvoltage and overcurrent requirements for insulation displacement connectors (IDC) terminations
This Recommendation specifies the overvoltage requirements and test procedures for Insulation Displacement Connectors (IDCs) used for symmetric pair conductors subjected to overvoltages and overcurrents.

Overvoltages or overcurrents covered by this Recommendation include surges due to lightning on or near the line plant, short‑term induction of alternating voltages from adjacent power lines or railway systems, earth potential rise due to power faults and direct contacts between telecommunication lines and power lines.  

K.56 
(07/03) 
Protection of radio base stations against lightning discharges
This Recommendation provides a quantitative procedure in order to protect radio base stations (RBS) for wireless access network against lightning discharges. The level of protection is based on the tolerable frequency of damage that is assigned to the RBS by the operator, considering the consequences of service interruption and loss of equipment. The RBS covered by this Recommendation is made up of a shelter or small building to house the equipment and a nearby tower to hold the antennas. The protection procedures include earthing, bonding, shielding and installation of surge protective devices (SPD).

K.57
(09/03)
Protection measures for radio base stations sited on power line towers
This Recommendation specifies measures to be taken with respect to safety and risk of damage to equipment through earth potential rise, when power line towers are used for locating radio base stations. It also considers the special lightning protection scheme, which is needed for this type of installation.

This is of special concern when power is fed from the low-voltage network, which is the most common situation. Different options are described.

Three appendices are attached:

· Appendix I, titled "Guide on the coordination of the isolation level required for the power supply circuit and the potential rise of power line towers", gives information on how to determine the required isolation voltage level due to the EPR at an earth fault in the tower.

· In Appendix II, titled "Guide on the LV feeding arrangement", more details on the low-voltage feeding options are given.

· Finally, Appendix III, titled "Characterization and control of the EPR zone of tower earthing and estimation of the minimum length of the junction section", presents simple calculations for estimation of the EPR for the determination of the length of the so-called junction cable.

K.58
(07/03)
EMC, resistibility and safety requirements and procedures for co-located telecommunication installations
With the liberalization of telecommunications, many services are provided by several Operators on the same cable, and equipment owned by different Operators is installed in the same telecommunication facilities and in many cases these are interconnected with each other. Therefore, there is a possibility of trouble related to EMC, resistibility, and safety occurring. This Recommendation describes necessary steps to ensure safe and problem-free operation in multiple Operator environments. Co-location arising from telecommunication liberalization should be taken into account, and necessary subjects are described from the viewpoints of EMC, resistibility, and safety.

K.59
(07/03)
EMC, resistibility and safety requirements and procedures for connection to unbundled cables
With the liberalization of telecommunications, operators, who are not the owner of the cable, may use several pairs from cable for different services. There is a possibility of EMC, resistibility and safety problems occurring in the cable. This Recommendation aims to establish minimum requirements and procedures to ensure safe and problem-free operation and management related to EMC, resistibility and safety for unbundling.

K.60
(07/03)
Emission limits and test methods for telecommunication networks
With the broadband deployment, telecommunication networks are more intensively used and the risk of interference with other services has increased. In such a case, the share of responsibilities and the levels of the radiated field are not clearly defined.

The purpose of this Recommendation is to propose a measurement method and target limits. In addition, a methodology for solving the interference's case is mentioned, and under what circumstances the case has to be forwarded to the Authority.

K.61
(09/03)
Guidance to measurement and numerical prediction of electromagnetic fields for compliance with human exposure limits for telecommunication installations
This Recommendation helps telecommunication operators to verify compliance with exposure standards promulgated by local or national authorities. This Recommendation gives guidance on measurement methods that can be used to achieve a compliance assessment. It also provides guidance on the selection of numerical methods suitable for exposure prediction in various situations.

K.62
(03/04)
System level radiated emissions compliance using mathematical modelling
This Recommendation supports Telecommunications Operators in demonstrating the compliance of the radiated emissions generated by Telecommunications Systems.

Telecommunications Operators typically construct their Systems from many items of Equipment that are each engineered to individually meet EMC requirements, including radiated emissions.  This means that a System will typically contain a number of emissions sources (i.e. separate Equipment items) at a number of common frequencies.  This is true if the System contains many items of the same Equipment or many items of different Equipment.

For such a System, the superposition of these multiple emissions has the potential to produce a System emission level that is greater than the System emission limit.  This is of fundamental concern for Telecommunications Operators seeking to demonstrate the compliance of the radiated emissions of their Systems.

This Recommendation introduces a statistical approach to Systems radiated emission compliance.  By applying a statistical approach to the treatment of basic variables that are not known by the Operator, a method is presented that allows the System emission level to be described statistically in terms of a Probability and Cumulative Probability distributions.

These distributions allow the compliance of the System emission level with respect to a limit to be expressed as a statistical confidence level (rather than as a simple ‘Pass’ or ‘Fail’ statement).  It is proposed that the 80% confidence level be used for compliance to align with the approach taken for series production Equipment within CISPR 22.

The method presented may also be used by other organisations that either build or operate other Systems that are formed from the integration of many items of digital electronic Equipment that each individually comply with their own radiated emissions limit.

K.63
(02/04)
Maintaining the suitability of production telecommunications equipment to its intended electromagnetic environment
This Recommendation suggests some Electromagnetic Compatibility tests that may be used by both Telecommunications Operators and Equipment Manufacturers to determine the suitability of a batch of Telecommunications Equipment to its intended Electromagnetic Environment.

It is recognized that variation will occur between the Electromagnetic Compatibility performance of the Telecommunications Equipment item tested to demonstrate compliance with market entry requirements and the Electromagnetic Compatibility performance of Telecommunications Equipment items manufactured subsequently. Hence variation in the Electromagnetic Compatibility performance will be seen within a batch of Telecommunications Equipment either received by the Telecommunications Operator or manufactured by the Equipment Manufacturer.

Methods to allow both Telecommunications Operators and Equipment Manufacturers to demonstrate the compliance of a batch of Telecommunications Equipment are therefore needed. As it is not economically feasible to test the Electromagnetic Compatibility performance of every item within the batch, this Recommendation suggests that just three tests be performed on a small number of Equipment items selected at random from the batch.

The recommended tests are Radiated Emissions, Electrostatic Discharge and Electrical Fast Transient. It is the past experience of Telecommunications Operators that the largest variation in performance occurs for these three tests.

Telecommunications Operators may therefore use this Recommendation to assure the suitability of a batch of equipment received from a manufacturer. Equipment Manufacturers may use this Recommendation to monitor the variation in Electromagnetic Compatibility performance from their manufacture line.

K.64
(02/04)
Safe working practices for outside equipment installed in particular environments
This Recommendation describes working practices for service personnel to help service personnel work safely at telecommunication installations in three specific environments. 

The specific environments covered in this Recommendation are characterized by wet conditions or close proximity to exposed metallic parts. 

The working practices apply to telecommunications plant with voltage levels higher than the limits defined for analogue PSTN circuits, such as RFT-C or RFT-V circuits.
K.65
(12/04)
Overvoltage and overcurrent requirements for termination modules with contacts for test ports or SPDs
This Recommendation specifies the overvoltage requirements and test procedures for termination modules, with contacts for test ports or SPDs, used for symmetric pair conductors subjected to overvoltages and overcurrents.

Overvoltages or overcurrents covered by this Recommendation include surges due to lightning on or near the line plant, short-term induction of alternating voltages from adjacent power lines or railway systems, earth potential rise due to power faults and direct contacts between telecommunication lines and power lines.

K.66
(12/04)
Protection of customer premises from overvoltages
This Recommendation gives guidance regarding responsibilities and practices for installing protection at residential and commercial customers' premises. The task is to encourage planning for electromagnetic compatibility and safety, which should include bonding and earthing arrangements that accommodate installation tests and diagnostics; It’s intention is to comply with IEC 60364-5-54 or national standardising bodies on a.c. power installations. This Recommendation could be used with new installations as well as for expansion and upgrading of existing ones.
Reference is made to Recommendations K.11, K.21, 39, 46 and 47; IEC 60364-5-54  and 62305-2

K.67
(02/06)
Expected surges on telecommunications and signalling networks due to lightningThis Recommendation gives the characteristics (waveshapes and peak values) of the expected surges (overvoltages and overcurrents) due to lightning on telecommunication lines of the access network and on signalling lines at customers' premises using metallic conductors. These values of the expected surges are presented as a function of a set of lightning current parameters which define lightning as the source of damage by any type of electromagnetic coupling on a telecommunication or signalling line.

This Recommendation allows evaluation of the effectiveness of the protective measures (e.g., surge protective devices) that are intended to withstand the expected surge current at the installation point.

Reference is made to ITU-T Lightning Handbooks, Chapter 10, Recommendations K.46, K.47 and 56; IEC 62305-1/2/4
K.68
(02/06)
Management of electromagnetic interference on telecommunication systems due to power systemsThis Recommendation deals with the management of electromagnetic (e.m.) interference produced by electric power systems and electrified traction systems on telecommunication systems.

This Recommendation defines the procedure to evaluate the acceptability of an e.m. interference and gives:

– the criteria defining the interference situations to be examined;

– the interference management voltages to be applied;

– the installation conditions of electric power, electrified traction and telecommunication systems under which the management voltages are applicable.

Reference is made to ITU-T Directives Volume II, Recommendations K.10 and K.57, prEN 50122-1, IEC 60050-448 and IEC/TS 60479-1
K.69
(10/06)
Maintenance of protective measuresThis Recommendation gives guidance on the maintenance of protective measures (protective devices and assemblies and their earthing) in telecommunication installations. It deals with the maintenance of the protection of telecommunication equipment, installations and cable plants exposed to the results of external sources of interference such as overvoltages and overcurrents due to lightning discharges or power induction.

The maintenance activity is achieved with visual and complete inspections during periodical controls defined by this Recommendation. The complete inspection includes the visual inspection and additional measurements or investigations.

The purpose of the maintenance activity is to control the effectiveness of the protective measures against overvoltages and overcurrents – to avoid or reduce hazard to people, damage to installations and disturbances to systems – taking into account the corrosion effects. The effectiveness of the protective measures against corrosion is also considered.

Reference is made to ITU-T Directives Volume VII, Recommendations K.27, K31, K35 and K.68, IEC 62305-2/3
K.70
(06/07)
Mitigation techniques to limit human exposure to EMFs in the vicinity of radiocommunication stationsThis Recommendation defines techniques which may be used by telecommunication operators to evaluate cumulative (total) exposure ratio in vicinity of transmitting antennas, to identify main source of radiation and it gives guidance on mitigation methods which allow reducing radiation level in order to comply with the exposure limits. This Recommendation provides guidance on procedures in on site multiple sources environment. Radiating sources may belong to many operators and may represent different radiocommunication services (e.g. cellular systems, trunking systems, broadcasting, radio relays).  
Reference is made to Recommendations BS.80-3, BS.705-1, BS.1386-1, BS.1195, BS.1698, K.52 and K.61, EN 50383, ICNIRP and IEC 61566

K.71
(07/07)
Protection of customer antenna installationsThis recommendation provides information to Network Operators on when antennas can be installed in, or on, a customer building without performing a building specific risk assessment. When a risk assessment is required it provides guidance on the application of IEC 62305-2. It also provides information on the responsibilities of the Network Operator and the Building Owner.
Reference is made to IEC 62305-1/2/3 and IEC 60364-5-54

Part B

- Other Publications

1. “Lightning Handbook”

The Protection of telecommunication lines and equipment against lightning discharges (1974) (contains Chapters 1 to 5)
This Handbook gives information about:

–
definitions of parameters related to lightning activity, effects of lightning discharges and relevant properties of telecommunication installations;

–
the phenomenon of lightning discharges;

–
the generation of overvoltages on telecommunication lines and other effects of lightning discharges (heating, mechanical stress);

–
the behaviour of different types of telecommunication lines (overhead lines, buried cable of various make-up);

–
suitable protective devices (e.g. overvoltage arresters, shield wires, cable of special design).

The Protection of telecommunication lines and equipment against lightning discharges - Chapters 6, 7 and 8 (1978)
This Handbook gives information about:

–
protective practices for specific parts of telecommunication networks (overhead lines, underground cables, switching and subscriber equipment, radio installations);

–
protective practice for personnel;

–
estimation of frequency of breakdowns for various types of installations (telecommunication towers, buried cables, overhead lines).

The appendix shows results of risk calculations for some typical examples.

The Protection of telecommunication lines and equipment against lightning discharges - Chapters 9 and 10 (1994)
This Handbook gives information about:

1)
Damage assessment of fibre optic cables:

–
damage mechanism in buried and overhead fibre optic cables;

–
estimation of the annual damage rate for buried and overhead fibre optic cables;

–
methods to improve the protection of fibre optic cable lines (e.g. use of shield wires, alternate routing of lines, joint use of poles for overhead fibre optic cables and power lines).

2)
Measurement of overvoltages and overcurrents:

–
parameters of overvoltages and overcurrents (e.g. peak values, wave form parameters, statistical distribution);

–
measuring results in different environment (rural area, urban/suburban area).

The appendix contains results of overvoltage measurements made in Canada, France, Germany, Italy, Japan, United States of America.

2. “Earthing and Bonding Handbook” 

Earthing and Bonding of Telecommunication Installations (2004)
This Handbook gives information about:

–
the main purposes of earthing in telecommunication installation (e.g. crosstalk, protection against lightning);

–
subdivision of earthing installations ( protective earthing, services earthing);

–
requirements for service and protection earthing;

–
type of distribution system (star, mesh. mixed star-mesh);

–
effect of soil resistivity;

–
electrical characteristics of earth electrodes, the configuration (trench, earth spikes, plates), the material and dimensions;

–
measuring the earth electrode resistance;

–
measuring the soil resistivity;

· maintenance of earthing installations.

3. “Interference Mitigation and Measuring Handbooks”

Handbook on interference measuring techniques (02/2000)
This Handbook contains supplementary information to Volume IX of the Directives, giving information on: 

· low frequency longitudinal disturbance test condition; 

· measurement of shielding characteristics of equipment cabinets;

· application of IEC 61000 - 4 series EMC tests to telecommunications equipment. 

Mitigation Handbook for Telecom Installations (2004)
This handbook contains:

· background information on how to detect and mitigate  interference occurring to telecommunications installations;

· case studies of real situations experienced by members of ITU-T Study Group 5, and how they solved them.

4. “Directives”

Directives Concerning the Protection of Telecommunication Lines against Harmful Effects 
from Electric Power and Electrified Railway Lines:
Volume I - Design, construction and operational principles of telecommunication, power and 

electrified railway facilities (1990)

This Volume deals with guidelines on how to use the specific Volumes of the Directives.

It gives information about:

–
possible effects of coupling (danger to people, damage of equipment, impairment of transmission);

–
power production, transmission and distribution systems (function of networks, electrical characteristics, operation of networks, protection systems and consequences concerning induction on telecommunication lines);

–
electrified railway systems (function and architecture, electrical characteristics of a.c. and d.c. feeding systems, traction systems including current distribution inside trains);

–
telecommunication systems (network architecture, types of transmission lines, line transmission systems);

–
disturbing phenomena (types and effects of coupling);

–
factors relevant to coupling effects (normal operation or fault condition of inducing lines, balance and other electrical properties of induced lines). 

Volume II - Calculating induced voltages and currents in practical cases (1990)* 

This Volume deals with calculating induced quantities using simple estimation or calculation methods that requires conventional computing facilities.

It gives information about:

1)
Simplified calculation for all types of coupling (capacitive, inductive, conductive):

–
general convention for simplified estimation (applicable types of coupling, exposure configuration);

–
simplified calculation method, relevant parameters (inducing currents, permissible voltages and currents) and possible protection methods.

2)
Calculation of capacitive coupling:

–
method using coupling coefficients (coupling functions for lines of usual construction, simplified calculation using graphs, calculation for selected practical cases, shielding effects earth wires);

–
Method using matrix operation (basic matrix formulae for lines with or without shielding conductors, application to various types of telecommunication lines, calculating common mode and differential mode voltages and currents);

–
calculation of effects of capacitive coupling in different practical cases.

3)
Calculation of inductive coupling:

–
self and mutual impedance of conductors with earth return (dependence of separation, frequency. earth conductivity, basic formula for external and mutual impedance, internal impedance and group of conductors, self and mutual impedance given in polynomial form, as complex image formulae, in form of series and numerical values in form of tables and diagrams);

–
mutual impedance between a metallic loop and a wire-to-earth circuit (metallic loop of open wire telecommunication line, metallic loop of three phase power line, evaluation of the mutual impedance of a balanced tree-phase line and a wire-to-earth circuit);

–
screening effects of continuously or at their ends earthed conductors (return conductors, metal cable sheath of telecommunication or power cable evaluation of screening factors for different separations).

4)
Calculation of conductive coupling:

–
evaluation of earth potential rise (at power line tower and power station earthing);

–
zone of influence for passing telecommunication lines;

–
effects of earth potential rise at a power station on telecommunication cables with isolating outer covering or with metal sheath in contact with the soil.

5)
Calculation of inducing currents and voltages:

–
currents and voltages of a.c. power systems (normal operation, short circuit condition, earth fault current in power systems with isolated or earthed neutral, voltages in power systems, harmonics in power systems),current and voltages of a.c. electrified railway systems (characteristics of the traction system, short-circuit current, working current, harmonics, screening effect of rails);

–
currents and voltages in d.c. power systems (load current, operation voltage, harmonics, fault current, ion flow);

–
current and voltages in d.c. electrified railway systems (short-circuit current, harmonics).

6)
Calculation of induced currents and voltages:

–
calculation of induced longitudinal emf and voltages and currents on telecommunication lines using the short line approximation (limits for applicability of short line concept are given in an annex) or using the multi-conductor line solution; 

–
calculation of voltages and currents due to distributed or discrete sources using the two conductor line solution by superposition techniques (assumptions and procedure for selected cases are dealt with in an annex);

–
calculation of voltages and currents on balanced pairs in screened cable, coaxial pairs in screened cable, open wire lines and unscreened pairs in overhead cables using two conductor line and multi-conductor line method.

Volume III - Capacitive, inductive and conductive coupling: physical theory and calculation 


method (1990)

This Volume deals with the theory of electromagnetic coupling and a rigorous method for calculating equivalent circuit parameters and resulted voltages and currents that requires sufficient computing facilities. 

It gives information about:

1)
Underlying physical principles:

–
laws governing electromagnetic phenomena (Maxwell equations, Poynting theorem, laws of Stokes and Gauss);

–
boundary conditions;

–
application in homogeneous media and fields on cylindrical structures.

2)
Structure of the equivalent circuit:

–
general definition of circuit parameters and procedure for calculation;

–
explanation of circuit parameters (self and mutual resistances, inductances, capacitances, conductances and surface impedances);

–
coupling mechanisms inside a multi-conductor system (longitudinal and transversal coupling) for different configurations (without and with earth return);

–
mutual coupling between two multi-conductor lines;

–
calculation of loop voltages and currents.

3)
Calculation of equivalent circuit parameters:

–
field calculation for coaxial lines and lines with earth return;

–
calculation of self and mutual parameters (impedances, potential coefficients) for different line configurations (two wires in the air, two wires at air-earth interface, two wires in the earth, one wire in the air and one at the air-earth interface, one wire at air‑earth interface and one in the earth);

–
definition of generators (line or buried structure as source), calculation of potential (analytic and numeric solution).

4)
Calculation of voltages and currents in the lines:

–
analytical solution for a two wire line taking into account different boundary conditions (different locations of voltage and current generators);

–
multi-conductor line solution for lines with distributed parameters and lines with lumped parameters and external sources (approximate and exact values);

–
consideration of non sinusoidal excitation.

5)
Screening processes:

–
definition of the screening factor;

–
inductive screening application to coaxial structures (non ferromagnetic sheath or tape, ferromagnetic sheath);

–
capacitive screening (inducing and screening system mutually coupled, induced and screening system mutually coupled);

–
capacitive screening application to coaxial structures. 

Volume IV - Inducing currents and voltages in electrified railway systems (1990)

This Volume gives information about:

–
main characteristics of a.c. electrified railway systems (sub-stations with single phase transformers, with autotransformers, with frequency converters, contact line systems with return conductor, booster transformers, electric traction units with single-phase motors, part cycle current motors, thyristor controlled asynchronous motors);

–
main characteristics of d.c. electrified railway systems (sub-stations, contact line systems, traction units with d.c. commutator motor, chopper technique, converter technique with synchronous and asynchronous motor);

–
calculation of capacitive coupling in case of a.c. railway system (matrix calculation method, equivalent conductor method) and of line voltages generating dangerous potential or disturbing voltages;

–
calculation of inductive coupling in case of a.c. railway systems (multi-conductor method and two conductor method for calculating the inducing current posing danger to personnel or causing disturbances in telecommunication lines) for various operating systems (e.g. booster transformer, autotransformer, return conductor);

–
calculation of capacitive coupling in case of a d.c. railway system, (matrix calculation method, equivalent conductor method), calculation of contact line voltage harmonics;

–
calculation of the inducing current in case of a d.c. railway system multi-conductor method, two-conductor method;

–
calculation of the induced emf in case of a short circuit on the d.c. railway line.

Volume V - Inducing currents and voltages in power transmission and distribution systems 

(2008)

This Volume gives information about:

–
the inducing current in a high voltage system (e.g. phase current, earth current due to asymmetry, harmonic current); 

–
calculation of fault current using symmetrical components;

–
current in earth fault condition (earth connection of neutral point, earth fault current magnitude, earth wire current and its distribution along the line, capacitive zero-sequence current in a network with isolated or resonant-earthed neutral, double earth fault current);

–
inducing voltages (voltage in normal operation and during earth fault);

–
transients on high voltage power lines (d.c. offset of fault current, inrush current of transformers or capacitors, surges caused by lightning switching);

–
inducing currents and voltages on high voltage d.c. power systems (load current, operating voltage, harmonics, fault current, ion flow).

–
EPR and current dissipation of tower footings along a transposed transmission line under normal operation.

Volume VI - Danger, damage and disturbance (2008)

This Volume considers the risk to both people and equipment giving information about:

–
electrical safety considerations (physiological response to electric excitation, human body impedances, effect of working procedures on safety);

–
condition which may result in danger (interfering effects of electric power and electrified railway systems, application of permissible voltage, permissible voltage in particulate situations);

–
permissible voltage and current to limit disturbance (levels used in analogue and digital transmission systems, permissible disturbance voltage for voice and data circuits).

Volume VII - Protective measures and safety precautions (1990)

This Volume gives information about:

–
assignment of protective measures to different cases of danger and disturbance in tabular form;

–
detailed information on application of protective measures on the telecommunication side (e.g. increasing the distance between inducing and induced line, replacement of overhead lines, cable with improved screening factor, use of optical fibre cables or radio links, screening conductors, active reduction systems, isolating or neutralizing transformers, overvoltage limiting components, improvement of balance);

–
protection of staff and installations against effects of earth potential rise (sources of high earth potential rise, protection methods applied to cable and overhead lines that may be affected by earth potential rise), examples of protection methods used for telecommunication lines serving power station;

–
measures applied to the power side to reduce danger and disturbance (e.g. earth wires of overhead power lines with improved screening factor, power cable with improved screening factor, limitation of the inducing current in three-phase systems, reducing inductive coupling of a.c. electrified railway systems by use of return conductors, booster transformers, autotransformers, limiting harmonics);

–
safety precautions to avoid harmful effects to personnel working on lines or in switching centres (isolation from earth or exposed conductor, general earthing).

Volume VIII - Protective devices (1990)

This Volume gives information about:

–
parallel devices for overvoltage protection(gas discharge tubes, carbons, air gaps, semiconductor devices as varistors, zener diodes, thyristors, complex devices);

–
series devices for overcurrent protection (e.g. fuses, heat coils, PTC thermistors, fuse cables);

–
protection devices which do not produce interruption of service (line transformers, isolating transformers, opto-couplers, neutralizing transformers, reduction transformers, active reduction systems). 

Volume IX - Testing methods and measuring apparatus (1990)

This Volume gives information about:

1)
Measuring apparatus:

–
pulse generators for load testing (insulation, current carrying capability, energy loading capacity);

–
generator for interference rejection (e.g. burst generator, ESD generator);

–
noise measurement (weighted noise, impulsive noise, quantizing distortion noise);

–
measurement of bit error ratio);

–
field strength measurement (electromagnetic radio frequency field, magnetic field strength, electric field strength);

–
special measuring methods (partial discharges, recording or counting of overvoltages, simulation of voltages in telecommunication buildings caused by lightning).

2)
Measuring methods:

–
testing semiconductor protection elements;

–
test with sinusoidal frequencies (screening factor and transfer impedance of cable sheaths, unbalance of telecommunication lines and equipment, shielding factor of screens, soil resistivity).

___________________












* A new edition is under publication
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