This electronic version (PDF) was scanned by the International Telecommunication Union (ITU) Library &
Archives Service from an original paper document in the ITU Library & Archives collections.

La présente version électronique (PDF) a été numérisée par le Service de la bibliothéque et des archives de
['Union internationale des télécommunications (UIT) a partir d'un document papier original des collections
de ce service.

Esta version electronica (PDF) ha sido escaneada por el Servicio de Biblioteca y Archivos de la Unidn
Internacional de Telecomunicaciones (UIT) a partir de un documento impreso original de las colecciones del
Servicio de Biblioteca y Archivos de la UIT.

o34 Aail) 4y 5 KIY) (PDF) gl n sead rasally i sucall o)yl a8 il giaall 5 8 alad¥] dsall VLU (ITU)
D& (e 4855 A8 ) 5 dlial (ania (3511 38 giall b and KA il giadll

SR TR (PDFRRAS) BRI (ITU) B TR ANRS 58 =R A7 Tz Ak i 4RSS Fl R it

Hacrosmumit snextponnsiii Bapuant (PDF) GBI OATOTOBIICH B OMOIHOTEUHO-aPXUBHOM CITy:KO€E
MeXayHapoJHOTO COI03a AIIEKTPOCBSI3H MyTEM CKaHHUPOBAHUSI HCXOIHOTO IOKYMEHTa B OyMaskHOU dopme 13
OubmoTedHo-apXuBHOH ciry’k061 MCD.

© International Telecommunication Union




INTERNATIONAL TELECOMMUNICATION UNION

CCITT

THE INTERNATIONAL
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

BLUE BOOK

VOLUME IX

PROTECTION AGAINST INTERFERENCE

SERIES K RECOMMENDATIONS

CONSTRUCTION, INSTALLATION
AND PROTECTION OF CABLE AND OTHER
ELEMENTS OF OUTSIDE PLANT

SERIES L RECOMMENDATIONS

IXTH PLENARY ASSEMBLY
MELBOURNE. 14-25 NOVEMBER 1988 1984

Geneva 1989



INTERNATIONAL TELECOMMUNICATION UNION

CCITT

THE INTERNATIONAL
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

BLUE BOOK

VOLUME IX

PROTECTION AGAINST INTERFERENCE

SERIES K RECOMMENDATIONS

CONSTRUCTION, INSTALLATION
AND PROTECTION OF CABLE AND OTHER
ELEMENTS OF OUTSIDE PLANT

SERIES L RECOMMENDATIONS

IXTH PLENARY ASSEMBLY
MELBOURNE, 14-25 NOVEMBER 1988 1984

Geneva 1989

ISBN 92-61-03741-0



© ITU

Printed in Switzerland



Volume 1

FASCICLE 1.1

FASCICLE 1.2

FASCICLE 1.3

FASCICLE 1.4

Volume II -
FASCICLE II.1

FASCICLE 11.2

FASCICLE 11.3

FASCICLE I1.4

FASCICLE 11.5
FASCICLE 11.6
Volume III
FASCICLE 111.1

FASCICLE I11.2
FASCICLE II1.3
FASCICLE I111.4

FASCICLE 1ILS

CONTENTS OF THE CCITT BOOK
APPLICABLE AFTER THE NINTH PLENARY ASSEMBLY (1988)

BLUE BOOK

Minutes and reports of the Plenary Assembly.

List of Study Groups and Questions under study.

Opinions and Resolutions.

Recommendations on the organization and working procedures of CCITT (Series A).

Terms and definitions. Abbreviations and acronyms. Recommendations on means of
expression (Series B) and General telecommunications statistics (Series C).

Index of Blue Book.

General tariff principles — Charging and accounting in international telecommunications
services. Series D Recommendations (Study Group III).

Telephone network and ISDN — Operation, numbering, routing and mobile service.
Recommendations E.100-E.333 (Study Group II).

Telephone network and ISDN — Quality of service, network management and traffic
engineering. Recommendations E.401-E.880 (Study Group II).

Telegraph and mobile services — Operations and quality of service. Recommenda-
tions F.1-F.140 (Study Group I).

Telematic, data transmission and teleconference services — Operations and quality of
service. Recommendations F.160-F.353, F.600, F.601, F.710-F.730 (Study Group I).

Message handling and directory services — Operations and definition of service. Recom-
mendations F.400-F.422, F.500 (Study Group I).

General characteristics of international telephone connections and circuits. Recommenda-
tions G.100-G.181 (Study Groups XII and XV).

International analogﬁe carrier systems. Recommendations G.211-G.544 (Study Group XV).
Transmission media — Characteristics. Recommendations G.601-G.654 (Study Group XV).

General aspects of digital transmission systems; terminal equipments. Recommenda-
tions G.700-G.795 (Study Groups XV and XVIII).

Digital networks, digital sections and digital line systems. Recommendations G.801-G.961
(Study Groups XV and XVIII).

111



FASCICLE I11.6
FASCICLE I11.7
FASCICLE I11.8

FASCICLE II1.9

Volume IV

FASCICLE IV.1

FASCICLE 1V.2

FASCICLE 1V.3

FASCICLE 1vV4
Volume V

Volume VI

FASCICLE VI.1

FASCICLE VI.2
FASCICLE V1.3
FASCICLE VI.4
FASCICLE VIS
FASCICLE V1.6
FASCICLE VL7
FASCICLE V1.8
FASCICLE VL9

FASCICLE VI.10

v

!

[

Line transmission of non-telephone signals. Transmission of sound-programme and televi-
sion signals. Series H and J Recommendations (Study Group XV).

Integrated Services Digital Network (ISDN) — General structure and service capabilities.
Recommendations 1.110-1.257 (Study Group XVIII).

Integrated Services Digital Network (ISDN) — Overall network aspects and functions,
ISDN user-network interfaces. Recommendations 1.310-1.470 (Study Group XVIII).

Integrated Services Digital Network (ISDN) — Internetwork interfaces and maintenance
principles. Recommendations 1.500-1.605 (Study Group XVIII).

General maintenance principles: maintenance of international transmission systems and
telephone circuits. Recommendations M.10-M.782 (Study Group IV).

Maintenance of international telegraph, phototelegraph and leased circuits. Maintenance of
the international public telephone network. Maintenance of maritime satellite and data
transmission systems. Recommendations M.800-M.1375 (Study Group IV).

Maintenance of international sound-programme and television transmission circuits.
Series N Recommendations (Study Group IV).

Specifications for measuring equipment. Series O Recommendations (Study Group IV).

Telephone transmission quality. Series P Recommendations (Study Group XII).

General Recommendations on telephone switching and signalling. Functions and informa-
tion flows for services in the ISDN. Supplements. Recommendations Q.1-Q.118 bis (Study
Group XI).

Specifications of Signalling Systems Nos. 4 and 5. Recommendations Q.120-Q.180 (Study
Group XI).

Specifications of Signalling System No. 6. Recommendations Q.251-Q.300 (Study
Group XI). '

Specifications of Signalling Systems R1 and R2. Recommendations Q.310-Q.490 (Study
Group XI).

Digital local, transit, combined and international exchanges in integrated digital networks
and mixed analogue-digital networks. Supplements. Recommendations Q.500-Q.554 (Study
Group XI).

Interworking of signalling systems. Recommendations Q.601-Q.699 (Study Group XI).

Specifications 7. Recommendations

Group XI).

of Signalling System No. Q.700-Q.716 (Study

Specifications of Signalling System No. 7. Recommendations Q.721-Q.766 (Study
Group XI).

Specifications of Signalling System No. 7. Recommendations Q.771-Q.795 (Study

Group XI).

Digital subscriber signalling system No. 1 (DSS 1), data link layer. Recommendations
Q.920-Q.921 (Study Group XI).



FASCICLE VI.11

FASCICLE VI.12

FASCICLE VI.13

FASCICLE V1.14

Volume VII

FASCICLE VII.1

FASCICLE VII.2

FASCICLE VIIL.3

FASCICLE VII4

FASCICLE VIILS

FASCICLE VIIL.6

FASCICLE VIL7

Volume VIII

FASCICLE VIIIL1

FASCICLE VIIL2

FASCICLE VIIL3

FASCICLE VIII4

FASCICLE VIILS

FASCICLE VIIL6

FASCICLE VIIL7

FASCICLE VIIL8

Volume IX

Digital subscriber signalling system No. 1 (DSS 1), network layer, user-network manage-
ment. Recommendations Q.930-Q.940 (Study Group XI).

Public land mobile network. Interworking with ISDN and PSTN. Recommenda-
tions Q.1000-Q.1032 (Study Group XI). :

Public land mobile network. Mobile application part and interfaces. Recommenda-
tions Q.1051-Q.1063 (Study Group XI).

Interworking with satellite mobile systems. Recommendations Q.1100-Q.1152 (Study

Group XI).

Telegraph transmission. Series R Recommendations. Telegraph services terminal equip-
ment. Series S Recommendations (Study Group IX).

Telegraph switching. Series U Recommendations (Study Group IX).

Terminal equipment and protocols for telematic services. Recommendations T.0-T.63
(Study Group VIII).

Conformance testing procedures for the Teletex Recommendations. Recommendation T.64
(Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.65-T.101,
T.150-T.390 (Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.400-T.418
(Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.431-T.564
(Study Group VIII).

Data communication over the telephone network. Series V Recommendations (Study
Group XVII).

Data communication networks: services and facilities, interfaces. Recommenda-

tions X.1-X.32 (Study Group VII).

Data communication networks: transmission, signalling and switching, network aspects,
maintenance and administrative arrangements. Recommendations X.40-X.181 (Study
Group VII).

Data communication networks: Open Systems Interconnection (OSI) — Model and nota-
tion, service definition. Recommendations X.200-X.219 (Study Group VII).

Data communication networks: Open Systems Interconnection (OSI) — Protocol specifica-
tions, conformance testing. Recommendations X.220-X.290 (Study Group VII).

Data communication networks: interworking between networks, mobile data transmission
systems, internetwork management. Recommendations X.300-X.370 (Study Group VII).

Data communication networks: message handling systems. Recommendations X.400-X.420
(Study Group VII).

Data communication networks: directory. Recommendations X.500-X.521  (Study

Group VII).

Protection against interference. Series K Recommendations (Study Group V). Construction,
installation and protection of cable and other elements of outside plant. Series L Recom-
mendations (Study Group VI).



Volume X

FASCICLE X.1
FASCICLE X.2
FASCICLE X.3
FASCICLE X4
FASCICLE X.5

FASCICLE X.6

FASCICLE X.7

VI

Functional Specification and Description Language (SDL). Criteria for using Formal
Description Techniques (FDTs). Recommendation Z.100 and Annexes A, B, C and E,
Recommendation Z.110 (Study Group X).

Annex D to Recommendation Z.100: SDL user guidelines (Study Group X).

Annex F.1 to Recommendation Z.100: SDL formal definition. Introduction (Study
Group X).

Annex F.2 to Recommendation Z.100: SDL formal definition. Static semantics (Study
Group X).

Annex F.3 to Recommendation Z.100: SDL formal definition. Dynamic semantics (Study
Group X).

CCITT High Level Language (CHILL). Recommendation Z.200 (Study Group X).

Man-Machine Language (MML). Recommendations Z.301-Z.341 (Study Group X).



Rec.

K.1
K.2

K.3

K.4
K.5
K.6
K.7
K.8

K.9

K.10
K.11
K.12

K.13
K.14
K.15

K.16

K.17

K.18

No

CONTENTS OF VOLUME IX OF THE BLUE BOOK

Part I — Series K Recommendations

Protection against interference

Connection to earth of an audio-frequency telephone lineincable. . . . ... ... ...

Protection of repeater power-feeding systems against interference from neighbouring
electricity lines . . . . . . . . .. .. e e

Interference caused by audio-frequency signals injected into a power distribution
1 A7) o<

Disturbance to signalling . . . . ... .. ... .. ... e
Joint use of poles for electricity distribution and for telecommunications . . . . . . ...
Precautions at crossings . . . . ... .. R I
Protection against acoustic shock . . . .. e e e e e e e e e e e e e e e e e e

Separation in the soil between telecommunication cables and earthing system of power
FaCilities . . . . o o o i e e e e e e e e e e e e e e e e e

Protection of telecommunication staff and plant against a large earth potential due to
a neighbouring electric traction line . . . . .. .. .. ... ... .. .. . o ..

Unbalance about earth of telecommunication installations . . . ... ... ........
Principles of protection against overvoltages and overcurrents . . .. ...........

Characteristics of gas discharge tubes for the protection of telecommunications installa-
HOMS . . . o o e e e e e e e e e

Induced voltages in cables with plastic-insulated conductors . . ... ...........
Provision of a metallic screen in plastic-sheathed cables . . . . . ... ... ........

Protection of remote-feeding systems and line repeaters against lightning and interfer-
ence from neighbouring electricity lines . . .. ... ....... .. ... ... ...,

Simplified calculation method for estimating the effect of magnetic induction from
power lines on remote-fed repeaters in coaxial pair telecommunication systems . . . . .

Tests on power-fed repeaters using solid-state devices in order to check the arrange-
ments for protection from external interference . . . . . .. ... .. ... ... ......

Calculation of voltage induced into telecommunication lines from radio station broad-
casts and methods of reducing interference . . . ... ... ... ... ... ... .. ...

Volume IX — Contents

Page

~N W A A

1
12
19

27
40
41

47

50

72

82

VII



Rec. No

K.19
K.20

K.21
K.22
K.23

K.24
K.25
K.26

L1

L2
L3
L4
LS
L.6
L7
L.8
L9
L.10
L.11

1

Joint use of trenches and tunnels for telecommunication and power cables . . . . . ...

Resistibility of telecommunication switching equipment to overvoltages and over-
CUITENES . . v v v v v e et e e e e e e e e e e et e e e e e e e e

Resistibility of subscribers’ terminals to overvoltages and overcurrents . ... .. .. ..
Overvoltage resistibility of equipment connected to an ISDN T/Sbus . .........

Types of induced noise and description of noise voltage parameters for ISDN basic
usernetworks . . . . ... ... Lo e e e e e e e e e

Method for measuring radio-frequency induced noise on telecommunications pairs . . .
Lightning protection of optical fibre cables . . ... ... ... ...............

Protection of telecommunication lines against harmful effects from electric power and
electrified railway lines . . . . . . . . . . . . . .. e e e

Part II — Series L Recommendations

Construction, installation and protection of
cables and other elements of outside plant

Construction, installation and protection of telecommunication cables in public
NEtWOTKS . . . . . . L . e e e e e e e e e e e e e e e e e e e e e

Impregnation of wooden poles . . . . . ... ... ... .. ... . L .,
Armouring of cables . . . . . . . ... e e
Aluminium cable sheaths . . . . . ... ... ... ... .. ... L L.
Cable sheaths made of metals other than lead or aluminium . ...............
Methods of keeping cables under gas pressure. . . . .. ... ... .. ... ... ..
Application of joint cathodic protection . . . ... ......................
Corrosion caused by alternating current . . . . . ... ... ... ..............
Methods of terminating metallic cable conductors . . .. ... ...............
Optical fibre cables for duct, tunnel, aerial and buried application. . .. ... ... ...

Joint use of tunnels by pipelines and telecommunication cables, and the standardiza-
tion of underground ductplans . . . ... ... ... ... ... L oo L.

~

PRELIMINARY NOTES

tion No. 1 to that Study Group.

2

/

tion Administration and a recognized private operating agency.

VHI

Volume IX — Contents

Page

99

100
109
115

118
122
123

126

129
129
130
132
135
136
137
138
139
142

150

The Questions entrusted to each Study Group for the Study Period 1989-1992 can be found in Contribu-

In this Volume, the expression “Administration” is used for shortness to indicate both a telecommunica-



PART 1

Series K Recommendations

PROTECTION AGAINST INTERFERENCE



PAGE INTENTIONALLY LEFT BLANK

PAGE LAISSEE EN BLANC INTENTIONNELLEMENT



PROTECTION AGAINST INTERFERENCED

Recommendation K.1

CONNECTION TO EARTH OF AN AUDIO-FREQUENCY
TELEPHONE LINE IN CABLE

(New Delhi, 1960)

Introduction

The present state of technique is such that cables can now be so manufactured that the capacitances of the
various circuits at audio-frequencies, with respect to the sheath, are very exactly balanced.

This balance of the capacitances is adequate in the case of circuits having no unbalanced connections to
earth.

On the other hand, every connection to earth, even with apparent balance, is likely to involve the
inductance and resistance unbalances of each of the circuits to which such an earth connection is made.

The dielectric strength between the conductors of a cable is appreciably less than that between the
conductors and the sheath and, consequently, the connection to earth of some of these conductors would create a
danger of breakdown of the dielectric separating the conductors when the cable is subjected to severe induction.

When a loaded cable is subjected to a high induced electromotive force, the presence of connections to
earth would permit a flow of current the value of which could, in some cases, exceed the limit for avoiding
deterioration of the magnetic properties of loading coils.

For these reasons, the CCITT makes the following unanimous recommendations:

No earth connection should be made at any point whatsoever on an audio-frequency circuit, unless all the
line windings of the transformers are permanently connected to the sheath by low resistance connections at one or
both ends of the cable.

As a general rule, it is desirable not to make any earth connection at any point whatsoever on an
installation (telephone or telegraph) connected metallically to a long-distance line in cable.

However, if, for special reasons, an earth connection must be made to an installation directly connected to
audio-frequency circuits, the following precautions should be taken:

a) The earth connection must be made in such a manner as not to affect the balance of the circuits with
respect to earth and with respect to the neighbouring circuits.

b) The breakdown voltage of all the other conductors of the cable, with respect to the conductors of the
circuit connected to earth, must be appreciably greater than the highest voltage which, owing to
induction from neighbouring electricity lines, could exist between these conductors and those of the
circuit connected to earth.

¢) When the installation connected to the cable is a telegraph installation, it is also necessary to conform
to CCTT Recommendations concerning the conditions for coexistence of telephony and telegraphy
(Series H Recommendations).

1) See the CCITT manual Directives concerning the protection of telecommunication lines against harmful effects from electric
power and electrified railway lines, ITU, Geneva, 1988 (see also Recommendation K.26).
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Recommendation K.2

PROTECTION OF REPEATER POWER-FEEDING SYSTEMS AGAINST
INTERFERENCE FROM NEIGHBOURING ELECTRICITY LINES

(New Delhi, 1960)

To avoid interference to the power feeding of repeaters, either by magnetic induction from a neighbouring
electricity line or as the result of resistance coupling with a neighbouring electricity line, the CCITT recommends
that, whenever possible, the repeater power-feeding system should be so arranged that the circuit in which the
power-feeding currents circulate (including the units connected to it) remains balanced with respect to the sheath
and to earth.

Recommendation K.3

INTERFERENCE CAUSED BY AUDIO-FREQUENCY SIGNALS
INJECTED INTO A POWER DISTRIBUTION NETWORK

(New Delhi, 1960)

In the event of the use by electricity authorities of audio-frequency signals injected into the power
distribution network for the operation of remote control systems, such signals may cause interference to
neighbouring telecommunication lines.

Calculation of such interference may be carried out, using the formulae in the Directives, and finding the
values of the equivalent disturbing voltages and currents for these audio-frequency signals.

Recommendation K.4

DISTURBANCE TO SIGNALLING

(Geneva, 1964)

In order to reduce interference to direct current signalling or to alternating current signalling at mains
frequencies on telecommunication lines on open wires, in aerial or underground cables, or on composite lines,
arising from neighbouring alternating or direct current electricity lines, the possibility should be examined of
adopting one or more of the following methods in each case where such interference appears liable to be
produced or where it has been observed to exist:

— development and use of telecommunication systems:

a) in which the balance to earth of the signalling circuit is maintained in all circumstances, even
during switching operations (see [1]);

b) in which, besides being balanced, interference in such systems due to longitudinal currents
arising from direct or indirect earth connections is avoided;

— choice of site for telephone exchange earths so that, as far as possible, they are, in particular, remote
from electric traction lines and also from the earth electrodes of power systems;

— adoption of measures for reducing induced currents (use of telephone cables with a low screening
factor, use of booster transformers in single-phase traction lines, etc.) to facilitate the use of existing
signalling systems;

— use of neutralizing transformers or use of the active reduction system in telecommunication circuits to
compensate currents produced by induced voltages;

— use of tuned circuits to provide a high impedance at the frequency of the interfering current.

4 Volume IX — Rec. K.4



(1

[2l

Note — The Directives concerning the protection of telecommunication lines against harmful effects from
electric power and electrified railway lines mention a limit of 60 V for the voltage induced into telecommunication
lines. This limit of 60 V concerns only the safety of personnel and should not be taken to be a limit for the
purpose of ensuring that there is no interference to signalling systems. In the case of unbalanced signalling
systems, such interference may be caused by much lower voltages, as is mentioned in [2].

References

CCITT manual Directives concerning the protection of telecommunication lines against harmful effects from
electric power and electrified railway lines, Vol. IX, ITU, Geneva, 1988.

Ibid., Vol. VL.

Recommendation K.5

such an arrangement, to take the following general considerations into account:

(1

JOINT USE OF POLES FOR ELECTRICITY DISTRIBUTION
AND FOR TELECOMMUNICATIONS

(Geneva, 1964)

Administrations that wish to adopt joint use of the same supports for open-wire or aerial cable
telecommunication lines and for electricity lines are recommended, when national laws and regulations permit

,

1) There are economic and aesthetic advantages to be derived from the joint use of poles by
Administrations and electricity authorities.

2) When suitable joint construction methods are used, there is, nevertheless, some increased likelihood of
danger by comparison with ordinary construction methods, both to staff working on the telecommuni-
cation line and to the telecommunication installation connected thereto. Special training of personnel
working on such lines is highly desirable and especially when the electricity line is a high-voltage line.

3) The rules given in the Directives in connection with danger, disturbance, and staff safety should be
complied with (see [1]).

4) Special formal agreements are desirable between the Administration and the electricity authority in the
case of joint use of poles in order to define responsibilities.

5) If joint use is applied on short sections (of the order of 1 km), in most cases a few simple precautions
may be enough to ensure that disturbances due to electric and magnetic induction are tolerable.

Reference

CCITT manual Directives concerning the protection of telecommunication lines against harmful effects from
electric power and electrified railway lines, Vol. 11, ITU, Geneva, 1988.

Recommendation K.6

PRECAUTIONS AT CROSSINGS

(Geneva, 1964)

Introduction

Crossings between overhead telecommunication lines and electricity lines present dangers for persons and
for equipment.

A number of arrangements have been made by the responsible authorities in various countries, resulting in
national regulations. These regulations are sometimes rather inconsistent and the effectiveness of the arrangements
made varies somewhat.
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Bearing in mind the stage now reached in technique and the experience gained in the various countries, it
now seems possible for the CCITT to issue a Recommendation advocating the arrangements which seem to be the
most effective, on the basis of which countries might draw up or revise their national regulations.

It is therefore recommended that, when an overhead telecommunication line has to cross an electricity line,
either of two methods may be used: namely, to route the overhead telecommunication line in an underground
cable at the crossing, or to leave it overhead.

1 Line routed underground

This method is not always to be recommended because if a conductor of the electricity line breaks, the
underground cable may be in a region where the ground potential is high. This situation is dangerous if the cable
has a bare metallic sheath; the higher the voltage of the power line, the shorter the length of the cable section, and
the higher the resistivity of the soil, the greater is the danger. This dangerous situation also arises whenever an
earth fault occurs on a pylon near the cable.

If circumstances require the overhead line to be routed in a cable, special precautions will have to be taken
at the crossing, for example:

— the use of an insulating covering around the metal sheath of the cable;
— the use of a cable with an all-plastic sheath.

2 Line left overhead

The method whereby the power line is separated from the telecommunication line by a guard-wire or a
cradle cannot generally be recommended.

In any case, regardless of the circumstances, a minimum vertical distance has to be kept between
telecommunication conductors, in conformity with national regulations.

There are, moreover a number of arrangements that could be introduced to reduce the danger:

2.1 Use of a common support at the crossing-point, provided the insulators used for the telecommunication line
have, if necessary, a high breakdown voltage.

22 Insulation of the conductors, preferably the telecommunication conductors, provided that such insulation is
properly adapted to the conditions existing.

23 Reinforcement of the construction of the power line where the crossing takes place, so as to minimize the
risk of a break.
3 Circumstances in which the various arrangements in §§ 2.1, 2.2 and 2.3 above are applicable

The application of these methods depends primarily on the voltage of the power line. The voltage ranges
to be taken into account are not related to the International Electrotechnical Commission (IEC) standardization,
because of the special features of the problem raised.

3.1 Systems using voltages of 600 V or less

Arrangements to be as in § 2.1 and/or § 2.2.

3.2 Systems using voltages of 60 kV or more

(In particular the “high reliability” system referred to in [1].)

Arrangements to be as in § 2.3, if necessary.

33 Intermediate voltage systems

For the 600-V to 60-kV range, because of the variety of voltages, the mechanical characteristics of lines
and the operating methods encountered, it is impossible to issue precise recommendations.

However, one or more of the arrangements described above might be applicable, although certain special
cases call for thorough examination in close collaboration with the services concerned.

Reference
[1] CCITT manual Directives concerning the protection of telecommunication lines against harmful effects from

electric power and electrified railway lines, Vol. VI, ITU, Geneva, 1988.
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Recommendation K.7

PROTECTION AGAINST ACOUSTIC SHOCK

(Geneva, 1964; modified at Malaga-Torremolinos, 1984)

In certain unfavourable circumstances, sudden transient voltages of exceptionally high instantaneous
amplitude, of the order of 1 kV for example, may occur across a telephone set which is normally connected to a
metal wire line, as a result of electromagnetic disturbances affecting the line.

If such voltages occur during a telephone call, they are liable to cause, through the earphone, such strong
sound pressure as to endanger the human ear and the nervous system.

Such bursts are most likely to occur when lightning protectors are inserted in the two conductors of a
telephone line and do not function simultaneously, so that a compensating current flows through the telephone.
The CCITT therefore recommends the use, particularly on lines equipped with vacuum lightning protectors, of
protection devices against acoustic shock arising from inadmissibly high induced voltages (see Chapter 1/6 of the
Directives, page 16).

Such devices consist, for example, of two rectifiers, in parallel and with opposite polarities, or of other
semiconductor components connected directly in parallel to the telephone receiver.

For telephone sets of more recent design, sudden voltage bursts liable to occur in the receiver may be
eliminated by ensuring that the electrical circuits between the access to the line where dangerous voltages originate
and the earphone itself have suitable characteristics.

It is also recommended that the proposed provisions should limit the aural discomfort which might be
caused by abnormal electrical signals applied to subscriber systems as a result of erroneous operation or unwanted
actuation of the equipments to which subscriber systems are connected.

The provisions adopted to provide protection against acoustic shock should:

— be compatible with the technical requirements applicable to the equipment;

— facilitate performance checks;

— not noticeably impair telephone transmission quality.

For this purpose, it is particularly recommended that:

1) with regard to specific devices, their dimensions should be such that they occupy a small space, so
that they can be placed in the case of the subscriber’s or operator’s telephone receiver;

2) the electrical characteristics should not show significant changes under the temperature and humidity
conditions to which the device is subjected in service;

3) effectiveness should be checked in conformity with the provisions of CCITT Recommendation P.36.

Recommendation K.8

SEPARATION IN THE SOIL BETWEEN TELECOMMUNICATION CABLES
AND EARTHING SYSTEM OF POWER FACILITIES

(Mar del Plata, 1968; modified at Melbourne, 1988)

Introduction
If a buried telecommunication cable without an insulating layer around the metal sheath is located in the

vicinity of a high voltage earthing system, part of the earth potential rise (EPR) in the event of an earth fault in
the high voltage system can transfer to the telecommunication system through resistive coupling.
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According to CCITT and CIGRE"D documents [1-3], EPR from high voltage power installations is
recognized as a source of dangerous disturbance to telecommunication systems and a hazard to service personnel.

It is possible to calculate EPR near power installations following the methods given in the Directives [1]
(see Volumes II and III), and this is especially recommended for dealing with switchyard earthing systems.

The object of the present Recommendation is to give practical guidelines in determining safe distances
between buried telecommunication cables and earthing systems of power facilities in the absence of local
measurements or calculated values of EPR.

1 Scope

Earth fault in a power system causes earth currents which raise the earth potential where the fault current
leaves and enters the earth. The magnitude and extension of the EPR depends on the fault current level, the
earthing resistance, the soil resistivity and the layout of the earthing arrangement. The duration of an earth fault
depends on the type of power network.

This Recommendation gives information about:

a) locations where EPR may occur;

b) duration of EPR in different types of power networks;

c) “safe distance” between telecommunication cables and power installations;

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

2 General considerations

The minimum separation in soil to be recommended between an earthing system of a power installation
and telecommunication cables depends on a number of factors:

— type of power network;

— fault current level;

— power earthing system;

— soil resistivity;

— local conditions.

3 Type of power network

Power networks are classified according to how the neutral point is connected to earth. The earthing
system affects both the level and duration of the fault current, and hence the EPR.

3.1 Networks with the neutral point earthed directly or through a low impedance

The level of an earth-fault current is high. A relay system will clear the fault in a short time.

32 Networks with the neutral point earthed through an arc suppression coil

The level of an earth-fault current is small, usually not exceeding 100 amperes for each coil. The duration
of an earth fault is relatively short.

Such networks may be equipped with delayed tripping to clear permanent earth faults.

D' CIGRE International Conference on Large High-Tension Electric Systems.
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33 Networks with the neutral point isolated from earth

The level of an earth-fault current is normally low, but the fault duration might be very long. Networks of
large extent may give rise to large capacitive fault currents.

If such networks are equipped with devices for automatic fault clearing, the fault duration is short to
medium.

4 Locations where earth potential rise may occur

4.1 Power stations and sub-stations

Power stations and sub-stations are most likely to experience EPR. The size of the station, the number and
construction of power lines attached to the station, and the earthing arrangement are factors influencing the level
and station, and the earthing arrangement are factors influencing the level and zone of EPR. As given in
reference [4] the layout and structure of the earthing arrangement depends on regulations, size, age, purpose and
location. If the power lines entering the station are provided with earth wires, they will be connected to the
earthing system in the station.

4.2 Power line towers

Power line towers with footing electrodes are subjected to EPR due to earth-fault current in the power
system, and currents from lightning strikes. If the power line is equipped with earth wires, these will normally be
connected to the tower electrodes. The probability of high EPR decreases when a power line is equipped with
earth wires.

5 Magnitude of earth potential rise

The magnitude of the EPR depends on the power system voltage, the power line construction, the fault

current level and the earthing resistance.

6 Zone of earth potential rise

EPR is measured as the earth potential referred to a distant neutral earth. The zone of EPR, near an
earthing system, varies from some tens to some thousands of metres, depending on soil resistivity, the layout of
the earth electrode, and other local conditions. Further information is found in reference [5]. The zones of EPR in
urban areas are small compared to what can be expected in rural areas. Only EPR zones having a potential higher
than values given in reference [1] are considered as dangerous. Measurements and calculation of the EPR zones
are made by the power distribution authorities.

7 Duration of earth potential rise

The duration of an earth fault and hence the EPR, depends on the type of power network.

7.1 Networks with the neutral point earthed directly or through a low impedance

The duration of an earth fault is generally less than 0.2-0.5 s.

7.2 Networks with the neutral point earthed through an arc suppression coil

The duration of an earth fault is normally less than 0.8 s, but may in some cases last for several seconds.
Such networks may be equipped with delayed (a few seconds) tripping to clear permanent earth faults.
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73 Networks with an isolated neutral point

The duration of an earth fault can be very long, and may last until another earth fault occurs.

If such networks are equipped with automatic fault-clearing devices, the fault duration may be as short as
in § 7.1.

8 Minimum separation in soil between buried telecommunication cables and power earthing systems

The EPR near a high voltage earthing system can be estimated from calculations based on idealized earth
electrodes and a homogeneous soil resistivity in the EPR zone. In practice it is not possible to make an exact
calculation of the potential transferred from a high voltage earthing system to an adjacent telecommunication
cable. However, by feeding a current into the high voltage earthing system from a sufficiently great distance, the
voltage between the cable sheath and an auxiliary electrode in the area of neutral potential can be measured. The
result must be corrected proportionately to the actual earth-fault current. (On armoured cables the correction
factor is not linear, but depends on the magnetic characteristic of the ferromagnetic cable screen.) In the absence
of other experiments, local measurements or calculated values of EPR, the values in Table 1/K.8 for the minimum
separation in soil between “ordinary” telecommunication cable with a metal sheath in direct contact with the soil
and a high voltage power earthing system should be observed.

TABLE 1/K.8

Separation in soil (in metres) between telecommunication cables and high voltage earthing systems
beyond which no calculation nor measurement is necessary

Power network system with
Earth resistivity K Location
isolated neutral or arc .
. . directly earthed neutral
suppression coil
2 S Urban
Less than
hm -
50 ohm - m 5 10 Rural
5 10 Urban
50-500 ohm - m
10 20 Rural
10 50 Urban
500-5000 ohm - m
20 100 Rural
10 50 Urban
Greater than
5000 ohm - m 20 100-200 9 Rural

3 200 metres in areas with extremely severe soil conditions, i.e. greater than 10 000 ohm - m.

Note 1 — The values in the table normally refer to lines and installations which have a nominal voltage equal to or greater than
132 kV.

Note 2 — The hazards due to lightning strokes on electric plants are not covered and may require taking into considerating the
methods of § 9 for high keraunic level areas.

Note 3 — In the case of tower earthing, much shorter distances can be used if the power lines include earth wires.

Note 4 — Hazards for people working on telecommunication lines inside the zone of EPR is not taken into consideration by
these values; such hazards require additional measures or precautions.
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Measures to be taken to avoid hazards from EPR

The primary method to avoid dangerous influence from EPR is to increase the distance between

telecommunication cables and power earthing systems. If local conditions do not permit sufficient separation to
avoid dangerous EPR, the telecommunication cables should be provided with insulation, for example by placing
the cables in insulating plastic tubes.

When the magnitude of EPR is extremely high, or the zone of EPR is of very great extension, optical fibre

cables or radio-relay systems may be used instead of metallic cables.

(1]

(2]
B3]
(4]
151
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Recommendation K.9

PROTECTION OF TELECOMMUNICATION STAFF AND PLANT
AGAINST A LARGE EARTH POTENTIAL DUE TO A NEIGHBOURING
ELECTRIC TRACTION LINE

(Mar del Plata, 1968)

General

From the technical standpoint the precautions taken on electrified railways to protect staff and plant may

differ according to a number of factors, the chief of which are:

— ground resistivity;

— electrical line equipment (track circuits) which, though necessary for railway safety installations, may
prevent the systematic connection to rail of metal structures near the railway;

— the characteristics of the protective devices required which, with a.c. electric traction systems, may be
to some extent affected by the presence (or absence) of booster-transformers;

— the degree of insulation of the contact system, which may also affect the nature of the protective
devices, particularly in the case of relatively low-voltage electric systems such as 1500 V d.c. lines;

— the means to be recommended for linking a metal structure to the rail in case of overvoltage without
making a permanent connection (one method is to make the connection via a spark gap).

A.c. electric traction lines

It is recommended that neighbouring metal structures, for example all those within a certain distance from

the line, be connected to rail, provided that there are no safety installations which make this impossible.

If the structures cannot be connected to rail, it is recommended that they be earthed to an earth electrode

having a sufficiently low resistance.
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3 D.c. electric traction lines

Protective measures should also take account of the need to avoid any risk of electrolytic corrosion. Such
measures may amount to connecting to rail only such metal structures as are sufficiently insulated from the
ground or linking them via a spark gap or, in the case of metal structures carrying an adequately insulated contact
system or lines with a sufficiently low service voltage, connecting neither to rail nor to earth.

4 Telecommunication cables

In new installations, it is recommended that cables near rails, at the entry to substations or over metal
bridges should have an outer plastic covering, possibly of high dielectric strength, where it is necessary to prevent
contact between the cables and such structures.

If, on the other hand, cables with metal sheaths already exist, a good solution, at least in the case of large
railway stations, may be to connect the sheaths to rail.

5 Conditions to be fulfilled by PTT installations in the neighbourhood of electric traction lines

The following are the main precautions taken to protect such installations:
— placing them outside the danger zone;
— screening;

— substituting insulating components for metal components, in particular the sheaths or covering of
cables or in the construction of repeater cabinets or boxes.

Note — The above recommendations are inspired solely by technical considerations which are to be

carefully weighed up in each case. It goes without saying that every Administration must comply with the laws
and regulations in force in its country.

Recommendation K.10

UNBALANCE ABOUT EARTH OF TELECOMMUNICATION INSTALLATIONS

(Mar del Plata, 1968; modified at Malaga-Torremolinos, 1984)

1 Unbalance about earth of telecommunication equipments

In the interests of maintaining an adequate balance of telecommunication equipments and of the lines
connected to them, it is recommended that the minimum permissible value for the unbalance of telecommunica-
tion installations longitudinal conversion loss (LCL) should be 40 dB (from 300 to 600 Hz) and 46 dB (from
600 to 3400 Hz). This is a general minimum value and does not exclude the possibility of higher minimum values
being quoted for particular requirements in other Recommendations of the CCITT V.

The test arrangement in Figure 1/K.10 should be used to measure the unbalance of telecommunications
equipment.

Nomenclature, definition and measurement of unbalance are based on Recommendations G.117
and O.121.

D See, in particular, Recommendation Q.45, and also the outcome of further studies under Question 13/V [1].
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b= Y4 Item under test 2 []
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S (See Note)

4 CCITT-76410
Note — Measurements are normally made, and limits specified, with switch S closed. However,
for certain equipments, e.g. those described in Recommendation Q.45, it may be necessary to

specify limits for longitudinal conversion transfer loss (LCTL) with switch S closed and with
switch S open.

FIGURE 1/K.10

Test arrangement

The specification Z;; = Z,/4, Z;, = Z,/4 should apply in the audiofrequency range. (See Recommenda-
tion Q.45 and Recommendation O.121, § 3.2.)

The following terms are specified:

— longitudinal conversion loss (LCL) (applicable for one- and two-port networks):

T1

20 10g|0 dB

— longitudinal conversion transfer loss (LCTL) (applicable for two-port networks only):

Ep,

T2

20 10g|0 dB

2 Unbalance about earth of telecommunication lines

If a long line is tested, essentially the same test circuit and nomenclature should be used as given in
Figure 1/K.10. However, both the longitudinal induction and unbalances are distributed along the line. Conse-
quently, the longitudinal conversion losses and longitudinal conversion transfer losses are not only determined by
the inherent parameters but also by the distribution of the wire to earth/sheath voltages. To obtain the effect of
unbalance in practical cases, it is recommended that measurements be made both with the wire to sheath voltage
of constant polarity (i.e. supply at end, see Table 1/K.10) and with the wire to sheath voltage changing in polarity
at the midpoint (i.e. supply at the middle, see Table 2/K.10).

In Table 3/K.10, conclusions derived from those measurements are listed.
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TABLE 1/K.10

Unbalance test results for a line
when the longitudinal path is energized at one of the terminations

y —O0 1 20
| o~ Z,
Z| |- > z 7Y
. 01 2'0- ' o
> S
2
Earth/sheath v
Port 1 Port 2
Termination Terms used Terms used Termination
Longitudinal conversion losses Longitudinal conversion
transfer losses
OL 20 logyp | =Ll 20 logio | —- S,/ Open
u o ve
n 7
S Closed
20 logye | — 20 log;o 2 2?
Al ™

Longitudinal conversion
transfer losses

Longitudinal conversion losses

E
l 20 lo Lz 20 logyo | —=

810 Ve
Open \ S, n 2
Closed |'Ss, 20 log;o | =22 20 logyo | —=2
T1 n2

0

Note 1 — The superscripts of o and c indicate the open and closed state of switch S, respectively.

CCITT-76420

Note 2 — The values of V¢ and Vg, give some indication to the distribution of wire to earth/sheath voltage.
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TABLE 2/K.10

Unbalance test results for a line

when the longitudinal path is energized at an intermediate section

y -0 1 20 y
Z,_ Z,
— rd I Line Az 1
being :
6 R 4 o1 tested. 2’0 y ~ Py
Vo A n
EL
y Ja\ 4
U
—4 -—
Port 1 Port 2
Test
No. Termination Longitudinal conversion losses Longitudinal conversion losses Termination
1 |open \S 20 logyo | —= 20 logyp | —= S, / Open
T 7
2 | Closed ‘s, 20 logyo ﬁ. 20 logo L‘ s,| Closed
yee yee 2
n T2
I E E j
3 Open S, 20 logyo —OLC 20 logo ;3';—‘ S, Closed
T 2
. E, l
4 | Closed |S, 20 logyo | — 20 logyy | — S, / Open
VCO
T T2

Note 1 — The superscripts of o and c indicate the open and closed state of the switches, respectively.
Note 2 — The values of ¥z, and Vg, give some indication to the distribution of wire to earth/sheath voltage.

CCAT-76430
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TABLE 3/K.10

Measurement procedures for the determination of
unbalance about earth for lines

Measurement situation Characteristics under examination
E.m.f. applied to terminals Degree of unbalance inherent to a line itself :
(see Table 1/K.10)
— highest transverse voltage normally measured on a line
v
"; — distribution of unbalance along a line (by interchanging
transmitter and receiver)
— determination of line sections with abnormal high un-
balance
> . N
M Length (2)
Wire to sheath voltage of
some polarity
E.m.f. applied at the midpoint of line Influence of distribution of line to sheath voltage along a
(see Table 2/K.10) line :
— transverse voltages more in accordance with practical
situations
Vi
4 — compensation effects due to changing polarity of line to
sheath voltage
— indications for polarity of unbalance by comparison with
results of other line to sheath voltage distributions
! »
>
m Length (2
|
1
Wire to sheath voltage changes
polarity at the midpoint

CCITT-76440

Note — If the longitudinal path is closed by switches, the effect of a terminal equipment connected to line with
low impedance with respect to earth is simulated.

ANNEX A

(to Recommendation K.10)

Example for calculating transverse voltages of a telecommunications line

Al General

The Contribution mentioned in reference [2] contains many calculated values regarding the relationship
between the longitudinal voltage and its conversion into the transverse one. This annex is an extract of that
Contribution. It gives background information about the application of measurement proposals for lines which are
contained in Recommendation K.10.
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The most important results are summarized in Table A-1/K.10. They relate to a symmetric pair composed
of paper-insulated copper wires of 0.9 mm in diameter and stranded in star quads with an equivalent mutual
capacitance of 34 nF/km. In the course of the calculation, only the capacitance unbalance has been simulated.

A2 Wire to sheath voltages

The distribution of the wire to sheath (earth) voltages are basically determined by (see column 2 of
Table A-1/K.10 where, for the sake of simplicity, it is assumed that the total voltage source in the longitudinal
path is 100 V): '

— the location of the longitudinal source (see column 1 in Table A-1/K.10), and

— the termination of the longitudinal path (see column 3 of Table A-1/K.10).

On the basis of schemes indicated in column 2 of Table A-1/K.10, the following tendencies are worth
mentioning:

a) When the e.m.f. is applied at one of the terminals of the longitudinal path, the wire to sheath voltages
tend to be uniform with the same polarity along the line. When switch S is closed, the voltages
decrease (compare the solid line with broken ones in the 1st row and 2nd column).

b) When the e.m.f. is applied at an intermediate section of the line, e.g. concentrated in the middle or
distributed uniformly, then the wire to earth voltages have the same magnitudes but opposite polarity
on each half of the line (see the curves of broken line in the 2nd and 3rd rows). The symmetry of the
distribution is disturbed if only one switch at the terminals is closed (see the solid lines in the 2nd and
3rd rows). The differences between voltage distributions arising from terminations of open/closed and
closed/closed switch positions tend to decrease with the increase of both the length of line and
frequency.

A3 Longitudinal conversion losses

The longitudinal conversion losses and the longitudinal transfer losses (defined in Tables 1/K.10 and
2/K.10) are basically determined by:

— the distribution of wire to sheath voltages, see § A.2, and

— the magnitude and distribution of capacitance unbalance.

Regarding the second aspect, three cases have been studied. These are indicated in Table A-1/K.10 as
one-sided, perfectly equalized and equalized with additional unbalance. The one-sided uniform AC = 600 pF/km
tends to simulate the worst case which in practice does not exist. The perfectly equalized line (with crossing at
each 0.5 km) can also never be reached.

The magnitudes of longitudinal conversion losses can be explained by a consideration of the fact that high
transverse voltages are generated as a result of capacitance unbalance if the location of an unbalance coincides
with high wire to earth voltages. The unbalance of a subsequent section tends to amplify the transverse voltage if
both the direction of the unbalance and polarity of the wire to earth voltage are the same as those of the previous
section. However, if one of them is reversed, the resultant transverse voltages become lower.

In the case of a well equalized line, the magnitude of the longitudinal conversion losses is high and is
largely independent of both the location of the e.m.f. and the position of the switches at the terminals (see
column 5 in Table A-1/K.10).

If the conversion losses increase significantly in magnitude with the opening of switch S and depend on
the direction of supply, then the presence of local unbalance may be expected (see column 6 of Table A-1/K.10).

The low values of longitudinal conversion losses (i.e. less than 60 dB) might be caused by a one-sided
nature of the capacitance unbalance (see column 4 of Table A-1/K.10). This is the case for Recommendation K.10
where the testing method specified in § 2 may produce significantly higher values for longitudinal conversion
losses than the actual values in real conditions of power induction. In this case, more realistic values can be
obtained by the method given in Table 2/K.10.
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TABLE A-1/K.10

Demonstration of wire to earth voltages and longitudinal conversion losses
(length of cable: 10 km; frequency: 800 Hz; capacitance unbalance: AC = 600 pF/km)

Longitudinal conversion losses dB
Character of AC distribution
. o . Termination of Ac One-sided Perfectly equalized Equalized with
Location Distribution of wire longitudinal path . additional unbalance
of e.m.f. to earth voltage (switch position) }
at terminal
R (1) R (2) R (1) S (2) R (1) S (2) R (1) s (2)
vt (+) Case 1 Case 1 ! 1500
open S 49 49 101 101 77 84
60 |- pe
) S22
At terminal S (1) wrE - -
-~ Case 2
1502 150 Q
wr closed és % 53 53 112 102 83 90
R s
Case 3 F:H 0
open \ S, S, ] closed 57 58 96 100 78 84
At the middle
Case4 [ion | 1500
closed }S, S, | closed 70 70 100 29 83 88
Case & F:—o 150Q
open W S, S, | closed 57 58 95 102 78 84
Uniform
Case 6 550 | 1500
closed | S, S, | closed 74 74 99 101 83 88
Col. 1 Col. 3 Col. 4 Col.5 Col. 6

CCITT-70410



The main unbalance on lines is the capacitance unbalance. However, occasionally, the resistive unbalance
(series resistance, R) is important as well. As has been pointed out before, when switch S, is open, the effect of
shunt unbalance (in case of line C) is emphasized. If the switch S, (or S; and S, indicated in Table 2/K.10) is
opened and the conversion loss remains unchanged (or even decreases), it indicates that series unbalance may not
be the primary cause of the line unbalance. On the other hand, if there is an increase, the series unbalances are
dominant. It should be noted, that while the reason for having Z; and S, is to allow the tester to distinguish
between series and shunt unbalances of the line, the effectiveness of this feature depends on the shunt impedance
of the line provided by the resultant earth capacitance of the line (e.g. length of line [3]).

References
[1] CCITT Question 13/V Unbalance of telephone installations.

[2] CCITT Contribution COM V-38, Study of relation between unbalance and induced transverse voltages,
1981-1984 (Hungarian Administration).

[3] IEEE Std 455 — 1976 IEEE Standard test procedure for measuring longitudinal balance of telephone
equipment operating in the voice band. Published by IEEE, Inc., September 30, 1976.

Recommendation K.11

PRINCIPLES OF PROTECTION AGAINST OVERVOLTAGES AND OVERCURRENTS

(Geneva, 1972; modified at Malaga-Torremolinos, 1984 and at Melbourne, 1988)

Introduction

Current CCITT documents recognize lightning and faults on nearby electrical installations as sources of
dangerous disturbances in telecommunications lines, which may cause damage leading to interruptions in service
and the need for repairs or even hazards to personnel.

The object of the present Recommendation is to set out principles which enable the frequency and
seriousness of such disturbances to be limited to levels which take account of quality of service, operating costs
and safety of personnel. These principles are applicable to all parts of a telecommunications system. More details
on certain methods of protection and for certain parts of the system are given in the References and in the
following Recommendations: K.5, K.6, K.9, K.12, K.15, K.16, K.17. Information about disturbing phenomena
and protection techniques are given in [1] and [2] (see also Recommendation K.26).

This Recommendation deals principally with the local exchange, local loop plant and subscribers
equipment, but its contents may have wider application.

Note — The disturbing phenomena, when they appear, are relatively rare or of very brief duration
(usually of the order of a fraction of a second) and in framing the present Recommendation, consideration has
not been given to methods of avoiding interruption of the functioning of equipment during an actual disturbance.
The CCITT is pursuing the study of such methods.

1 General considerations
1.1 Origin of dangerous overvoltages and overcurrents

1.1.1  Direct lightning strikes

Such strikes may cause currents of some thousands of amperes to flow along wires or cables for some
microseconds. Physical damage may occur and overvoltage surges of many kilovolts may apply stress to the
dielectrics of line plant and terminal equipment.

1.1.2  Lightning strikes nearby

Lightning currents flowing from cloud to earth or cloud to cloud cause overvoltages in overhead or
underground lines near to-the strike. The area affected may be large in districts of high earth resistivity.
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1.1.3  Induction from fault currents in power lines including electric traction systems

Earth faults in power systems cause large unbalanced currents to flow along the power line inducing
overvoltages into adjacent telecommunications lines which follow a parallel course. The overvoltages may rise to
several kilovolts and have durations of 200 to 1000 ms (occasionally even longer) according to the fault clearing
system used on the power line.

1.1.4  Contacts with power lines

Contacts may occur between power and telecommunication lines when local disasters, e.g. storms, fires,
cause damage to both types of plant or when the normal safeguards of separation and insulation are not followed.
Overvoltages rarely exceed 240 V a.c., r.m.s. above earth in countries where this is the normal distribution voltage
but may continue for an indefinite period until observed. Where higher distribution voltages, e.g. 2 kV, are used
the power line protection arrangements usually ensure that the voltage is removed in a short time if a fault occurs.
The overvoltage may cause excessive currents to flow along the line to the exchange earth causing damage to
equipment and danger to staff.

1.1.5  Rise of earth potential

Earth faults in power systems cause currents in the soil which raise the potential in the neighbourhood of
the fault and of the power supply earth electrode. (See also Recommendation K.9.) These earth potentials may
affect telecommunication plant in two ways:

a) Telecommunication signalling systems may malfunction if the signalling earth electrode is in soil
whose potential rises by as little as 5 V with respect to true earth. Such voltages may be caused by
minor faults on the power system which may remain undetected for long periods.

b) Higher rises of earth potential can cause danger to staff working in the affected area or, in extreme
cases, may be sufficient to break down the insulation of the telecommunications cable causing
extensive damage.

1.2 Methods of protection

1.2.1 Some of the protective measures for lines which are described in § 2 have the effect of reducing
overvoltages and overcurrents at their source and so reduce the risk of damage to all parts of the system.

1.2.2  Other protective measures which may be applied to specific parts of the system as indicated in §§ 2, 3 and
4 fall broadly into 2 classes:

— the use of protective devices which prevent excessive energy from reaching vulnerable parts either by
diverting it (for example, spark gaps) or by disconnecting the line (for example, fuses);

— the use of equipment with suitable dielectric strength, current carrying capacity and impedance so that
it can withstand the conditions applied to it.

1.3 Types of protective devices

1.3.1  Air-gap protectors with carbon or metallic electrodes

Usually connected between each wire of a line and earth, they limit the voltage which can appear between
their electrodes. They are inexpensive but their insulation resistance can fall appreciably after repeated operation
and they may require frequent replacement.

1.3.2  Gas discharge tubes

Usually connected between each wire of a line and earth or as 3-electrode units between a pair and earth.
Their performance may be specified to precise limits to meet system requirements. The protectors are compact and
will operate frequently without attention.

Detailed requirements for gas discharge tubes appear in Recommendation K.12.
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1.3.3  Semi-conductor protective devices

Used in a similar way to carbon electrode protectors or gas-discharge tubes, these will protect equipment
from values of overvoltage as low as 1 V. They are precise and fast-acting, but may be damaged by excessive
currents.

1.3.4  Fuses

These are connected in series with each wire of a line to disconnect when excessive current flows. Simple
fuses have a uniform wire which melts. Slow-acting fuses have a uniform wire which melts quickly when a large
current flows, and a spring-loaded fusible element which melts gradually and disconnects when lower currents
flow for a prolonged time. High level currents of 2 A and prolonged currents of 250 mA are typical operating
levels. Fuses should not sustain an arc after operation. Fuses do not give protection against lightning surges and in
districts where such surges are common, fuses of a high rating (up to 20 A) may be necessary to avoid trouble
from fuse failures. Such fuses may not give adequate protection against power line contacts. Fuses can also be a
source of noise and disconnection faults.

1.3.5 Heat coils

Fitted in series with each wire of a line, heat coils either disconnect the line, earth it, or do both, with the
earth extended to line. Heat coils have some fusible component and operate when currents of, typically, 500 mA
flow for some 200 s.

1.3.6  Self-restoring current-limiting devices

Fuses and heat coils have the disadvantage that they permanently interrupt a circuit when operated and it
is then necessary to replace them manually. Certain variable impedance devices are available which, when heated
by overload currents, increase their electrical resistance to a very high value. The device will return to a normal
low electrical resistance when the overload current is removed. Attention is drawn to the response time and
voltage handling capabilities of these items.

1.4 Residual effects

The essential purpose of protective measures is to ensure that the major part of the electrical energy arising
from a disturbance is not dissipated in a vulnerable part of the installation and does not reach personnel.
However, no device exists which has characteristics for suppressing ideally all voltages or currents connected with
disturbances, for the following reasons:

1.4.1  Residual overvoltages

Account should be taken of:

a) voltages which are unaffected by the protective device because they are below its operating level;
b) transients which pass before the device operates;

¢) residuals which are sustained after the device operates;

d) transients produced by the operation of the device.

1.42  Transverse voltages

Protective devices on the two wires of a pair may not operate simultaneously and so a transverse pulse
may be produced. Under certain conditions, particularly if the equipment to be protected has a low impedance,
operation of one protective device may prevent the operation of the other one and a transverse voltage may
remain as long as the longitudinal voltages are on the line.

1.4.3  Effect on normal circuit operation — coordinated design

Sufficient separation should be allowed between the operating voltage of the protective devices and the
highest voltage occurring on the line during normal operation.

Likewise the normal characteristics (internal impedances) of the protective elements must be compatibie
with the normal functioning of the installations, which must take account of their possible presence.
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1.44 Modifying effects

A protective device may safeguard one part of a line at the expense of another, e.g. if a main distribution
frame (MDF) fuse operates due to a power line contact, the voltage on the line may rise to full power line voltage
when the fuse disconnects the telecommunication’s earth.

Likewise the operation of a protector may greatly reduce the equivalent internal impedance of a circuit
relative to equipment connected to it, thus permitting the circulation of currents which may cause damage.

1.4.5  Coordination of primary and secondary protection

For the protection of sensitive equipment it is sometimes necessary to use more than one protective device,
e.g. a fast-operating, low-current device such as a semiconductor and a slower-operating, high-current device such
as a gas-discharge tube. In such cases steps must be taken to ensure that in the event of a sustained overvoltage,
the low-current device does not prevent the operation of the high-current device since, if this happens, the smaller
device may be damaged, or the interconnecting wiring may conduct excessive current.

1.4.6  Temperature rise

Protective components should be designed and positioned in such a way that the rise in temperature which
occurs when they operate is unlikely to cause damage to property or danger to people.

1.4.7  Circuit availability

The circuit being protected may be temporarily or permanently put out of service when a protective device
operates.

1.4.8  Fault liability

The use of protective devices may cause maintenance problems due to unreliability. They may also prevent
some line and equipment testing procedures.

1.5 Assessment of risk

1.5.1 The performance of a telecommunications system with respect to overvoltages depends on:

— the environment, i.e. the magnitude and probability of overvoltages occurring in the line network
associated with the system;

— the construction methods used in the line network, see § 2;
— the resistibility of equipment in the system to overvoltages;
— the provision of protective devices;

— the quality of the earth system provided for operation of the protective devices.

1.5.2  The environment

In assessing the environment, consideration should be given to the factors mentioned in § 1.1.

) The severity of overvoltages due to lightning varies widely in different localities. A high keraunic level and

a high soil resistivity increase the risk of direct and nearby lightning strokes and, since lightning is the cause of a
large proportion of power system faults, induction and rise of earth potential effects are also increased. On the
other hand buried metal plant such as water pipes, armoured cables, etc., screens telephone cables and greatly
reduces overvoltages due to lightning or induction.

— In city centres and in regions of low keraunic activity experience shows that overvoltages rarely
exceed the residual voltages of protective devices and such environments may be classified as
“unexposed”. Recommendations K.20 and K.21 specify the tests to be applied to equipment for use in
unexposed environments without protection and these tests give an indication of the most severe
environment which can be regarded as unexposed.
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— All other environments are classified as “exposed” but this, of course, covers a wide range of
conditions including exceptionally exposed situations where a satisfactory service can only be achieved
by the use of all available protective measures.

In the case of induced voltages and rise of earth potential the overvoltages can be calculated as indicted in
[2] which also recommends the maximum values which may be permitted under various conditions.

1.5.3  Fault records

The risk of overvoltages and overcurrents can only be properly assessed in the light of experience. It is
recommended that fault statistics be kept in a form which is convenient for that purpose. Faults due to
overvoltages or overcurrents and faults due to failures of protective components should be separated from each
other and from other component faults.

1.6 Decision on protection

1.6.1 In considering the degree to which a telecommunications network should withstand overvoltages, two
classes of failure may be recognized:

— minor failures affecting only small parts of the system. These may be allowed to occur at a level
acceptable to the Administration;

— major breakdowns, fires, exchange failures, etc., which must, so far as possible, be avoided
completely.

Examples of conditions which may be permitted to cause minor failures but not major breakdowns are
given in Recommendation K.20. It is desirable also that failure of a single protective device should not cause a
major breakdown.

1.6.2 Particular attention should be given to overvoltage and overcurrent protection for new types of exchange
or subscribers’ equipment to ensure that the benefits of its improved facilities are not lost due to unacceptable
failures arising from exposure to overvoltages or overcurrents. Such equipment may be inherently sensitive to
these conditions and damage or malfunction may affect large parts of a system.

1.6.3 It should be noted that over-protection, by the provision of unnecessary protective devices, is not only
uneconomic but may actually worsen system performance since the devices themselves may have some liability to
cause failures.

To avoid disturbances in telecommunication circuits caused by activated protective devices, the striking
voltage values and the numbers of arrestors should be considered.

1.6.4 In the light of the above considerations and the assessment of risks in accordance with § 1.5, a decision
should be made on the protection to be provided in all parts of the system. Account should be taken of
commercial considerations such as the cost of protective measures, the cost of repairs, relations with customers
and the probable frequency of faults due to overvoltage and overcurrent relative to the fault rate due to other
causes.

The responsibility for making this decision and for ensuring the provision of any protective devices needed
to coordinate lines and equipment should be clearly laid down.

It is necessary for manufacturers of equipment to know from the operating Administration the conditions
the equipment will need to resist and for line engineers to know the resistibility of the equipment which will be
connected to the lines. The line engineer should also define the constraints which equipment connected to the line
will encounter, depending on the standards of line protection provided. Where parts of the network, such as
subscribers’ apparatus, lines and switching centres may be under different ownership, this coordination may
require formal procedures such as the production of local standards. Recommendations K.20 and K.21 give
guidance for the preparation of these standards.
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2 Protection of lines

2.1 Protective measures external to the conductors themselves

2.1.1  Telecommunication lines may be shielded from lightning to some extent by adjacent earthed metal
structures, e.g. power lines or electric railway systems. Efficient metallic screens either in the form of cable
sheaths, cable ducts or lightning guard wires, reduce the effects of lightning surges and power line induction. In
areas with a high risk of lightning strikes special cables with multiple screens and high strength insulation are
often used. Bonding all metal work gives useful protection.

2.1.2 Induction from power lines may be minimized by coordinating the construction practices for the power
and telecommunication lines. The level of induction may be reduced at its source by the installation of earth wires
and current limiters in the power system.

2.1.3  The likelihood of contacts occurring between power and telecommunications lines is reduced if agreed
standards of construction, separation and insulation are followed. Economic considerations arise but it is often
possible to benefit from jointly using trenches, poles and ducts, providing suitable safe practices are adopted. (See
Recommendations K.5 and K.6.) It is particularly important to avoid contacts with high voltage power lines by a
high standard of construction since, if such contacts occur, it may be very difficult to avoid serious consequences.

2.2 Special cables

Special cables of high dielectric strength may be used where high overvoltages are likely to occur.

Standard plastic insulated and sheathed cables have a higher dielectric strength than paper insulated,
lead-sheathed cables and are suitable for most situations where cables with extra thick insulation were formerly
used. The use of cables with strengthened insulation may be justified in situations where there is exceptional
proximity or length of parallelism to power lines, high rise of earth potential in the immediate neighbourhood of
power stations or extreme exposure to lightning due to high keraunic level and low soil conductivity.

Other examples of the use of special cables are:

— cables with metal sheaths which provide a good reduction factor to screen circuits within the cable;

— cables which carry circuits to exposed radio towers and which must be able to carry lightning
discharge currents without damage;

— all-dielectric (i.e. non-metallic) optical fibre cables to effect isolation between conductive lengths of
cable.

23 Use of protective devices

The use of protective devices may be desirable in the following circumstances:

23.1 They may be more economical than the special construction described in §§ 2.1 and 2.2. In this connection
the cost of maintenance should not be overlooked since protective devices inevitably incur some maintenance
expenditure whereas special cables, screening, etc., though initially expensive, usually incur no continuing costs.

2.3.2 Cables with extra thick insulation may themselves be undamaged by overvoltages or overcurrents but they
can nevertheless conduct such conditions to other more vulnerable parts of the network. Extra protection is then
required for the more vulnerable cables and is particularly important if these are large underground cables which
are expensive to repair and affect service to many customers.

2.3.3 Induced overvoltages from power or traction line faults may still exceed levels permitted by the Directives
even after all practicable avoidance measures have been followed.

2.4 Installation of protective devices

24.1 To protect conductor insulation it is beneficial to bond all metal sheaths, screens, etc., together, and to
connect overvoltage protectors between the conductors and this bonded metal which should be connected to earth.
This technique is particularly useful in districts of high soil resistivity as it avoids the need for expensive electrode
systems for the protector earth connection.
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2.4.2 Where protectors are used to reduce high voltages appearing in telecommunication lines due to induction
from power line fault currents, they should be fitted to all wires at suitable intervals and at both ends of the
affected length of line, or as near to this as practicable.

2.43 To protect underground cables against lightning surges protective devices may be placed at the points of
connection to overhead lines. The protective devices fitted at the MDF and at subscribers’ terminals reduce the
risk of damage to lines but their main function is to protect components having lower dielectric strength than the
cables. See Recommeéndations K.20 and K.21.

2.44 Connections for lines and earth to overvoltage protectors used against lightning should be as short as
possible to minimize surge voltage levels between lines and the equipotential bond point.

25 Planning of works

The general considerations of §§ 1.5 and 1.6 apply to the protection of lines. To the greatest extent possible
it is recommended that the protective measures applied to the line should be decided at the outset of a measures
applied to the line should be decided at the outset of a project and should depend on the environment. It may be
difficult and expensive to achieve a satisfactory standard of reliability from a line provided initially with
insufficient protection.

2.6 Recommended policy

Where lines in a telecommunications network are exposed to frequent or severe disturbances from power
line faults or lightning, the voltage of these lines relative to local earth potential should be limited either by
connecting protective devices between the line conductors and earth or by using appropriate construction methods
for the line.

3 Protection of exchange and transmission equipment

3.1 Need for protection external to the equipment

Operating organizations should take account of the possible need to fit protection external to the
equipment, bearing in mind the following considerations:

3.1.1 A telecommunication line will give some protection to equipment under certain conditions, e.g.:
— a conductor may melt and disconnect an excessive current;
— conductor insulation may break down and reduce an overvoltage;
— air-gaps in connection devices may break down and reduce overvoltages.

3.1.2 The increased robustness of plastic insulated cables has the effect of increasing the levels of overvoltages
and overcurrents which can circulate in the lines and be applied to equipment. By contrast the use of miniature
electronic components in exchange and transmission equipment tends to increase its vulnerability to electrical
disturbances.

For these reasons, in districts exposed to frequent and serious disturbances (lightning, power lines, soil of
low conductivity), it is usually necessary to interpose protective devices of the types described in § 1.3 between the
cable conductors and the equipment to which they are connected, preferably on the MDF. This will prevent cables
from the MDF to equipment from having to carry heavy overcurrents.

The protective devices are fitted to the line side of the MDF to avoid the need to carry discharge currents
in the MDF jumper field and to expose as little of the MDF wiring and terminal strips as possible to mains
voltage in the event that a mains voltage line contact causes a series protective device to disconnect the line.

3.1.3 In less exposed locations it may be that disturbances (voltages and currents) have statistical characteristics
of level and frequency so low that in practice the risks do not exceed those resulting from the residual effects
indicated in § 1.4 for exposed regions. Protective devices then serve no purpose and are an unnecessary expense.

32 Need for equipment to have a minimum level of electrical robustness

In locations where lines are exposed and protective devices are provided, the residual effects considered in
§ 1 can cause overvoltages and overcurrents to appear in the equipment. In less exposed environments the
disturbances described in § 3.1.3 can cause similar effects. It is necessary for equipment to be designed to
withstand these conditions and detailed recommendations on the resistibility which equipment should possess are
given in Recommendation K.20.
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3.3 Effect of switching conditions

Since the configuration and interconnection of equipment connected to a given line is required to vary
during the successive stages of connecting a call, it is important not to limit the study of protection solely to
individual line equipments. Much equipment is common to all lines and can be exposed to disturbances when
connected to a particular line.

The effectiveness of the protection provided can be influenced by the reduction in the probability of
exposure if the effective duration of the connection to lines is short. On the other hand common equipment should
be better protected since its failure risks more serious degradation in the performance of the exchange or the
district.

4 Protection of subscribers’ terminal equipment

The protection methods already set out for exchange equipment can often be usefully applied to
subscribers’ equipment. Detailed tests to determine the resistibility of subscriber equipment are given in
Recommendation K.21. It is also appropriate to consider the specific aspects described below.

4.1 Degree of exposure

Lines to installations near exchanges in urban or industrial zones are usually little exposed to surges on
account of the screening effect of numerous nearby metallic structures as described in § 2.1.

On the other hand, lines to installations remote from built-up areas can be very exposed on account of
their length, the absence of a protective environment, overhead construction at the subscriber’s end and the high
resistivity of the soil. The mechanical robustness of the overhead cables at the subscriber’s end makes the effect of
surges all the more serious since the line itself can carry higher voltages and currents.

4.2 Dielectric strength

It is desirable to have a high dielectric strength for the insulation between the conducting parts connected
to the lines and all parts accessible to the user.

43 Use of protectors

Where telephone lines are exposed to frequent and severe disturbances from power line faults or lightning,
the voltage of the lines relative to local earth potential should be limited by connecting protective devices of the
types described in § 1.3 between the line conductors and the earth terminal.

The terminal equipment dielectric strength should be chosen taking account of the breakdown voltage of
the protective device and the impedance of the protector-line to earth connection.

4.4 Common bonding

At installations of subscriber terminal equipment a low resistance earth for overvoltage protectors may be
unavailable, or the costs of procuring a suitable low-resistance earth may be excessive compared to other
installation costs. Furthermore, the terminal equipment may be located adjacent to earthed systems, such as water
pipes, or may receive power from an electricity system.

To minimize both equipment damage and exposure of the subscriber to high voltages, even if the earth
resistance is not sufficiently low, all earthed systems, signalling earths and the power neutral should be bonded
together either directly or by means of a spark gap. Although this bonding may be expensive it allows the
difficulty of providing a low resistance earth to be resolved and is a technique widely used. In some countries
connection to the electricity system neutral is governed by national regulations, so that agreement with the
electrical Authority should be obtained.

4.5 National regulations
Many countries have national standards covering the protection of users of telecommunications equipment

not only from the risks associated with connection to the electricity mains but also from conditions which may
appear on the telephone line.
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4.6 High cost of maintenance of subscribers’ installations

The cost of repairs at exposed terminal installations may be high by reason of the distance from the
maintenance centre, transport delays and, possibly, the seriousness of the damage. Moreover, insufficient
protection is the cause of repeated interruptions of service which are particularly damaging to the quality of
“service and the satisfaction of the customer. This justifies the granting of special attention to protection measures.
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Recommendation K.12

CHARACTERISTICS OF GAS DISCHARGE TUBES FOR THE
PROTECTION OF TELECOMMUNICATIONS INSTALLATIONS

(Geneva, 1972, modified at Malaga-Torremolinos, 1984 and at Melbourne, 1988)

Introduction

This Recommendation gives the basic requirements to be met by gas discharge tubes for the protection of
exchange equipment, subscribers’ lines and subscribers’ equipment from over-voltages. It is intended to be used
for the harmonization of existing or future specifications issued by gas discharge tube manufacturers, telecommu-
nication equipment manufacturers, or Administrations.

Only the minimum requirements are specified for essential characteristics. As some users may be exposed
to different environments or have different operating conditions, service objectives or economic constraints, these
requirements may be modified or further requirements may be added to adapt them to local conditions.

This Recommendation gives guidance on the use of gas discharge tubes to limit over-voltages on
telecommunications lines.

1 Scope

This Recommendation:

a) gives the characteristics of gas discharge tubes used in accordance with CCITT Recommendation K.11
for protection of exchange equipment, subscribers’ lines and subscribers’ equipment against over-
voltages,

b) deals with gas discharge tubes having 2 or 3 electrodes,

¢) does not deal with mountings and their effect on tube characteristics. Characteristics given apply to
gas discharge tubes by themselves mounted only in the ways described for the tests,

d) does not deal with mechanical dimensions,
e) does not deal with quality assurance requirements,

f) does not deal with gas discharge tubes which are connected in series with voltage-dependent resistors
in order to limit follow-on currents in electrical power systems,

g) may not be sufficient for gas discharge tubes used on high frequency or multi-channel systems.

2 Definitions

Appendix I gives definitions of a number of terms used in connection with gas discharge tubes. It includes
some terms not used in this Recommendation. ‘
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3 Environmental conditions

Gas discharge tubes shall be capable of withstanding during storage the following conditions without
damage:

— Temperature: —40to +90°C;
— Relative humidity: up to 95%.
See also §§ 7.5 and 7.7.

4 ~ Electrical characteristics

Gas discharge tubes should have the following characteristics when tested in accordance with § 5.

Paragraphs 4.1 to 4.5 apply to new gas discharge tubes and also, where quoted in § 4.6, to tubes subjected
to life tests.

4.1 Spark-over voltages (see §§ 5.1, 5.2 and Figures 1/K.12, 2/K.12 and 3/K.12)

4.1.1 Spark-over voltages between the electrodes of a 2-electrode tube or between either line electrode and the
earth electrode of a 3-electrode tube shall be within the limits in Table 1/K.12.

TABLE 1/K.12

d.c. spark-over voltage Maximum impulse spark-over voltage
Nominal (V) Minimum (V) Maximum (V) at 100 V/us at 1000 V/ps
230 180 300 700 900
250/1 200 450 700 900
250/2 200 300 700 900
300 255 345 700 900
350/1 265 600 1000 1100
350/2 290 600 900 1000

4.12 For 3-electrode tubes, the spark-over voltage between the line electrodes shall not be less than the
minimum d.c. spark-over voltage in Table 1/K.12.

42 Holdover voltages (see § 5.5 and Figures 4/K.12 and 5/K.12)

All types of tube shall have a current turn-off time less than 150 ms when subjected to one or more of the
following tests according to the projected use:

42.1 2-electrode tubes tested in a circuit equivalent to Figure 4/K.12 where the test circuit components have the
values in Table 2/K.12.
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422

TABLE 2/K.12

Component Test 1 Test 2 Test 3
PS1 52V 80V 135V

R3 260 Q 330 Q 1300 Q

R2 Note 150 Q 150 Q
C1 Note 100 nF 100 nF

Note — Components omitted in this test.

N

3-electrode tubes tested in a circuit equivalent to Figure 5/K.12 where components have the values in
Table 3/K.12.

TABLE 3/K.12

Component Test 1 Test 2 Test 3
PSt1 52V 8oV 135V
PS2 ov ov 52V
R3 260 Q 330 Q 1300 Q

R2 3 150 © 272 QY 150 Q 272 QY

Ci1 2 100 nF 43 nFY 100 nF 43 nF?
R49 136 Q 136 Q 136 Q
c29 83 nF 83 nF 83 nF

2 Components omitted in this test.

Y Optional alternative.
9 Optional.

43 Insulation resistance (see § 5.3)

Not less than 1000 Mohms initially.

44 Capacitance

Not greater than 20 pF.

45 Impulse transverse voltage — 3-electrode tubes (see § 5.9 and Figure 6/K.12)

The difference in time not to exceed 200 ns.
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4.6 Life tests (§§ 5.6, 5.7 and 5.8)

The currents specified in § 4.6.1 for the appropriate nominal current rating of the tube shall be applied.
After each current application, the gas discharge tube shall be capable of meeting the requirements of § 4.6.2. On
completion of the number of current applications specified, the tube shall be capable of meeting the requirements
of § 4.6.3.

4.6.1  Test currents

Gas discharge tubes intended for use only on main distribution frames or similar situations where
connection to lines is via cable pairs, shall be subjected to the currents of Columns 2 and 3 of Table 4/K.12. Gas
discharge tubes intended for applications where they are directly connected to open wire lines will be designated
EXT by the purchaser and shall be subjected to the currents of Columns 2, 3 and 4 of Table 4/K.12.

TABLE 4/K.12

. Impulse current 10/700, .
Nominal ac. 15-62 Hz for 1 s 500 applications, or 10/1000, | [mPulse 8720, 10 applications
current N (EXT tubes only)
300 applications
A A rms No. of applications A peak kA peak
18] e)) 3 4 &)
2.5 2.5 5 50 25
5 5 5 100 5
10 10 5 100 10
20 20 10 200 ‘ 20

4.6.2  Requirements during life test

Insulation resistance: not less than 10 Mohms.

D.c. and impulse spark-over voltage: not more than the relevant value in § 4.1.

4.6.3  Requirements after completion of life test

Insulation resistance: not less than 100 Mohms (10 Mohms if particularly specified by the purchaser).
D.c. and impulse spark-over voltage: as in § 4.1.

Holdover voltage: as in § 4.2.

5 Test methods

5.1 D.c. spark-over voltage (see § 4.1 and Figures 1/K.12 and 2/K.12)

The gas discharge tube shall be placed in darkness for at least 24 hours immediately prior to testing and
tested in darkness with a voltage which increases so slowly that the spark-over voltage is independent of the rate
of rise of the applied voltage. Typically, a rate of rise of 100 V/s is used, but higher rates may be used if it can be
shown that the spark-over voltage is not significantly changed thereby. The tolerances on the wave-shape of the
rising test voltage are indicated in Figure 1/K.12. The voltage is measured across the open-circuited terminals of
the generator. U,,, of Figure 1/K.12 is any voltage greater than the maximum permitted d.c. spark-over voltage of
the gas discharge tube and less than three times the minimum permitted d.c. spark-over voltage of the gas
discharge tube.
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The test shall employ a suitable circuit such as that shown in Figure 2/K.12. A minimum of 15 minutes
shall elapse between repetitions of the test, with either polarity, on the same gas discharge tube.

Each pair of terminals of a 3-electrode gas discharge tube shall be tested separately with the other terminal
unterminated.

Note — The use of Figure 1/K.12 may be explained as follows:

A single mask will do for all values of U, and the nominal rate of rise, provided that it is a suitable size
for the display of the waveform and that the scales of U and T of the waveform can be adjusted. This follows
because the Y-axis has arbitrary points marked 0 and U,,, with 0.2 U,,, at the appropriate point between them
while the X-axis has arbitrary points marked 0 and T, with T} (= 0.2 T;), 09 T3, 1.1 T;, 09 T;, 1.1 T, marked at
the appropriate points. The X and Y zeros need not coincide and, in fact, need not be shown at all.

To compare a waveform trace with the mask, it is necessary to know the values of U,,, and the nominal
rate of rise for the waveform in question. As an example, consider a waveform with U,, = 750 V and nominal
rate of rise = 100 V/sec.

Then 0.2 U,y = 150V, T, = 7.5s, T, = 1.5 s.

Hold the mask against the trace and adjust the vertical scale so that the 150 V calibration is against
0.2 Upqx and the 750 V point against U,,,. Adjust the horizontal scale similarly for 1.5s = T} and 7.5s = T..
Slide the mask so that the 150 V point on the trace is within the bottom boundary of the test window; the
remainder of the trace up to 750 V must be within the test window.

5.2 Impulse spark-over voltage (§ 4.1 and Figures 1/K.12 and 3/K.12)

The gas discharge tube shall be placed in darkness for at least 15 minutes immediately prior to testing and
tested in darkness. The voltage waveform measured across the open circuit test terminals shall have a nominal rate
of rise selected from § 4.1 and shall be within the enclosed limits indicated in Figure 1/K.12. Figure 3/K.12 shows
a suggested arrangement for testing with a voltage impulse having a nominal rate of rise of 1.0 kV/us.

A minimum of 15 minutes shall elapse between repetitions of the test, with either polarity, on the same gas
discharge tube.

~ Each pair of terminals of a 3-electrode gas discharge tube shall be tested separately with the other terminal
unterminated.

5.3 Insulation resistance (§ 4.3)

The insulation resistance shall be measured from each terminal to every other terminal of the gas discharge
tube. The measurement shall be made at an applied potential of at least 100 V and not more than 90% of the
minimum permitted d.c. spark-over voltage. The measuring source shall be limited to a short circuit current of less
than 10 mA. Terminals of three-electrode gas discharge tubes not involved in the measurement shall be left
unterminated.

5.4 Capacitance (§ 4.4)

The capacitance shall be measured between each terminal and every other terminal of the gas discharge
tube. In measurements involving 3-electrode gas discharge tubes, the terminal not being tested shall be connected
to a ground plane in the measuring instrument.

5.5 Holdover test (§ 4.2)

5.5.1 2-electrode gas discharge tube (Figure 4/K.12)

Tests shall be conducted using the circuit of Figure 4/K.12. Values of PS1, R2, R3 and C1 shall be
selected for each test condition from Table 2/K.12. The current from the surge generator shall have an impulse
waveform of 100 A, 10/1000 or 10/700 measured through a short circuit replacing the gas discharge tube under
test. The polarity of the impulse current through the gas discharge tube shall be the same as the current from PS1.
The time for current turn-off shall be measured for each direction of current passage through the gas discharge
tube. Three impulses shall be applied at not greater than 1-minute intervals and the current turn-off time measured
for each impulse.
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5.5.2  3-electrode gas discharge tube (Figure 5/K.12)

Tests shall be conducted using the circuit of Figure 5/K.12. Values of circuit components shall be selected
from Table 3/K.12. The simultaneous currents that are applied to the gaps of the gas discharge tube shall have
impulse waveforms of 100 A, 10/1000 or 10/700 measured through a short circuit replacing the gas discharge tube
under test. The polarity of the impulse current through the gas discharge tube shall be the same as the current
from PS1 and PS2.

For each test condition, measurement of the time to current turn-off shall be made for both polarities of
the impulse current. Three impulses in each direction shall be applied at intervals not greater than 1 minute and
the time to current turn-off measured for each impulse.

5.6 Impulse life — all types of gas discharge tube (§ 4.6)

Fresh gas discharge tubes shall be used and impulse currents shall be applied as specified in Table 4/K.12,
Column 3, for the relevant nominal current of the tube. Half the specified number of tests shall be carried out
with one polarity followed by half with the opposite polarity. Alternatively, half the tubes in a sample may be
tested with one polarity and the other half with the opposite polarity. The pulse repetition rate should be such as
to prevent thermal accumulation in the gas discharge tube.

The voltage of the source shall exceed the maximum impulse spark-over voltage of the gas discharge tube
by not less than 50 per cent. The specified impulse discharge current and waveform shall be measured with the gas
discharge tube replaced with a short circuit. For 3-electrode gas discharge tubes, independent impulse currents
each having the value specified in Table 4/K.12, Column 3, shall be discharged simultaneously from each
electrode to the common electrode.

The gas discharge tube shall be tested after each passage of impulse discharge current or at less frequent
intervals if agreed between the supplier and the purchaser to determine its ability to satisfy the requirements of
§ 4.6.2.

On completion of the specified number of impulse currents the tube shall be allowed to cool to ambient
temperature and tested for compliance with § 4.6.3.

5.7 Impulse life — additional tests for tubes designated EXT (§ 4.6)

As in § 5.6, but applying the conditions of Table 4/K.12, column 4.

5.8 A.c. life — all types of tube (§ 4.6)

Fresh tubes shall be used and alternating currents applied as specified in Table 4/K.12, Column 2, for the
relevant nominal current of the tube.

The time between applications should be such as to prevent thermal accumulation in the tube. The rms a.c.
voltage of the current source shall exceed the maximum d.c. spark-over voltage of the gas discharge tube by not
less than 50 per cent.

The specified a.c. discharge current and duration shall be measured with the gas discharge tube replaced
with a short circuit. For 3-electrode gas discharge tubes, a.c. discharge currents each having the value specified in
Table 4/K.12 shall be discharged simultaneously from each electrode to the common electrode.

The gas discharge tube shall be tested after each passage of a.c. discharge current to determine its ability to
satisfy the requirements of § 4.6.2.

On completion of the specified number of current applications, the tube shall be allowed to cool to
ambient temperature and tested for compliance with § 4.6.3.

5.9 Impulse transverse voltage (§ 4.5 and Figure 6/K.12)

The duration of the transverse voltage shall be measured while an impulse voltage having a virtual
steepness of impulse wavefront of 1 kV/us is applied simultaneously to both discharge gaps. Measurement may be
made with an arrangement as indicated in Figure 6/K.12. The difference in time between the spark-over of the
first gap and that of the second is specified in § 4.5.
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6 Radiation

The emerging radiation from any radioactive matter used to pre-ionize the discharge gaps must be within
the limits specified as admissible in the regulations concerning the protection from radiation which are issued by..
the country of the manufacturer as well as of the user. This provision applies both to individual and to a batch of
gas discharge tubes (for example, when packed in a cardboard box for dispatch, storage, etc.).

The supplier of gas discharge tubes containing radioactive materials shall provide recommendations,
complying with the International Atomic Energy Agency (IAEA) “Regulations for the safe transport of radio-
active materials” and with all other relevant international requirements, on the following matters:

a) maximum number of items per package,

b) maximum quantity per shipment,

¢) maximum quantity which may be stored together,
d) any other storage requirements,

e) handling precautions and requirements,

f) disposal arrangements.

7 Environmental tests

7.1 Robustness of terminations

The user shall specify a suitable test from International Electrotechnical Commission (IEC) standard
68-2-21 (1975) if applicable.

7.2 Solderability

Soldering terminations shall meet the requirements of IEC standard 68-2-20 (1979) Test Ta Method 1.

73 Resistance to soldering heat

Gas discharge tubes with soldering terminations shall be capable of withstanding IEC standard
68-2-20 (1979) Test Tb Method 1B. After recovery, the gas discharge tube shall be visually checked and show no
signs of damage and its d.c. spark-over shall be within the limits for that tube.

7.4 Vibration

A gas discharge tube shall be capable of withstanding IEC standard 68-2-6 (1970) 10-500 Hz, 0.15 mm
displacement for 90 minutes without damage. The user may select a more severe test from the document. At the
end of the test, the tube shall show no signs of damage and shall meet the d.c. spark-over and insulation resistance
requirements specified in §§ 4.1 and 4.3.

7.5 Damp heat cyclic

A gas discharge tube shall be capable of withstanding IEC standard 68-2-4 Test D Severity IV. At the end
of the test, the tube shall meet the insulation resistance requirement specified in § 4.3.

7.6 Sealing

A gas discharge tube shall be capable of passing IEC standard 68-2-17 (1978) Test Qk, severity 600 hours,
for fine leaks. Helium shall be used as the test gas. The fine leak rate shall be less than 10~7 bar - cm? - s~ 1.

The tube shall then be capable of passing the coarse leak test Qc Method 1.
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7.7 Low temperature

A gas discharge tube shall be capable of withstanding IEC standard 68-2-1 Test Aa. —40 °C, duration
2 hours, without damage. While at —40°C the tube must meet the d.c. and impulse spark-over requirements
of § 4.1.

8 Identification

8.1 Marking

Legible and permanent marking shall be applied to the tube as necessary to ensure that the purchaser can
determine the following information by inspection:

a) manufacturer,

b) year of manufacture,
c) type.

The purchaser may specify the codes to be used for this marking.

8.2 Documentation

Documents shall be provided to the purchaser so that from the information in § 8.1 he can determine the
following further information:

a) full characteristics as set out in this Recommendation,

b) name of radioactive material used in the tube or statement that such material has not been used.

9 Ordering information

The following information should be supplied by the purchaser:

a) drawing giving all dimensions, finishes and termination details (including numbers of electrodes and
identifying the earth electrode),

b) nominal d.c. spark-over voltage, chosen from § 4.1.1,

¢) nominal current rating chosen from § 4.6.1,

d) the designation EXT if the tests of Table 4/K.12, column 4, are required,

e) holdover voltage tests required in § 4.2,

f) marking codes required for § 8.1,

g) robustness of terminations — test required for § 7.1,

h) destruction characteristic, if required, including failure mode (see Note),

i) quality assurance requirements.

Note — After passage of an alternating or impulse current of value much higher than that shown in

§ 4.6.1, the gas discharge tube may be destroyed, i.e. its electrical characteristics may be greatly modified. Two
situations may occur:

1) The gas discharge tube becomes in effect an insulator and presents a higher dielectric strength than it had
initially — that is to say, it becomes open circuit.

2) The gas discharge tube becomes of limited resistance — generally a low value which does not allow
normal operation of the line — that is to say it becomes a short circuit. (This situation may be preferable
from the point of view of protection and maintenance.)

Test methods and the relations between the value and duration of the destructive current are not detailed in this
Recommendation nor is the state of the element after destruction. Administrations should cover their requirements
in these respects in their own documentation.
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once only.
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Circuit for d.c. spark-over voltage test
(88§ 4.1 and 5.1)
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Testing arrangement producing a voltage impulse having a wavefront
with a virtual steepness of 1 kV/us (§§ 4.1 and 5.3)
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CCITT-47441
PS1: Constant voltage d.c. supply or battery
E1 : Isolation gap or equivalent device
E2 : Gasdischarge tube
D1 : Isolation diode or other isolation device
R1 : Impulse current limiting resistor or wave-shaping network

FIGURE 4/K.12

Circuit for hold-over test of 2-electrode gas discharge tube

(88 4.2.1 and 5.5.1)
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E1 Isolation gap or equivalent device
E2 Gas discharge tube
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R1 Impulse current limiting resistors or wave-shaping networks

Note 1 — C2 and R4 optional.
Note 2 — The polarity of diodes D1 to D4 shall be reversed when the polarity of the
d.c. power supplies and surge generators are reversed.

Circuit

FIGURE 5/K.12

for hold-over test of 3-electrode gas discharge tube
(88 4.2.2 and 5.5.2)
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FIGURE 6/K.12

Circuit for impulse transverse voltage test
(88 4.5 and 5.9)
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APPENDIX I

(to Recommendation K.12)

Definitions of terms associated with gas discharge tubes

I.1 arc current

The current which flows after spark-over when the circuit impedance allows a current that exceeds the
glow-to-arc transition current.

1.2 arc voltage

The voltage appearing across the terminals of the gas discharge tube during the passage of the arc current.

1.3 breakdown

See “spark-over”.

1.4 current turnoff time

The time required for the gas discharge tube to return itself to a nonconducting state following a period of
conduction.

1.5 destruction characteristic

The relationship between the value of the discharge current and the time of flow until the gas discharge
tube is mechanically destroyed (break, electrode short circuit). For periods of time between 1 us and some ms, it is
based on impulse discharge currents, and for periods of time of 0.1 s and greater, it is based on alternating
discharge currents.

1.6 discharge current

The current that passes through a gas discharge tube when spark-over occurs.

1.7 discharge current, alternating

The r.m.s. value of an approximately sinusoidal alternating current passing through the gas discharge tube.

1.8 discharge current, impulse

The peak value of the impulse current passing through the gas discharge tube.

1.9 discharge voltage

The voltage that appears across the terminals of a gas discharge tube during the passage of discharge
current. Also referred to as “residual voltage”.

1.10  discharge voltage/current characteristic

The variation of crest values of discharge voltage with respect to discharge current.

I.11 follow current

The current from the connected power source that passes through a gas discharge tube during and
following the passage of discharge current.

.12 gas discharge tube

A gap, or several gaps, in an enclosed discharge medium, other than air at atmospheric pressure, designed
to protect apparatus or personnel, or both, from high transient voltages. Also referred to as “gas tube surge
arrester”.

1.13  glow current

The current which flows after spark-over when circuit impedance limits the discharge current to a value
less than the glow-to-arc transition current.

1.14  glow-to-arc transition current

The current required for the gas discharge tube to pass from the glow mode into the arc mode.
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I.15  glow voltage

The voltage drop across the terminals of the gas discharge tube during the passage of glow current.

1.16  holdover voltage

The maximum d.c. voltage across the terminals of a gas discharge tube under which it may be expected to
clear and to return to the high impedance state after the passage of a surge, under specified circuit conditions.

I1.17  impulse spark-over voltage/time curve

The curve which relates the impulse spark-over voltage to the time to spark over.

1.18  impulse waveform

An impulse waveform designated as x/y has a rise time of x pus and a decay time to half value of y us as
standardized in IEC Publication 60.

I1.19  nominal alternating discharge current

For currents with a frequency of 15 Hz to 62 Hz, the alternating discharge current which the gas discharge
tube is designed to carry for a defined time.

1.20 nominal d.c. spark-over voltage

The voltage specified by the manufacturer to designate the gas discharge tube (type designation) and to
indicate its application with respect to the service conditions of the installation to be protected. Tolerance limits of
the d.c. spark-over voltage are also referred to the nominal d.c. spark-over voltage.

1.21 nominal impulse discharge current

The peak value of the impulse current with a defined wave shape with respect to time for which the gas
discharge tube is rated.

1.22  residual voltage

See “discharge voltage”.

1.23  spark-over

An electrical breakdown of a discharge gap of a gas discharge tube. Also referred to as “breakdown”.

1.24  spark-over voltage

The voltage which causes spark-over when applied across the terminals of a gas discharge tube.

I.25  spark-over voltage, a.c.

The minimum r.m.s. value of sinusoidal voltage at frequencies between 15 Hz and 62 Hz that results in
spark-over.

.26  spark-over voltage, d.c.

The voltage at which the gas discharge tube sparks over with slowly increasing d.c. voltage.

1.27  spark-over voltage, impulse

The highest voltage which appears across the terminals of a gas discharge tube in the period between the
application of an impulse of given waveshape and the time when current begins to flow.

1.28  transverse voltage

For a gas discharge tube with several gaps, the difference of the discharge voltages of the gaps assigned to
the two conductors of a telecommunications circuit during the passage of discharge current.
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Recommendation K.13

INDUCED VOLTAGES IN CABLES WITH
PLASTIC-INSULATED CONDUCTORS

(Geneva, 1972)

According to [1], when a fault occurs on a power line near a telecommunication cable having all its
circuits terminated by transformers, the permissible induced longitudinal voltage in the cable conductors should
not exceed 60% of the voltage used to check the dielectric strength of the cable, as required by individual
specifications for checks of the breakdown strength between the cable conductors and the sheath. This induced
voltage is generally 1200 V r.m.s. value for paper-insulated conductors (60% of 2000 V). The Directives give no
indication of the frequency of occurrence of such a voltage or of its permissible duration. In order that such
voltages do not endanger line maintenance staff, the safety precautions for staff given in [2] must be observed.

Plastic-insulated cables can have a much higher dielectric strength than paper-insulated cables. Moreover,
this dielectric strength is retained following the mechanical stresses that occur during the laying of the cable. There
should thus be no danger of breakdown of the insulation between the conductors and the metal sheath when it is
subjected to induced logitudinal e.m.f. sufficiently below the breakdown voltage of the cable. A sufficient safety
margin is ensured if induced voltages are kept below 60% of the voltage used for checking the dielectric strength
of the cable as given in the individual specifications; this voltage is, of course, related to the breakdown voltage.

At very little extra expense, sleeves and joints can be made to have the same dielectric strength as the
insulation between the conductors and the metallic sheath, although transformers and terminal equipments must
be suitably protected when their dielectric strength is not up to the conditions concerned.

If the source of the induced longitudinal e.m.f. is a high-reliability power line, as defined in the Directives,
there is only a very small probability that staff will be in contact with a line at the precise moment when such a
voltage of short duration occurs in the telecommunication cable. Any danger to staff is very slight given due
observation of the safety precautions for maintenance staff working on telephone lines in which high voltages may
be induced by neighbouring electricity lines.

For a cable not having its circuits terminated by transformers the above conditions also apply provided
that surge voltages are prevented from reaching the telecommunication equipment by the striking of the lightning
protectors installed at the ends of the circuits.

For these reasons, the CCITT is unanimously of the opinion that:

1 It is possible to make telecommunication cables with conductors that are insulated from each other and
from the metallic sheath by high breakdown strength plastics. For such cables, when there is a fault on a
neighbouring electricity line, the value of induced longitudinal e.m.f. that can be allowed is that which does not
exceed 60% of the test voltage applied between the conductors and the metallic sheath for checking the dielectric
strength (this test voltage, which is given in the individual cable specifications, is related to the breakdown
voltage) provided the following conditions are observed:

a) circuits in such cables are terminated at their ends and at branching points on transformers or are
provided with lightning protectors;

b) equipment, joints and cableheads associated with such cables must have a dielectric strength at least
equal to that of the insulation between the conductors and the metallic cable sheath of the cable, given
that the transformers mentioned in a) above must be provided with lightning protectors when their
dielectric strength does not meet the required conditions;

c) the power line causing the induction must meet the conditions for high-reliability power lines given
in [1];
d) staff working on telecommunication cables must take the safety precautions specified in [2].

2 When the circuits of such a cable are connected direct to the telecommunication equipment, that is, when
no transformers or lightning protectors are inserted, and when the condition laid down in § 1c) above is fulfilled,
the maximum permissible induced longitudinal e.m.f. should be 650 V.
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[1] CCITT manual Directives concerning the protection of telecommunication lines against harmful effects from
electric power and electrified railway lines, Vol. V1, ITU, Geneva, 1988.
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Recommendation K.14

PROVISION OF A METALLIC SCREEN IN PLASTIC-SHEATHED CABLES

(Geneva, 1972; modified at Malaga-Torremolinos, 1984)

A metal sheath provides a cable with electrostatic screening and a degree of magnetic screening. A plastic
sheath has no intrinsic screening properties. Some plastic-sheathed cables, for example those with paper-insulated
cores, incorporate a metal screen as a water barrier. Such a metal screen, which is usually in the form of a
longitudinally applied aluminium tape, provides the same screening properties as a nonferrous metal sheath of the
same longitudinal conductivity. The tape must, however, be connected to the telephone exchange earth electrode
systems at its ends and/or to conveniently located earthing points, such as metal cable sheaths, along its length. It
is also important that at jointing points the tape be extended through by connections of very low resistance.
Although the degree of screening provided by the tape may be small at 50 Hz, it can be considerable at
frequencies which give rise to noise interference. The presence of a screen on a cable also reduces the induction
arising from the high-frequency components of transients caused by power-line switching and also induced
transients from lightning strokes; such transient induced voltages are of increasing importance with the increasing
use of miniaturized telecommunication equipment with very small thermal capacity.

On the basis of the above considerations and experience with the use of plastic-sheathed cables,

the CCITT recommends that the following provisions be observed:

1 Since plastic-sheathed subscriber distribution cables without a screen give satisfaction for distribution from
the exchange to subscribers, they may be used in localities where there are no alternating current electrified
railways. However, account must always be taken of the risk of noise interference that may arise in the vicinity of
electric railways, especially those with thyristor controlled equipment in the locomotives. Consideration should
also be given to possible interference by radio transmitters which operate in the same frequency range as the
circuits in the plastic-sheathed cable.

2 Trunk and junction cables should contain a screen which can have the form of an aluminium-tape water
barrier. Cables provided with a screen having a conductance of the order of half that of a cable having the same
core diameter, but with a lead sheath, have given complete satisfaction where there are no risks of severe magnetic
induction.

3 If a plastic-sheathed cable is provided with a screen of a conductance equivalent to that of a conventional
lead-sheathed cable, then in the presence of induction the plastic-sheathed cable can be used in entirely the same
circumstances as the lead-sheathed cable.

4 If the effect of the screen according to §§ 2 and 3 above is not sufficient to limit the magnetic induction at
mains frequencies, or to these harmonics arising from neighbouring power lines or electric railways, to permissible
values the screening factor can be improved by increasing:

4.1 the inductance of the metal sheath, if necessary, by a lapping of steel tapes;
4.2 the conductance of the existing screen by additional metal tapes or wires which are arranged below the
screen.

An improved screening effect may also become necessary if there is the risk of noise interference in the
vicinity of electric railways equipped with thyristor controlled devices.
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5 The screen must be connected to the earth electrode systems of the telecommunication centres. In the case
of subscribers’ cables the remote end should be connected to a suitable earth. It is also important for the screen of
the cable to be extended through at cable joints by means of connections of very low resistance.

6 In view of the increase in the number of electrical installations and the level of harmonics resulting from
new techniques, it is to be expected that the effects of interference will become worse. This being so, it may be
extremely useful to improve the screening effect of plastic-covered cables as indicated above.

7 If cables have to be laid in areas where there is a danger of atmospheric discharges, attention is drawn to
the importance of the metallic screen and of its construction in the protection of cables against lightning and also
to the importance of the interconnections between the screen and other structures. (See the manual cited in [1].)

8 Screening factor

The following considerations enable the screening factor at the mains frequency to be determined fairly
accurately for all types of cable regardless of the outer plastic covering used. In particular, they show how the
screening factor to be used in practice may vary depending on the conditions in which the cable is used.

8.1 General

The screening effect produced by the metal screen of a cable mainly depends on:

— the frequency of the induced e.m.f. The limitation of this e.m.f. mains frequency (16 2/3 Hz, 50 Hz,
60 Hz) is therefore a determining factor in the choice of a cable from the standpoint of safety of staff
and installations. On the other hand, the screening factor at higher frequencies should also be taken
into account in seeking to protect equipment against interference. A substantial reduction of the
induced e.m.f. at the mains frequency may suffice for complete protection;

— the level of induced e.m.f. per unit length in the case of screens made by ferromagnetic material. The
screening effect of such a cable is optimum for a given value of induced e.m.f. per unit length, so that
a cable designed for the reduction of high induced e.m.f. per unit length may be of no practical use
for protection against low induced e.m.f. per unit length. The composition of the screen must be
adapted to the level of the induced e.m.f. per unit length;

— the quality of its earthing. The screening effect is determined by the value of the current circulating in
the metal screen. The resistance of the parts ensuring current flow between screen and earth is
therefore decisive. For cables with an insulating plastic outer covering, if earth connections are
provided only at the ends, they must be of very low resistance: the sheath should preferably be
earthed at intervals along the line. When the plastic outer covering is conductive, the sheath is in
practice continuously earthed;

— the length of the induced section of the link to be protected. It is easier to improve the screening effect
when this section is long. The concept of length in this case relates to the quality of earthing required.

8.1.1  The screening factor (for explanation of symbols, see Appendix I)

The following most frequently used screening factors are defined in the Directives:

— Nominal screening factor, k, (see Figure 1/K.14). This factor can easily be measured in a laboratory
and is used to qualify the efficiency of the screening effect.

kn =

)
2

CCHIT-71710

FIGURE 1/K.14
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— Screening factor related to distant earth, kj (see Figure 2/K.14). This factor must be taken into
account in ensuring protection against danger and interference, the conductors of the subscriber pairs
being connected at their terminals to a neutral earth through certain parts of the equipments, without
transformers.

CCITT-71720

"FIGURE 2/K.14

— Screening factor related to the sheath kg, (see Figure 3/K.14). This factor must be taken into
consideration in cases where the only accessible earths are those used for earthing the screen. This
relates to cables connecting telecommunication centres to one another, their screens being connected
to the earths of the centres.

CCITT-71730

FIGURE 3/K.14

The Directives contain very detailed explanations and formulas for the accurate calculation of these factors
in a wide variety of situations. On the other hand, these screening factors can be evaluated on the basis of simple
expressions which often provide an adequate degree of accuracy. These expressions differ according to whether the
outer cable covering is insulative or conductive and use the constants and variables listed in Appendix I.

8.2 Cables with insulating outer covering

The outer covering of the metallic cable sheath is made of an insulating plastic material. To obtain a
screening effect, this sheath must be earthed at both ends and possibly at points in between.

8.2.1  Calculation of the screening factor

The screening factor can then be calculated by means of the expressions (see also the Directives, Vol. II):

ZEL+ W+ W,
k,,,=} o AT Th -1
Z; L+ Z L+ Wy + Wp
E
K = Zit 8-2)
ZEL+ Z L+ Wy + Wp

Strictly speaking, the use of these expressions presupposes that the sheath is earthed only at the ends. It
may be assumed, however, that in fairly comparable situations only the earths near the ends have any influence
on the screening effect. The expression thus gives a good approximation of the screening effect in the case of
intermediate earths.

As a general consequence, earthing connections at intermediate points tend to improve kg, but, on the
other hand, make kg, worse.
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8.2.2  Influence of length

When the earths of a sheath required to obtain a screening factor kj close to nominal value k, have a
resistance value which makes earthing very difficult, the link may be considered to be “short”. In the contrary
case, it is regarded as “long”. ’

Note — “Link” is held to mean the cable length actually subjected to induction.

8.2.2.1 “Long” links

Scrutiny of Equations (8-1) and (8-2) shows that for very long links, screening factors ky and ky, are close
to k,. This is true of lengths in excess of about

i 1OWA+WB
ZE

In this case, a non-armoured cable (ZZ close to ZZ) may be used. Moreover, the longer the link, the higher
the resistance value of the sheath earthing may be.

This need not be taken into account in the choice of a cable, which can be based on the curve of values of
nominal screening factor k, for different values of induced e.m.f., since the efficiency obtained will be very
similar.

8.2.2.2 “Short” links

In this case, the value of ZEL is approximately the same order of magnitude as the sum of the extreme
terminal earth values W, + Wj. Screening factors ky and kj;, may be calculated by means of Equations (8-1)
and (8-2).

Armoured cables must be used to protect such links, and the screening effect is then provided through the
increase in the value of impedance ZZ obtained by using material with high magnetic permeability for the outer
part of the sheath.

To evaluate kjy and kg by means of Equations (8-1) and (8-2), it is necessary to know the curve of
variations of Z£ as a function of the current flowing through the sheath (Figure 4/K.14).

The calculation then calls for some simple successive approximations for evaluating ZZ after choosing a

value of W, and WB corresponding to earths which may be expected to be feasible in view of the ground
resistivity at the ends of the link.

Q/km
6
i [T
s PN Induced e.m.f. per
[} N unit length
~
[knl s / ~ g (Vkm)
E’ 4 ’ ] -~ 4%
= 1 3 ~
5 06 : 835/\ "~§‘~
g Induced e.m.f. per unit length (V/km) < H - " =
! o
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o
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Current (1) Current (1) CCITT-71740
ZE=a+j8

a) Nominal screening factor b) Impedance per unit length zg‘

FIGURE 4/K.14

Cable parameters — example of cable protecting links against low induced e.m.f.
per unit length generally produced by electric traction lines
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8.3 Cables with conductive outer covering

The outer covering of the metallic cable sheath is made of a conductive plastic material providing electrical
contact between the sheath and the earth surrounding the cable.

Intermediate connections of the sheath to the earth other than at the ends will be unnecessary if the
resistivity of the conductive material is close to or better than that of the surrounding earth (values of about
50 Q - m are easily obtained).

The current flowing through the sheath varies along the link, particularly near the terminals, and in the
middle part remains at a value very close to Iy = e/(Z% + Z;), corresponding to the current which would circu-
late in the sheath if it were completely earthed (earths with zero resistance value).

To calculate screening factor kg, we can thus use an equivalence consisting in replacing this cable by one
with a sheath connected to the earth at each end by zero resistance earths and of a length equal to that of the
link L, shortened at each end by a length /such that | P| I = 1.

This means that the cable has a nominal screening factor on a shorter length equal to L — 21

ky can then be evaluated approximately by means of the following expression:

2] 2]
k:=k,,(1-——)+— 8-3
74 3 I3 (8-3)
In the same way, ks, can be expressed by:
21
A ()
7 L

Equation (8-3) is not applicable in cases where the earthing of the metallic sheath is really excellent. The
link is then considered to be “long” and ky = ki = k.

The parameters required for the calculation are those of the cable (ZZ, ZE), the induced e.m.f. per unit
length and the admittance per unit length Y of the sheath in relation to the earth, which may be chosen according
to ground resistivities between 1 S and 10 S (1 S should be chosen if nothing is known about earthing quality).

8.3.1  Influence of length

The remarks relating to cables with insulating covering are also applicable in this case.

8.3.2  “Long” links

The screening factor is close to k,. The cable may or may not be armoured, according to the results
required.

8.3.3  “Short” links

Screening factor ky may be estimated by means of Equation (8-3). The cable should be armoured in most
cases.

8.4 Determination of cable parameters

If the nominal screening factor and impedance per unit length Z% can be measured by means of the
arrangement described in the Directives (Vol. IX), determination of impedance per unit length ZZ can be based:

— either on a calculation based on the phaser diagram, plotted from the measured parameters I, U,
and U,;

— or on the measurement of the voltage U, appearing between the end of a conducting wire laid on the
outside of the sheath and reference point 3, the other end of the wire being connected to the sheath
(Figure 5/K.14).

For certain cables with screens consisting of several non-ferromagnetic, highly-conductive layers, these
parameters can be measured more approximately by a coaxial-type measuring device.
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FIGURE 5/K.14

Measurement of cable parameters

APPENDIX I

(to Recommendation K.14)

Letter symbols used in Recommendation K.14

ZE. Internal impedance per unit length with external return. For power frequencies, this value is
close to resistance per unit length for direct current.

ZE: External impedance with external return per unit length.
Z: Ground return impedance per unit length.

Y: Admittance per unit length of the sheath-earth circuit.
P: Propagation constant of the sheath-earth circuit.

K: Characteristic impedance of the sheath-earth circuit.
_147,4, WB : Impedance value of earths at the ends of the sheath.
L: Length of link subject to induction.

e: Induced e.m.f. per unit length.

E: Total induced e.m.f.

I: Current flowing through the sheath.

Reference

CCITT manual The protection of telecommunication lines and equipment against lightning discharges,
Chapter 4, § 2.1, ITU, Geneva, 1974, 1978.
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Recommendation K.15

PROTECTION OF REMOTE-FEEDING SYSTEMS AND LINE
REPEATERS AGAINST LIGHTNING AND INTERFERENCE FROM
NEIGHBOURING ELECTRICITY LINES

(Geneva, 1972)

Preliminary recommendation

To minimize interference to the power feeding of repeaters from external sources, the CCITT recommends
that, whenever possible, the repeater power-feeding system should be so arranged that the circuit in which the
power-feeding currents circulate (including the units connected to it) remains balanced with respect to the sheath
and to earth, and that the circuit in which the power-feeding currents circulate does not provide low impedance
paths for longitudinal currents. .

Introduction

The presence of components capable of withstanding only moderate excess voltage stress, in particular
semiconductor components (transistors, etc.) in telecommunication equipment, necessitates protective measures
against overvoltages which may occur at the terminals. This is so even if the overvoltages only slightly exceed the
service voltages, as they are still capable of disturbing the functioning of these components and even of destroying
them.

In addition, the functioning of circuits provided with repeaters may be disturbed by electromotive forces
induced by power lines, depending on how the lines are operated; disturbance may be caused even when there is
no fault on the lines. ‘

Components, in particular the semiconductor components of apparatus which is directly connected to the
conductors of telecommunication lines, may be damaged since these conductors, whether in cable or in open-wire
lines, are exposed to overvoltages due to external sources such as the magnetic induction caused by power lines or
atmospheric discharges.

The repeaters inserted at intervals on telecommunication lines belong to this category of equipment. As the
remote feeding is by the cable or open-wire conductors which are used for transmission, the overvoltages may
reach the terminals of the semiconductor components and damage them. This can be avoided if protective devices
or appropriate circuit designs are provided in order to limit the overvoltages at sensitive points to permissible
values or to preclude them altogether.

The protective measures required depend partly on the following:
— the value of the e.m.f. which may occur;

— the composition of the line, particularly when cable pairs are used;

— the arrangements made with regard to the outer conductor of coaxial pairs in relation to the metallic
sheath of the cable (floating potential or earth);

— the type of power supply (d.c. or a.c.).

If the overvoltages occurring on conductors used for the power supply are due to magnetic induction
caused by neighbouring power lines, one can start by assessing their values by the calculation methods indicated
in the Directives. Additional calculations are necessary to find what protective measures are required.

When the overvoltages are due to atmospheric discharges, their values can only be reckoned approxi-
mately. The protection provided must therefore be tested in the apparatus concerned under the most realistic
possible conditions.

The above requirements are met by the measures recommended below. These do not pretend to be
complete as the technique is still changing; they will, however, ensure for the manufacturer and the user of such
systems a high degree of protection. v '
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v 1 Methods of calculation

1.1 The Directives [1] explain, in principle, how to calculate the longitudinal e.m.f. induced in the remote-
feeding circuit. The calculation method is applicable both under normal operating conditions and when there is a
fault on the electricity line.

1.2.  The additional calculation of voltages and currents induced in a coaxial pair is based on the longitudinal
e.m.f. reckoned from the information referred to in § 1.1 above. For this calculation it is advisable to refer to
Recommendation K.16. (See also reference [2].)

1.3 For the evaluation of voltages and currents (peak value of short impulses) that may occur in remote-
feeding circuits following atmospheric discharges, reference should be made to the manual cited in [3]. (See also
reference [4].)

2 Limit values of overvoltages

2.1 Longitudinal voltages caused by magnetic induction

In principle, the limit values of induced longitudinal voltages indicated in [5] must not be exceeded when
the ability of the material (cables, conductors, equipment) to withstand higher voltages is in doubt. A higher limit
may be permitted, however, if a previous examination of the dielectric strength of the insulation of the conductors
and the equipment connected to them show that there is no danger of breakdown (see [5]).

If the remote-feeding equipment raises the conductors permanently to a high potential with respect to the
metallic sheath of the cable or to earth, it must be borne in mind that the induced voltage is superimposed on the
power supply voltage (see [5]).

22 Overvoltages caused by atmospheric discharges

The permissible limit values of impulse voltages depend mainly on the dielectric strength of the insulation
of the conductors and the equipment connected to them unless additional provision is made (e.g. in the systems)
to limit the overvoltages to values below the breakdown voltages. The permissible limits at the terminals of
equipment including semiconductor components depend on the characteristics of those components.

3 Protective measures

3.1 Protection against overvoltages

The protective measures should be designed to function whatever the source of the overvoltages (magnetic
induction, atmospheric discharges, etc.).

3.1.1  Protection of conductors in cables

If the limit values indicated in §§ 2.1 and 2.2 above are exceeded, adequate protective measures should be
applied. For example, the dielectric strength of the insulation may be increased when new equipments are
installed. It is also possible to use cables with an improved screening factor. Furthermore, voltages may be limited
by lightning protectors or other voltage limiting devices. In the latter case, care must be taken to ensure that the
lightning protector ceases to function once the overvoltage has disappeared and that the power feeding conductor
resumes normal operation. Other protective measures are not excluded.

In composite cables in which some pairs are used for power feeding, it is advisable to coordinate the
protective measures for all the conductors so as to preclude harmful effects on the cable as a whole.

3.1.2  Protection of repeaters

Protection must be provided both at the input and output of the repeater and on the remote-feeding
circuit.
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It is recommended that protection be incorporated in repeaters using solid-state devices at the time of
manufacture so as to prevent damaging magnitudes of overvoltages from reaching the terminals of sensitive
elements, e.g. the semiconductor components.

When lightning protectors are employed to limit overvoltages, it must be borne in mind that certain
overvoltages whose amplitude is less than the striking voltage are still high enough to damage some components,
e.g. the semiconductor junctions of components, transistors, etc. present in the equipment. It is therefore advisable
to provide protection internally by associating with the lightning protectors other protective components, such as
Zener diodes and filtering, (this may already be provided in the equipment). The combination of these elements
inside the equipment gives protection that is an integrai part of the equipment. This is done in such a way that the
overvoltages, whatever their source or value, are reduced by stages to a sufficiently low level as not to cause any
harm.

It may happen that the protection of repeaters from voltages induced permanently by power or traction
lines requires fewer components and is less expensive when the outer conductor of the coaxial pairs is at a
floating potential than when it is earthed. On the other hand, when the outer conductor is earthed, staff working
on coaxial pair lines are better protected against accidental contact with the inner conductor which, as it is used
for power feeding, is raised to a certain potential. As each system has its advantages and disadvantages, the choice
will depend on operating requirements.

32 Measures to ensure the satisfactory functioning of equipment in the presence of a disturbing voltage
permanently induced in the cable

Steps must be taken to ensure that the repeater functions properly in the presence of disturbing voltages
and current permanently induced in the cable conductors by power or traction lines. This refers to power lines
that cause interference, but which are fault-free. The values of the induced voltages and currents may be assessed
by the calculation methods referred to in § 1.1 above.

4 Testing of power-fed repeaters using solid-state devices

4.1 General

It is advisable that the test conditions simulate real conditions as closely as possible. They must reproduce
not only normal working conditions but accidental circumstances, for example when a conductor which is
normally insulated comes into contact with the metallic sheath of the cable or with the earth.

4.2 Testing by impulse voltages

It is recommended that the information in Recommendation K.17 should be referred to when tests are
carried out by means of impulse voltages and currents. With regard to the amplitude of the waveforms, it is not
enough to allow it to increase to the maximum; it is also necessary to’ make the test with an amplitude which is
less than any threshold voltage of the protection (e.g. striking voltage of lightning protectors). The effectiveness of
the protective devices (diodes, for example) can thus be ascertained in respect of overvoltages whose amplitude is
low but whose energy may be high.

When lightning protectors are employed, it is necessary to ensure that their striking voltages are less than
the dielectric strength between the conductors and the equipment chassis in order to prevent any breakdown.

4.3 Testing by alternating voltages

When repeaters are power fed by symmetric or coaxial pairs whose outer conductors are insulated from
earth or from the metallic cable sheath, it is advisable to carry out a test with an alternating voltage to ensure that
the strength of the insulation with respect to earth is higher than the values permitted in the Directives for voltages.
due to magnetic induction.

In order to check the behaviour of the repeaters and their power supply path when the lightning protectors
strike, an alternating current in accordance with the information given in Recommendation K.17 should be
applied to the terminals of the path.
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In systems where a permanently induced voltage may be expected due, for example, to the alternating
current in railway lines, it is necessary to superimpose on the feed current an alternating current of the same
frequency (50 Hz, 60 Hz, 16 2/3 Hz) and strength as that produced in the power-feeding section when the induced
voltage has the value specified in [5]. During the flow of the induced current the hum modulation must be so
small that the values for route sections suggested by Study Group XV in Question 11 are obtained.
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Recommendation K.16

SIMPLIFIED CALCULATION METHOD FOR ESTIMATING THE EFFECT OF
MAGNETIC INDUCTION FROM POWER LINES ON REMOTE-FED REPEATERS
IN COAXIAL PAIR TELECOMMUNICATION SYSTEMS

(Geneva, 1972)

1 Summary

The article mentioned in reference [1] contains a general treatise covering all possible cases of magnetic
induction and permitting calculation of the location-dependent variation of the induced voltages and currents for
full or partial exposure to induction of a route. This Recommendation gives general information on how to find
an equivalent circuit which permits rapid estimation of the maxima of the voltages and currents in cable
conductors for any length and location of exposure. The lumped capacitances and the transfer impedance of the
equivalent circuit must be appropriately chosen. Only two groups of parameters are required here, depending
upon whether the length of the exposed section is shorter than, or equal to, or greater than half the length of the
power-feeding section. The manner of switching from the complex formulae given in [1] to the simplified
calculation is explained in Annex A.

To check the usefulness of this universally applicable equivalent circuit, the maxima of the voltages and
currents induced on the conductors of a cable when the outer conductors are at floating potential are calculated in
Annex B for some of the exposure values evaluated numerically in the article mentioned above. They are also
entered in the diagrams. It will be seen that the calculation procedure shown in this Annex B gives sufficiently
accurate results for practical purposes.

Annex C shows how the equivalent circuit must be modified in cases where the outer conductors of the
coaxial pairs are earthed at the terminals and at the repeater points.

A similar calculation method for the effects of magnetic induction of power lines on telecommunication
systems installed on coaxial pair cables whose outer conductor is insulated is described in the article mentioned in
reference [2].
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2 Advantages of the equivalent circuit

One of the reference quantities in the exact formulae given in the two articles cited above is the
longitudinal voltage induced in the cable. This can be calculated by the usual methods (see the CCITT Directives).

Once it is known, the induced voltages and currents can be numerically evaluated very precisely from the
exact formulae, but the results approximate the actual values only in so far as this is permitted by the limited
accuracy of the basic parameters used. Experience shows, however, that this accuracy is low since certain factors
which cannot be accurately determined — such as the effective conductivity of the soil — play a considerable
part.

In view of the unavoidable inaccuracy in calculating the induced longitudinal voltage used as reference
quantity, a further error of up to about 20% is tolerated in the remainder of the calculation. The exact formulae
can then be considerably simplified for all applications (since in practice I' - / < 2 and T - / < 2 nearly always
holds) and corresponding equivalent circuits can be devised for each case. (The quantities I' and T are the
propagation constants of the circuits cable sheath— outer conductor and outer conductor—inner conductor, respec-
tively.)

3 Statement of the problem

Equivalent circuits may be considered for the following cases of induction:

1) outer conductor earthed, uniform induction;

2) outer conductor at a floating potential, uniform induction (see Figure A-1/K.16);
3) outer conductor earthed, partial exposure on a short length at midroute;

4) outer conductor at a floating potential, partial exposure on a short length at midroute (see
Figure A-2/K.16).

In practice it is much easier to deal with a single equivalent circuit instead of four. Moreover, it would be
advantageous if, on the basis of the article mentioned in reference [1], a universally applicable uniform equivalent
circuit could be devised which furnished sufficiently accurate information on the maxima of the voltages and
currents induced on the cable even with an arbitrarily chosen partial exposure to induction of a power-feeding
section.

As is shown in Annex A, such an equivalent circuit can be derived with the aid of the circuit diagrams
shown in Figures A-1/K.16 and A-2/K.16. This circuit is shown in Figure 2/K.16.

4 Parameters and symbols employed

On the basis of the general assumption that a power-feeding section with the outer conductors at floating
potential (not bonded to the cable sheath or to a grounding system) is exposed to induction along an arbitrarily
located section, we can draw Figure 1/K.16 below, which shows the conventions and symbols employed.

The symbols denoting the quantities (E, C, V, I) associated with the circuit cable sheath— outer conductor

will be written without a bar and all those (E, C, V, I') associated with the circuit outer conductor—inner
conductor with a bar.

5 Universally applicable equivalent circuit

The arguments in Annex A make it possible to define a universal equivalent circuit (Figure 2/K.16).

For all long-distance communication systems with power-feeding sections that are either uniformly exposed
to magnetic induction or partially exposed along a short central section this equivalent circuit furnishes the
maxima of the voltages and currents induced in the two circuits in Figure 1/K.16, with an accuracy of about 10%.
When this circuit is applied to other cases of exposure, deviations of up to about 20% from the theoretical values
must be expected but this error rate may be tolerated in practice in view of the uncertainty in determining the
induced longitudinal voltage E and because conditions can then be rapidly estimated.
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E = longitudinal voltage induced in the cable (volts)

E = longitudinal voltage in the coaxial tube (volts)

1, = length of the exposed section (km)

I, 1 = lengths of the unexposed sections (km)

I __ = length of the power-feeding section (km) =1, +1, +1,

V, ¥,I,I = maxima of the voltages and currents to be determined

CC = capacitances (F/km) effective per unit length

where . ,

c = Cosb+Cos ;7 Gok+Cf

k ks

C9s = capacitance per unit length between outer conductor and cable sheath (F/km)

Cos = capacitance between the outeronductor and the cable sheath located at the repeater (if any) (F)

Cio = capacitance per unit length between the inner and the outer conductor (F/km)

Cf = sum of all capacitances between the power-feeding path and the outer conductor in the power separating filters of a
repeater (F)

I = length of repeater section (km)

Z = effective transfer impedance per unit length (£2/km) between the circuit cable sheath —outer conductor and the circuit
outer conductor —inner conductor

Ry = resistance per unit length (£2/km) of the outer conductor alone

R; = resistance per unit length (£2/km) of the inner conductor, to which a corrective term is added, which corresponds to

the value, per km, of the resistance of the directional filters

FIGURE 1/K.16

Schematic representation of circuits
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Note — The resistance 7 is to be considered only for earthed outer conductors (see Annex C).

FIGURE 2/K.16
Equivalent circuit

The following comments will help to explain the simplified diagram:

1

2)

All the components of the real transmission lines are assumed to be concentrated, which is acceptable
for a short line open at both ends, for a wavelength corresponding to 50 Hz.

The conductor resistance is not taken into account in the circuits, except for constituting the
inter-circuit transfer impedance; it is introduced weighted by a coefficient k; which depends on the
length of the section exposed and is such that k; < 1.

This implies that the circuits shown in Figure 2/K.16 are in fact open (for induced currents at 50 Hz)
at the ends of the remote-feeding section. This may not be the case, particularly if the power supply
equipments include filters and balancing devices to fix the inner conductor potentials in relation to
the earth. The circuit inner conductor— outer conductor is then terminated across high-value capacitors
which must be added in parallel at Cky! at the two ends of Figure 2/K.16. In this case, the inner
conductor series resistance cannot now be disregarded. A practical example is given in Annex C.
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3)

4

5)

6)

The capacitances Cl; and Ch correspond to the precise terminal beyond the exposed section; the
capacitance of the exposed section is introduced weighted by a coefficient k, which depends on the
length of the exposed section and is such that 2 k, < 1.

The simplified diagram gives rise to dissymmetrical voltages in the circuit sheath— outer conductor. 1t
can be used to determine the maximum values at the ends. Figure 3/K.16 gives an idea, adequate for
practical purposes, of the voltage and current throughout the remote-feeding section. The voltage
varies little outside the exposed section and is zero near the middle. The maximum current occurs near
the middle of the exposed section; the current is obviously zero at the ends, since the circuit is open
when the outer conductor is at floating potential.

Vemaxt Imu
-
Ud ~
y S ~
// . - vma: 3
~
/ ~
/ SN
/ ~ ~
Exposed section
CCITT - 39620

FIGURE 3/K.16

Voltage and current throughout the remote-feeding section in the circuit sheath — outer conductor

On the other hand, in the circuit inner conductor-outer conductor the voltage and current are much
more symmetrical. The capacitance is weighted by a coefficient k, which depends on the length of the
exposed section and is such that 2 k < 1.

The simplified diagram makes it possible to calculate, in the same way as in 4) above, the maximum
voltage and current in the circuit inner conductor— outer conductor. Depending on the nature of the
circuit, these values may be much lower than in the circuit sheath— outer conductor. Figure 4/K.16
gives an idea, adequate for practical purposes, of the voltage and current throughout the remote-
feeding section. The extreme voltages are symmetrical, while the zero voltage and maximum current
are always very near the middle of the remote-feeding section, irrespective of the position of the
exposed section.

Middle of the remote-feeding section

Imax!

-

-~

Venax -~ Venax

Exposed section

/ \ CCITT - 39770

_ FIGURE 4/K.16
Voltage and current throughout the remote-feeding section in the circuit inner conductor — outer conductor
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ANNEX A

(to Recommendation K.16)

Justification of the parameters included in the
universally applicable equivalent circuit

A.l General case

The article mentioned in reference [1] gives equation systems containing the complex transmission
parameters of the two circuits in question.

These equations can be used to arrive at a complete solution of the problem of circuits open at both ends.
These formulae develop a large number of terms into hyperbolic functions of complex parameters which make
them inconvenient to apply in practice. Several approximation stages are required to arrive at a very simple
diagram which can be used for an elementary calculation.

A2 First stage — Symmetrical exposure — Full calculation

The general formulae are applied to two cases of symmetrical exposure, shown in Figures A-1/K.16
and A-2/K.16; in the first case, the exposure covers the entire remote-feeding section, while in the second case it
is confined to a short length in the middle of the section. The curves plotted from the calculations are contained
in reference [1] and are also shown in Figure B-1/K.16.

A3 Second stage — Symmetrical exposure — Simplified diagram

Account is taken of the short electrical length of the lines and of the phase angle near + 45° of the
secondary propagation parameters. This makes it possible to replace the distributed elements by capacitors and
lumped resistances, shown in Figures A-1/K.16 and A-2/K.16. Coefficients such as 5/16, 1/4, 1/2, 1/3 derive
from the series development of the complex hyperbolic terms.

The equivalent circuits in Figures A-1/K.16 and A-2/K.16 can be used to calculate the maximum voltages
and currents in two cases of symmetrical exposure; since these cases are both extremely exceptional, we should, at
the same time, consider the general case of a dissymmetrical exposure of any length. This is the subject of the
following stage.

@ 1 : Inner conductor
€t

Vmax Vmax

S Outer conductor

1 1
V max T ¢ 7! Vmax

f;\
\ ) Cable sheath

/ \ Power line

cCITT - 38630

longitudinal voltage induced in the cable (volts)
resistance of the outer conductor (£2/km)
length of the power-feeding section

~ oy

[T

FIGURE A-1/K.16
Uniform exposure to induction of the power-feeding section
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FIGURE A-2/K.16
Partial exposure of short length in the middle of the section

A4 Third Stage — General case — Simplified diagram

A.4.1 Circuit cable sheath — outer conductor

In the exposed section 2, of length b, the circuit cable sheath/outer conductor can be treated as a 2-wire
line exposed to uniform induction whose ends are terminated by the line capacitances of the adjacent unexposed
sections 1 and 3.

If section 2 is far longer than the sections 1 and 3 (L > [/2), the current and voltage distributions are
mainly determined by the exposed section itself and they will therefore be almost or fully symmetrical with
reference to the middle of the section. The effective capacitance values shown in Figure A-1/K.16 for the
uniformly induced 2-wire line can then be inserted for section 2. The arrangement in Figure A-3/K.16 is then

obtained for L, > 1/2.
z oL 1
Vmax‘ c44 -L IC- C-Tz Cl, v
E
TT 5 11
- d U/

FIGURE A-3/K.16
Circuit cable sheath — outer conductor — long exposed section

—

Q

max,

~

CCITT - 38650

When, however, the exposed section is far shorter than the unexposed sections (5 < 1/2) the current and
voltage distribution will be mainly determined by the admittances at the section ends. The induced current
maximum moves then towards that end of section 2 which is adjacent to the longer of the two unexposed sections.
The largest displacement of the current maximum occurs when section 2 is located directly at the beginning or at
the end of the power-feeding section (4 = 0 or 5 = 0, respectively). In this limit case, the condition of &
approaches that of a uniformly induced 2-wire line with a short circuit at one end.

The following equivalent circuit (Figure A-4/K.16) will therefore be used to determine the maximum
induced current.

a
» [ 3 —— £ max
()
A\
~ a
< gl
a = line length CCITT - 38660

FIGURE A4/K.16

Line with a short-circuit at one end
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This circuit diagram is obtained from one half of the configuration in Figure A.1/K.16, showing a line of
length I = 2 a, with uniform induction and with both ends open, when a connection is established at midroute;
this connection does not change the conditions.

Since, however, the end of section 2 is not short-circuited in the limit case under consideration, but is
terminated by finite admittance (v C - 4 and o C - ], respectively), the effective lumped capacitance C- L/x
associated with section 2 in the partial equivalent circuit must range between the limits:

C. % <C- b < C- % at the end/with the shorter extension, and
X
I, I,
C-Z>C-—>0 at the other end.
X

As will be shown subsequently, the assumption of x = 3 at each end is a compromise which gives
satisfactory results for all locations of the short exposed section. The following configuration (Figure A.5/K.16) is
then obtained for L, < 1/2.

g...

Q

oL L. L.
L1

CCITT - 38670

L.
Vmax C'l' = TC‘TZ o)

O

FIGURE A-5/K.16

Circuit cable sheath — outer conductor — short exposed section

A.4.2 Effective transfer impedance V

The current I flowing in the circuit cable sheath — outer conductor produces a longitudinal voltage E across
the resistance of the outer conductor in the coaxial system. This current I has a maximum in the exposed section
and decreases to zero at the ends of the route. An effective resistance to be used with the maximum of I appears
in the equivalent circuits derived from the simplified formulae. In the equivalent circuit method an effective
resistance is introduced. Once this and the current I are known, it is possible to calculate E. This effective
resistance, designated by Z, - I, is called the effective transfer impedance. It replaces the resistance R, - I. The
value of E is given by the equation: E = I, - Z - L

With unform induction over the power-feeding section, as in Figure A-1/K.16, the value to be used for the
transfer impedance is given by:
2
Z - 1l= 3 Ry - 1
This value can also be inserted where the variation of the current I along the route is largely similar to
that occurring with uniform induction (4, > 1/2).

With a short partial exposure at the middle of the power-feeding section (see Figure A-2/K.16):

must be used for the transfer impedance.

When the short partial exposure is located at the beginning or end of the power-feeding section, the same
value is obtained (as can be proved from the equivalent circuit for a partial exposure at midsection, by inserting
2 - linstead of I).

) The transfer impedance is often also called the coupling impedance of the metallic cable sheath.
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It can therefore be assumed that, as a first approximation, this value will not vary to any great extent even
with an arbitrary location of the short exposed section.

The following values result accordingly for the transfer impedance of the equivalent circuit:

N
Il
|

2 Ry - Ifor [, » —Iand
3 2

N
I
|

1 1
Ry - Ifor l, € -
2 TSy

A.4.3  Circuit outer conductor-inner conductor

In the circuit outer conductor—inner conductor the longitudinal voltage E extends over the full length of
the power-feeding section even in the case of partial exposure. As can be gathered from the Figures in Annex B,
the minimum of the voltage ¥V between the inner and the outer conductor appears exactly at midroute in the case
of a symmetrical exposure and nearly at midroute in all cases of unsymmetrical exposures (even with extremely
short induced sections at the beginning or end of the power-feeding section). The values calculated for current and
voltage in the coaxial pair will therefore not change to any great extent, if it is assumed that the longitudinal-
voltage field strength E /Il is symmetrically distributed irrespective of the length or location of the exposed section.

, With this assumption the circuit diagrams in Figure A-6/K.16 derived from Figures A-1/K.16 and
A-2/K.16 for symmetrical exposure can also be used, as a general rule, for any configuration.
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FIGURE A-6/K.16
Circuit outer conductor — inner conductor;

a) long exposed section, b) short exposed section
A.S Conclusion of Annex A

From the diagrams in Figures A-3/K.16 to A-6/K.16, a generally applicable equivalent circuit can be set
up where the numerical values associated with the capacitances and the transfer impedance will vary according to
the length of the exposed section:

1
L > 2 and I, < EI respectively.

As can be proven with numerical examples, satisfactory results are obtained by keeping the parameters
associated with the case 4, < [/2 even for I, = 1/2. If then we replace:

I I
lL> —byl, > — and
2 2}’2 5

!
2

the full range of all cases of exposure can be covered with two groups of parameters, leaving the error in the
transition zone within tolerable limits.

/
lz<5bylz<

[y

The resulting generally applicable equivalent circuit is shown in Figure 2/K.16.
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ANNEX B

(to Recommendation K.16)

Practical examples of complete calculations and of the simplified calculation.
Case in which the outer conductors are at floating potential

To check the usefulness of this equivalent circuit for arbitrarily chosen partial exposures, the maxima of
the voltages and currents were calculated by means of the equivalent circuit for some cases of exposures
completely calculated in [1] and the values determined were entered in the corresponding diagrams reproduced
from this reference.

The following values for a 300-channel system on small-diameter coaxial pairs were inserted for the
comparative calculation:

C = 0.12 pF/km; Ry = 6.2 Q/km C = 0.2 uF/km; !l = 64 km

The curves of Figures 1 to 5 of this Annex, accurately plotted, show the voltages and currents induced in a
300-channel telecommunication system. These figures correspond to Figure 4/K.16 and Figures A-1/K.16 to
A-3/K.16 of Annex A as reproduced from reference [1] except that a longitudinal voltage of E = 1000 V, instead
of 2000 V, was chosen as reference quantity. The approximate values of the maxima calculated with the equivalent
circuit are indicated by black dots. The agreement with the values furnished by the exact analysis is satisfactory in
all cases.

Example of calculation for Figure B-4/K.16 below

A 64-km power-feeding section of a 300-channel system on small-diameter coaxial pairs, whose outer
conductor is at a floating potential, is assumed to be exposed to a power line between the 12th and the
28th kilometre. The longitudinal voltage in the cable is assumed to be 1000 V, 50 Hz. The maxima of the voltages
and currents appearing in the cable have to be assessed.

There is thus 4, = 12 km, b = 16 km, 5 = 36 km, [/2 = 32 km. Since ,, < 1/2, the following parameters
for the equivalent circuit (see Figure 2/K.16) have to be applied: k = 1/3, ky = 1/2, k = 1/3. Other given

parameters are: C = 0.2 puF/km, Ry = 6.2 Q/km, C = 0.12 pF/km.

Calculation scheme :
Ck, I, =0.12X 1% 16

Cl, =0.12X 12 3 Cl; =0.12X 36
= 1.44 uF = 0.64 uF =432 uF
+ |
o v _/ +
2.08 uF ~ ~— _
496 uF
L ats0Hz: 1530 Q + 640 Q = 2170 Q
wC
/ X 15302 = Vg, =705V
1000V _ _ R | L
Inax = 37903 = 0461 A \: X 6402 = Viax, =295V
X 1985Q=E = 916V
TR I=1X 62X 64=1985Q
SE~ Vnax, ™ Vnax, = 458V
1wC=3X314X 02X 10 X 64 =134 X 10~ mhos
CeITT - 3525 Inax = 1.34 X 1072 X 45.8 = 61.5mA
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TABLE B-1/K.16

Comparison of the equivalent circuit determination
with the accurately calculated maxima

(Values from Figure B-4/K.16)

Maxima Exact calculation Equivalept-circuit Deviation frorq
determination the exact calculation
Vinaxi 685V 705 V ' +29%
Vinaxz 315V 295V —-63%
Iax 0.455 A 0.461 A +13%
V maxi 48V 458 V —4.6%
V maxa 375V 458 V +22%
T max 55 mA 61.5 mA +11.8 %

This comparison shows that, with the exception of the value of V., all deviations from the exact
calculation remain below 12% and the equivalent circuit values are mostly greater than the exact values. The

deviation of 22% in the case of V., is of no practical importance since this involves the smaller of the two
maxima of V.
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FIGURE B-1/K.16

Voltages and currents for a 300-channel route with symmetrical exposures. Voltage induced along
the exposed section: 1000 volts (outer conductors of coaxial pairs at floating potential)
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FIGURE B-2/K.16

Voltages and currents for a 300-channel route with asymmetrical exposures. Length of exposure 4 km.
Voltage induced along the exposed section: 1000 volts (outer conductors of coaxial pairs at floating potential)
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FIGURE B-3/K.16

Voltages and currents for a 300-channel route with asymmetrical exposures. Length of exposure 8 km.
Voltage induced along the exposed section: 1000 volts (outer conductors of coaxial pairs at floating potential)
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FIGURE B-4/K.16

Voltages and currents for a 300-channel route with asymmetrical exposures. Length of exposure 16 km.
Voltage induced along the exposed section: 1000 volts (outer conductors of coaxial pairs at floating potential)
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Voltages and currents for a 300-channel route with asymmetrical exposures. Length of exposure 32 km.
Voltage induced along the exposed section: 1000 volts (outer conductors of coaxidl pairs at floating potential)
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ANNEX C

(to Recommendation K.16)

Practical examples of complete calculations and of the simplified
calculation case in which the outer conductors are earthed

C.1 Where the inner conductors are at a regulated potential, slightly decoupled

For the case of earthed outer conductors and inner conductors at a regulated potential with low-value
earth decoupling capacitors, only the part of the diagram simulating the circuit outer conductor—inner conductor
must be considered in the equivalent circuit, inserting logically the capacitance C instead of C. The resistance
ki Ry I representing the transfer impedance is also omitted. The universal diagram is reduced in this case to the

diagram shown in Figure C-1/K.16.

\ .
Tonax —>
v o
» -
g Tty+ky  L,) c(kz' t2"1:) £
I> T >
E
)
CCITT - 38740
FIGURE C-1/K.16
Circuit cable sheath — outer conductor (long exposed section)
C.2 Where the inner conductors are earthed through a low impedance in the power-feeding station

The universal diagram is reduced in this case to the diagram shown in Figure C-2/K.16.

CCITT - 38750

FIGURE C-2/K.16

Line with a short circuit at one end

C3 Where the inner conductors are at a regulated potential, strongly decoupled

When the outer conductors are earthed and the inner conductors are connected to a regulated potential
with powerful earth decoupling capacitors (several uF), the simplified diagram (Figure C-1/K.16) is insufficient.
Account must also be taken of the resistance of the centre conductors of the coaxial pairs (possible resistances in

series in repeater power feeds).

To ensure the validity of the equivalent circuit thus modified, a calculation was made using a definite
example representing actual service conditions. The systems involved are still 300-channel small-diameter coaxial
pair systems, this time involving a circuit 66 km long, with C = 0.11 pF/km, R; = 17 Q/km, the decoupling
impedance of the regulated supply systems being equivalent to a resistance Rg of 50 ohms in series with a
capacitance Cg of 15 puF. The diagram is shown in Figure C-3/K.16. i
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n=Re+ Rk | rp =Rk, ry=Rkl3 +Re
o
—

E(h'kzlg) +C¢ = #E("zlz ‘lﬁ) +Cp

max,
max,

®

Note — R . is the resistance per kilometre of the inner conductor plus the total resistance of all the repeater directional
filters, exp_ressed as a resistance value per kilometre.

CCITT - 38760

FIGURE C-3/K.16

Equivalent circuit where the outer conductors of the coaxial pairs are earthed and the inner conductors
have a strongly decoupled regulated feed

The induced voltage is assumed to be such that, taking account of the screening factor of the cable, the
interference voltage to be considered is 100 V (if the voltage could not be restricted to such a value, another
solution would be applied, reversion to the floating potential for example). For an induced voltage E of 100 V,
after taking the combined screening factor of the cable sheath and the earthed outer conductors into account,
Figures C-4/K.16 to C-7/K.16 below show the values of the voltages and currents obtained in the complete
circuit; the points corresponding to the use of the equivalent circuit in Figure C-3/K.16 are plotted on these
figures. Agreement between the two series of results is entirely satisfactory.
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Voltages and currents for a 300-channel route with symmetrical exposures
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Voltages and currents for a 300-channel route with asymmetrical exposures
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Recommendation K.17 1 2

TESTS ON POWER-FED REPEATERS USING SOLID-STATE DEVICES
IN ORDER TO CHECK THE ARRANGEMENTS FOR PROTECTION
FROM EXTERNAL INTERFERENCE

Geneva, 1976, modified at Malaga-Torremolinos, 1984 and Melbourne, 1988)

1 Introduction

1.1 As pointed out in Recommendation K.15, § 4.1, it is advisable that the test conditions simulate real
conditions as closely as possible. As certain Administrations may be exposed to different environments, or have
different service objectives or economic constraints, these tests may be modified to adapt them to local conditions.

If the environment is not known, the text given in this Recommendation should be applied.

1.2 None of the tests given in this Recommendation should cause any significant change in the characteristics
concerning the repeaters under test.

In particular, this applies for:

a) current and voltage in the feeding circuit,

b) gain-frequency characteristic,

¢) total noise,

d) bit error rate.

The tests consist of:

— prototype tests,

— acceptance tests.

Tests are intended to check the effectiveness of all the various arrangements made to protect repeaters
using solid-state devices. These arrangements include protective devices incorporated as an integral part of the
repeater or installed externally at the repeater location.

13 Prototype tests

Prototype tests are carried out to check the effectiveness of the repeater design and protective elements in a
severe environment.

In deciding what protective measures should be adopted, allowance should be made for the most
dangerous e.m.f.s that may be produced at the inputs and outputs of repeaters using solid-state devices, even
where the occurrence of such e.m.f.s is very rare. ‘

1) See also Recommendations K.15 and K.16.

2 The tests specified in Recommendation K.17 can also be applied in a similar manner to terminal equipment, e.g. locally-fed
repeaters, power separating filters, power feeding equipment, which are all affected in the same way as intermediate
repeaters. N
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When a repeater using solid-state devices with lightning protectors at its input (or output) terminals is
subjected to an impulse voltage, the (residual) energy capable of reaching components within the time-interval
from zero to the striking-time of the lightning protectors depends, among other things, on the steepness of the
impulse wave-front.

During the prototype test this residual energy should be as large as in the worst case that may be expected
in practice.

This is ensured by choosing an impulse wave of suitable steepness and amplitude. It is, however,
additional to the test described previously, which recommends that the repeater be subjected to an impulse having
an amplitude less than the striking voltage of the lightning protectors, in order to find out how it responds over
the whole of the impulse wave.

14 Acceptance tests

These tests are carried out on equipment after assembly, to check that the protection is working properly.
The test is in general less severe than the prototype test in order to avoid exposing certain components to a
degradation that might remain undetected by any measuring process. However, users are at liberty to stipulate
more stringent tests (adapted to special, real conditions).

The user may decide whether the tests are to be carried out on each equipment or by sampling.

Note — In certain circumstances, users may consider it worthwhile to carry out additional tests adapted to
their own special requirements. Such tests are not given below.

2 Testing methods
2.1 Testing methods concerning the protection of repeaters against overvoltages resulting from lightning (impulse
tests)

Tests will be carried out with a device of the type described in Figure 1/K.17. The values for components
G, and Ry are given in Table 1/K.17. Capacitor C; will have to withstand a charging voltage equal to the peak
voltage value given in Table 1/K.17.

R, =150 R,

Cy = 20 yF R = 5001 =C, (0.2 0r2 uF)

0
T0501320-89

FIGURE 1/K.17

Diagram of an impulse generator

Note — When symmetric-pair (balanced) or p coaxial-pair amplifiers are to be tested the short-circuit
current of the testing equipment should be limited to adequate values by R;, considering the higher conductor
resistances of symmetric-pair and p coaxial-pair lines in comparison to lines in coaxial-pair cables.

The waveforms given in the table are in accordance with the definitions in [1] (the voltages and waveforms
refer to a generator without load).
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TABLE 1/K.17

Characteristics of waveforms to be used for the tests

Coaxial-pair repeaters

Symmetric-pair repeaters

| coaxial-pair repeaters

(= 1.2/4.4 mm) (0.7/2.9 mm)
Prototype tests Acceptance tests Prototype tests Acceptance tests Prototype tests Acceptance tests
Test 1 Test 1
;::: ; Test 3 I::: ; Test 39 ;::: ;a Test 3 i:: ;a Test 3 ;::: ; Test 39 :::: ; Test 3%
Test 2a Test 2a
Column No. ¢y (2 3 ) ) (6) ) ® ® (10) an (12)
Waveform 10/700 10/700 100/700 | 100/700 10/700 10/700 100/700 | 100/700 10/700 10/700 100/700 | 100/700
Load 0.1 max. 0.1 0.06 max. 0.06 0.03 0.03 0.03 0.03 0.1 "max. 0.1 0.06 max. 0.06
coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb | coulomb
Peak voltages 5 kV SkV 3kV 3kV 1.5 kV: 1.5 kV 1.5 kV 1.5 kv 5 kV S kV 3 kV 3 kV
Short-circuit current 333 A 200 A 375 A 375 A 125 A 75 A
Peak current in the power-feeding circuit 50 A 50 A 375 A 375 A 50 A 50 A
G 0.2 uF 0.2 uF 2 uF 2 pF 0.2 uF 0.2 uF 2 uF ’2 uF 0.2 uF 0.2 uF 2 uF 2 uF
Ry 9 o o ° 25Q 25Q 25 Q 25 Q 25 Q 25 Q 25 Q 25Q
Number of pulses 10 10 2 2 10 10 2 2 10 10 2 2

a

b

<

For Test 3 on coaxial-pair repeaters, the peak voltage may be reduced to such a value as to cause not more than 50 A to flow.

Approximate values (see also the Nore under § 2.1 in the text).

Resistor R; (0-2.5 ohms) may be introduced to prevent oscillatory discharge. It may be greater than 2.5 ohms if G and R, are adjusted to maintain the waveform under load.




The tests are carried out with the polarity reversed at consecutive pulses, with a time interval of one
minute between pulses; the number of pulses applied to each test point in the different cases is given in the
bottom line of Table 1/K.17. Impulse waves should be applied at the following points:

Test 1: at the input of the repeater, with the output terminated by its characteristic impedance;

Test la: between input terminals of the repeater and conductive housing normally connected to earth
in the case of symmetric pair repeaters;

Test 2: at the output of the repeater, with the input terminated by its characteristic impedance;

Test 2a: between output terminals of the repeater and conductive housing normally connected to earth
in the case of symmetric pair repeaters.

Test 3: (longitudinal) between the input-side inner conductor and the output-side inner conductor of
the repeater in the case of coaxial-pair repeaters (at the terminals of the feeding circuit, in the case of
symmetric-pair repeaters).

Equipments protected with arresters and installed on symmetrical pair cables, which are induced by
a.c. power or traction lines, can be tested with an alternating current, applied for 0.5 second. Current intensity and
frequency are comparable to the alternating currents that are likely to be encountered in practice, but should not
exceed 10 A r.m.s.

Power should be supplied to the repeater during Tests 1, 1a, 2 and 2a, but not for Test 3.

For these tests the circuit arrangement given in Figure 2/K.17 for coaxial pairs and in Figure 3/K.17 for
symmetric pairs may be found helpful. To couple the impulse generator to the repeater, lightning protectors with a
striking voltage of approximately 90 V may be used, as illustrated in Figures 2/K.17 or 3/K.17, respectively.

Test 3

[ 1

Test 1 Test 2

7 5 7
~90V ~90V

A D B =~

(|
-
-
-
-

Stmasa

+|y-
[ CCITT - 38822

Note — The value of Z will be chosen in conformity with the system under test.

FIGURE 2/K.17

Test 3
[ 1

Test 1 Test 2

? Test 1a ? Test 2a

7 7
Iy &D*‘EQYJ ____________ l___ﬂ M &Dwov

LI N

g

T0501340-89

1 NE

Note — The value of Z will be chosen in conformity with the system under test.

FIGURE 3/K.17

Example of circuit arrangement for impulse voltage test for power-fed
repeaters used on symmetric-pair cables
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2.2 Testing methods concerning the protection of repeaters against a.c. induction caused by a fault in a power line

221  A.c. tests on the input and output terminals of a repeater

An alternating e.m.f. (source frequency 16 2/3, 25, 50 or 60 Hz) is applied:

— across the repeater input, the output being terminated with an impedance twice the characteristic
impedance;

— across the repeater output, the input being terminated with an impedance twice the characteristic
impedance.

- The value, the duration and the internal impedance of the e.m.f. source must be representative of local
conditions. (This test is only specified for coaxial-pair repeaters.)

2.2.2  A.c. tests on the terminals of the power-feeding path of the repeater

An alternating current of the appropriate frequency and value is fed into the terminals of the power
feeding path.

If the additional stress from the application of power feeding is negligible, power feeding should not be
applied during tests specified under § 2.2. However, if this stress is not negligible, the highest level of power
feeding stress should be simulated during the a.c. tests.

2.3 Testing methods concerning the protection for repeaters against disturbances resulting from the presence of
alternating longitudinal e.m.f.s permanently induced by electricity lines

For satisfactory operation in the presence of steady-state induced voltages (see Recommendation K.15,
§ 3.2) the hum modulation characteristics of the repeaters should, as specified in Recommendation K.15, § 4.3,
meet the recommendations for route sections prepared by Study Group XV and the repeater should operate
without significant change to its transmission performance (for example, see the Recommendation cited in [2])
when connected to a typical power-feeding circuit in the presence of:
a) an alternating voltage of the appropriate frequency (50 Hz, 16 2/3 Hz, etc.) applied to:
i)  the signal input terminals, or
ii)  the signal output terminals.

The source of this alternating voltage shall have, at the points of connection to the test circuit, such
an impedance as not significantly to disturb the transmission-frequency characteristics of the circuit.

b) an alternating current of the appropriate frequency superimposed on the power-feeding current of the
repeater.

The test specified in a) must be performed with 60 V or 150 V according to the limits of permanently
induced e.m.f. (see [3]). The test specified in b) must be performed with a current value corresponding to an e.m.f.
of 60 V or 150 V calculated according to Recommendation K.16 and assuming the most adverse situation.

3 Tests to be carried out for the different cases

31 Test conditions for repeaters used on coaxial pairs

The following tests were formulated for the case where the outer conductor is connected to the metallic
cable sheath. This covers the case where the outer conductor (normally at a floating potential) comes accidentally
into contact with the metallic sheath.

3.1.1  Prototype tests
3.1.1.1 Tests at the input and output terminals of the repeater

3.1.1.1.1  Impulse tests

These tests will be carried out under conditions listed in Column 1 of Table 1/K.17.

If protection is ensured by operating threshold type devices (e.g., lightning protectors) at the input and
output of the repeater and they do not strike under the above test conditions, the charging voltage of the
capacitor, C,, should be gradually increased (though not beyond 7 kV %) until they do so.

3} If repeaters used for p coaxial-pairs are tested, the maximum peak voltage need not exceed 5 kV.
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If the protectors do not strike at 7 kV, or if the repeaters subjected to prototype tests are not provided with
lightning protectors, the waveform suggested above may not be suitable. A pulse shape which simulates a
breakdown in the cable can be produced by the test generator already mentioned above when a spark gap of the
proper striking voltage is connected across the circuit. Where lightning protectors are provided, and if they strike
under the above test conditions, the charging voltage of the capacitor, C;, should be gradually decreased until
they do not strike.

3.1.1.1.2 A.c. tests ¥

.

A voltage having an r.m.s. value which will produce 1200 V across a resistor of 150 ohms shall be applied
for 0.5 seconds at:

— the input of the repeater, with the output terminated by a resistor of 150 ohms,
— the output of the repeater, with the input terminated by a resistor of 150 ohms.

The impedance of the source of voltage shall be such that any current which flows, lies between 8 A and
10 A.

The e.m.f. of the source of the voltage should be such that when it is loaded with a resistor having a value
of 150 ohms, a voltage of at least 1200 V r.m.s. appears across the load resistor. An example of a test circuit
suitable for a frequency of 50 Hz is shown in Figure 4/K.17.

L=0,64H

E =2000V R=1500

CCITT - 38840

FIGURE 4/K.17
Example of test circuit for a.c. tests at 50 Hz

3.1.1.1.3  Steady-rate a.c.-induced voltage tests

These tests should be carried out in accordance with § 2.3 above.

3.1.1.2 Tests at the terminals of the repeater power-feeding circuit

3.1.1.2.1  Impulse tests

These tests will be carried out under conditions listed in Column 2 of Table 1/K.17.

In this test the capacitor, C;, may be charged either at 5 kV or at a lower voltage provided the peak
current in the power-feeding circuit reaches 50 A.

3.1.1.22  A.c. tests
These tests consist in passing an alternating current, comparable in intensity and frequency to the

alternating currents that are likely to be met with in practice, through the power-feeding circuit. The current
should be applied for 0.5 sec., but should not exceed 10 A r.m.s.

3.1.1.2.3 Steady-state a.c.-induced voltage tests

These tests should be carried out in accordance with § 2.3 above.

4 This part of the Recommendation may be modified following future studies and tests. If an Administration considers that
these values are too high for its requirements in view of the local conditions concerned, a lower value may be specified.
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3.1.2  Acceptance tests

3.1.2.1 Tests at the input and output terminals of the repeater

These tests will be carried out under conditions listed in Column 3 of Table 1/K.17.

3.1.2.2 Tests at the terminals of the power-feeding circuit of the repeater
These tests will be carried out under conditions listed in Column 4 of Table 1/K.17. In this test, the

capacitor, C;, may be charged either at 3 kV, or at a lower voltage, provided the peak current in the
power-feeding circuit reaches 50 A.

3.2 Test conditions for repeaters used on symmetric pairs
3.2.1  Prototype tests
3.2.1.1 Tests at repeater input and output terminals

3.2.1.1.1  Impulse tests

14

These tests will be carried out with a waveform having the characteristics listed in Column 5 of
Table 1/K.17.

Where the dielectric strength of the symmetric pairs is greater than that of paper-insulated pairs, it would
be advisable to use a higher peak voltage than that shown in Table 1/K.17.

Where lightning protectors are provided and if they strike under the above test conditions, the charging
voltage of the capacitor, C;, should be gradually decreased until they do not strike.

Note — When lightning protectors are placed between the input and output terminals of the repeater and
its chassis, one of the terminals should be connected to the chassis before making the transverse-voltage test to
simulate striking of a lightning protector.

3.2.1.1.2 A.c. tests

A.c. tests are not specified.

3.2.1.2 Tests at the terminals of the repeater power-feeding circuit

3.2.1.2.1  Impulse tests

These tests will be carried out under conditions listed in Column 6 of Table 1/K.17.

32122 A.c. tests
These tests consist in passing an alternating current, comparable in intensity and frequency to the

alternating currents that are likely to be met with in practice, through the power-feeding circuit. The current
should be applied for 0.5 second.

These tests may be omitted if the repeaters, in their environment, are not likely to experience longitudinal
e.m.f.s induced by electricity lines which will produce the flow of longitudinal currents.
3.2.1.2.3 Steady-state a.c.-induced voltage tests

These tests should be carried out in accordance with § 2.3 above. N

322  Acceptance tests

3.2.2.1 Tests at the input and output terminals of repeaters

These tests will be carried out under conditions listed in Column 7 of Table 1/K.17.
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3.2.2.2 Tests at the terminals of the repeater power-feeding circuit

These tests will be carried out under conditions listed in Column 8 of Table 1/K.17.

33 Test conditions for regenerators and power feeding sources used on optical fibre transmission systems

The following tests are applicable for all types of regenerators.

In principle two types of regenerators exist: Regenerators with housings on floating potential and
regenerators with housings connected to local earth. The regenerators may also be power-fed via separate
d.c.-converters. These stand-alone units may be also considered as one “regenerator” for the purposes of this
Recommendation.

3.3.1  Prototype tests

3.3.1.1 Impulse tests

These tests will be carried out under conditions listed in column 1 of Table 2/K.17.

Tests should be applied to equipment as indicated in Figure 5/K.17.

—  Test 1: between terminals ‘a and b of the power feeding path;

—  Test 2: between terminal a of power feeding path and reference earth.

—  Test 3: between terminal b of power feeding path and reference earth.

—  Test 4: between both terminals a and b of power feeding path and reference earth.

Earth connections of housings to reference earth should be the same as used in practice.

TABLE 2/K.17

Characteristic of waveforms to be used for impulse test of optical fibre systems

‘ | Impulse tests
Prototype tests | Acceptance tests
Test 1 Test 1
Test 2 Test 4
Test 3
Test 4
Column No. ) 1) 2)
Waveform 10/700 100/700
Load 0.1 coulomb 0.06 coulomb
Peak voltages 5 kV. 3kV
Short circuit current 333 A 200 A
G 0.2 pF 2 uF
R; 25Q 25Q
Number of pulses 10 2
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jren | Test b focimg sourca | Optical-fibre
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T0500070-88

1

Note — Earth connection if existing in practice.

FIGURE 5/K.17

Circuit arrangements for impulse tests

3.3.1.2 A.C. tests

3.3.1.2.1  Short-term a.c. induction

These tests are carried out under conditions listed in Table 3/K.17. ,
Tests 1, 2, 3 and 4 should be applied to equipment as indicated in Figure 5/K.17 and explained in
§ 3.3.1.1.

TABLE 3/K.17

Currents and voltages for a.c. tests of optical fibre systems

A.C. tests
Test 1 Test 2

Test 3

Test 4
Voltage 1200 vr.mAsA
Current 10 Ap s, max. 10 A, s
Duration 0.5s 05s
Number of tests 1 1
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3.3.1.2.2 Steady state a.c. induction

These tests should be carried out in accordance with § 2.3b) and equipment should operate during tests
without significant increase of bit error rate.

3.3.1.3 Immunity test against fast transients induced in the power feeding path

These tests may be carried out to ensure that the regenerator is sufficiently protected against transients
occurring in the power feeding path.

These tests should be applied to equipment as indicated in Figure 6/K.17.

For testing, a generator according to IEC publication 801-4 should be used. At test voltages up to 1 kV the
simulated signal transmission should not be disturbed severely. It is recommended to carry out this test if the
power feeding path is not sufficiently shielded and interferences due to switching in electic power systems may be
expected.

Feeding

current Coupling nerwork
Ic
T fY'I\-;'Y'\ . . 4
c Power feeding input Regenerator
' under test
- L c b
z | T
s
Waveform 1 7 I . \
5/50 ns ! Glass-fibre 4
]
Fast transit generator Bit error
{EC 801-4 measuring set
T0500080-88
FIGURE 6/K.17

Immunity test for regenerators for glass-fibre systems

3.3.2  Acceptance tests

Only impulse tests will be carried out under conditions listed in column 2 of Table 2/K.17.

Tests 1 and 4 have to be performed taking into account the remarks given in § 1.4.
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Recommendation K.18

CALCULATION OF VOLTAGE INDUCED INTO TELECOMMUNICATION
LINES FROM RADIO STATION BROADCASTS AND METHODS
OF REDUCING INTERFERENCE

Geneva, 1980, modified at Malaga-Torremolinos, 1984 and at Melbourne, 1988)

1 Introduction

Although inductive interference from radio waves is seldom observed on circuits in underground cables,
many examples of such interference have been reported in circuits carried by open wires, aerial cables or cables
inside buildings.

Interference on voice-frequency circuits occurs because the induced radio wave is detected and demodu-
lated by the nonlinear components in a telephone set or by metal oxide layers formed at conductor joints. This
interference is mostly intelligible noise and may occur up to 5 km from a radio station whose radiating power is
more than several tens of kilowatts. ’

On carrier or video transmission circuits, the induced radio wave impairs circuit performance when the
radio-wave frequency is within the operating frequency of the transmission system. The interference usually
consists of a single frequency tone within a telephone channel and is unintelligible. It reduces the signal-to-noise
ratio (SNR) for the transmission system. This interference may occur within a wide area around a radio station.
Interference on video transmission circuits has been reported in only a few cases, but it is expected to cause
serious problems when video transmission services increase in number in the future.

An unusual example of interference may arise in which outside plant maintenance personnel receive burns
due to radio frequency currents. Such problems have been reported only in the immediate vicinity of a radio
station antenna.

2 Analysis of interference

In the theoretical analysis of the voltage induced from a radio wave, the following conditions are assumed:
— Earth resistivity is homogeneous and uniform.

— A cable or a wire is supported in a straight line at a constant height above the earth’s surface.

— The metallic screen of a cable is earthed at both ends.

— The radio-wave electric field has a constant intensity and a constant incidence angle, and phase
change along the cable is uniform.

— The radio wave is originally polarized vertically. However, while it propagates along the surface of the
earth, a horizontal component is generated due to the finite conductivity of the earth.

Constants and variables used for theoretical analysis are shown in Annex A.
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2.1 For telecommunication lines without a metallic screen, the horizontal component of the radio-wave electric
field acts directly as an electromotive force on the telecommunication line. This causes induced noise at terminals
when the circuit has an impedance unbalance with respect to earth. Induced longitudinal voltages at the ends of a
telecommunication line without a metallic screen are given by Equations (B-1) and (B-2).

22 For telecommunication cables with a metallic screen, the horizontal component of the radio-wave electric
field acts as an electromotive force, causing induced current to flow in the earth return circuit composed of the
metallic screen of the cable and the earth. Due to the current in the screen, an electromotive force is induced in
the conductors through the transfer impedance between the conductors and the metallic screen. This electromotive
force may cause disturbance to metallic circuits in the cable, according to the degree of their unbalance with
respect to the metallic screen (or the earth).

Induced longitudinal voltages at the ends of a telecommunication cable with a metallic screen are given by
Equations (B-3) and (B-4). In reference [1] the values obtained by using these equations are shown to agree with
measured values.

23 The equations in Annex B are very complicated and involve many parameters. It is therefore useful to
estimate the approximate value of the maximum induced longitudinal voltage by the following simplified
equation:

¥2(0) dB [~ ¥ ()] = 20 log;o V2 (0)

PE, (cos 0) Zg

= 20 10g10 - 30 loglof— 20 logm(lzo + 300 ’ 2-1)
4201 : !
where
1> 13Bo g (2-2)
S B
200 < | Zir l, | ZlLl < ' Zo l (2-3)
Y2 = 0y + jB2

oy = oyl f x 1073 (dB/km)

0y is the attenuation coefficient at 1 MHz (dB/km)
S is the radio-wave frequency expressed in Hz.
Other constants and variables are shown in Annex A.

Equation (2-1), which gives the maximum induced longitudinal voltage in dB (0 dB = 0.775 V), is
obtained on the basis of the following:

The induced longitudinal voltage calculated by the equations in Annex B reaches an initial peak value
when cable length

1.5 Bo
S B2

= x 108

and subsequently describes a series of peak values. Its maximum value occurs at one of the earliest peak values
along the cable length.

1.5 B,
f- B2

x 108,

A%

The induced longitudinal voltage reaches its maximum at one of the earliest peak values due to the
attenuation of the induced radio wave along the cable (Figure 3/K.18).

The errors involved in using Equation (2-1) instead of the full equations of Annex B are described in
detail in Annex C.
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2.4 If the line configuration is very complicated, it is necessary to divide the line into several segments and to
estimate the induced longitudinal voltage for each segment by Equations (B-1) to (B-4). Estimated induced
voltages for each segment are then combined to obtain the overall induced voltage, taking into account the
transmission characteristics and the boundary conditions of the line involved.

When the simplified equation (2-1) is applied to a complicated line, a straight line model may be used to
estimate the maximum induced longitudinal voltage. Calculations should commence at the point nearest to the
radio station and the smallest value of radio wave incidence angle should be used.

2.5 When field measurement of the radio-wave electric field strength is carried out, the measured value may be
used for E, in Equation (2-1). - .

When the measured value is not available, the radio-wave electric field strength E, can be calculated by
Equation (2-4), taking into account the distance from the radio station and the power of the radio station

transmitter (see [2]).
E - 1 _[15PZ, 24
r 2n

where
P s the radio station transmitting power (W)
r  is the distance from radio station (m)
Z, is the intrinsic impedance of free space (=377 Q)

Figure 1/K.18 shows values of E, obtained from Equation (2-4) using various values of P.

dB
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P

= 7000 kw
%
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120 0
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\
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80

\\\

Electric field strength (£ )

7

60

40

20

0
100 1000 10000 100060 m
CCITT - 38850

Distance from radio station (r)

Note — E,, is expressed in dB (0dB = 1 puV/m).

FIGURE 1/K.18

Radio-wave electric field strength related to
the distance from the radio station

2.6 The angle of incidence made by the radio wave onto the telecommunication line may vary according to
circumstances. :

When the telecommunication line is installed in open country, either a measured value of the incidence
angle or a value calculated from the relative location of the radio station and the telecommunication line may be
used. ’
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When the telecommunication line is installed near structures which obstruct radio wave propagation, the
incidence angle may be taken as zero and the severest condition assumed.

27 The induced longitudinal voltage at the ends of the telecommunication cable shown in Figure 2/K.18 may
be estimated using the simplified method which follows.

Inserting the values for parameters P, f, o, P> and 0 given in Figure 2/K.18 together with calculated
values for E, and Zy into Equations (2-1) and (2-2), the following results are obtained:

V2(0) = V»(l) = —35.0dB
1> 210m
Moreover, using 8 = 0° as the most severe value, the following is obtained:
V,(0) = Vy(I) = —32.0dB

1> 210m

Radio station

\
N
[L . P=100 kW
f=1500kHz
5 km
45°
= 10 mS/m

(]

AN Telecommunication cable
N N t with aluminium sheath

diameter
% % thickness
7 2

Q20

22 mm
0.2 mm
6 dB/km

1.4 B
R=O

=
z
=
o
o]
o
I

CCITT - 38860

o

FIGURE 2/K.18
Relative position of radio station and telecommunication line

In Figure 3/K.18 the results obtained by using the simplified calculations are compared with others
derived from using the more rigorous methods described in Annex B, in which values of V; related to cable length
are expressed. It is apparent that the simplified method is adequate for estimating the most severe interference
likely to be experienced.
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FIGURE 3/K.18
Calculated induced longitudinal voltage at ends of cable shown in Figure 2/K.18
2.8 Transverse voltages which cause noise arise due to the imperfect balance of the circuit with respect to the

metallic screen (or earth). If a ratio, A is used to related longitudinal and transverse voltages, noise levels may be
obtained from calculated or measured values of the induced longitudinal voltage:

V=AW

where

Va[V2(0) or V5(1)] is the longitudinal voltage at the ends of the longitudinal circuit under open circuit
conditions,

VIV(0) or V(I)] is the transverse voltage at the ends of the circuit when terminated with its characteristic
impedance at both ends.

For example, in the case shown in Figure 2/K.18 and A equal to —40 dB, the noise level, V is obtained as
follows:

(in this case, ¥, = —35 dB [0 dB = 0.775 V])
V= —35-40dB = —75dB

3 Reduction of interference

The following measures may be taken to minimize interference:

3.1 Interference to a voice-frequency circuit can be reduced by inserting a 0.01 ~ 0.05 uF capacitor between
conductors and the earth at the input terminal or at the telephone set, to bypass induced radio-wave currents.
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3.2 Interference to carrier and video transmission systems can be reduced by the following measures:

3.2.1 An adequate screen should be incorporated in the cable, e.g. a 0.2-mm thick aluminium screen around a
cable provides a reduction of interference of about 70 dB. The aluminium screen should be earthed at both ends
with resistance less than | Zg | Q, when earth conductivity is less than 0.1 S/m. If the screen thickness is increased
to 1.0 mm the reduction is improved by a further 50-60 dB.

3.22 Conductors should be completly shielded by a metallic screen around cable joints and at cable terminals.

Note — If the metallic screen is removed for a length of about 30 cm, induced voltages increase by about
30 dB, even if the metallic screen is connected electrically. Even if only 5 cm of the metallic screen is removed
from a cable end, induced voltages increase by about 10 dB.

3.23 In sections susceptible to radio-wave interference, underground cable should be installed or different cable
routings should be used.

3.24 Distances between repeaters should be reduced to provide an acceptable signal-to-noise ratio (SNR) for the
system.

3.2.5 The admittance unbalance of the terminal equipment and repeaters at the radio-wave frequency should be
improved with respect to earth.

3.2.6 Pre-emphasized level setting of the transmission system should be used.

]
33 To reduce the induced dangerous voltage to maintenance personnel, a capacitor may be inserted between
the conductors and the earth at suitable intervals within the induced section to bypass the induced current.

In this case, care must be taken, in selecting an appropriate capacitor, to combine minimum attenuation of
the transmission frequencies with effective earthing at the radio-wave frequency. Care should be taken to prevent
the capacitor from being damaged by overvoltages appearing on the conductors.

ANNEX A

(to Recommendation K.18)

Constants and variables used in Recommendation K.18

Al The ratio of horizontal component to vertical component, P for a radio-wave electric field propagating
along the ground surface is:

E,
P = | — — | ~ - A-1
E, (A1)

where
E, is the horizontal component in radio wave electric field strength (V/m)
E, is the vertical component in radio wave electric field strength (V/m)
g, is the specific dielectric constant of earth
g is the dielectric constant of free space (F/m)
Z, is the intrinsic impedance of free space (Q)
Bo is the phase constant of free space (rad/m)
o is the earth conductivity (S/m)
o is the angular frequency of radio wave (rad/s)

S is the frequency of radio wave (Hz)
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A2

N
where

A3

88

The transfer impedance of the metallic screen of a cable sheath, Zy is:

Kt '
Zyx = - Ryc Q/m A-2
K sinh Kt ¢ (A-2)

Ry is the direct-current resistance per unit length of metallic screen (Q/m)
K = jjopg

pn is the permeability of metallic screen (H/m)

g is the conductivity of metallic screen (S/m)

t s the thickness of metallic screen (m).

In connection with the following symbols, see Figure A-1/K.18.

0 is the incidence angle of radio wave to telecommunication line (rad)

I is the cable length (m)

x is the distance along the cable from the cable end near to the radio station (meters)
Zy is the earth return circuit characteristic impedance (Q)

Y1 is the earth return circuit propagation constant

Zy, is the longitudinal circuit characteristic impedance ()

Y2 is the longitudinal circuit propagation constant

Z,, Zx earth return circuit terminal impedance (£2)

Z,1, Z>r longitudinal circuit terminal impedance ()

Zy — Zy . .. . .
'L = S0~ “IL s the earth return circuit current reflection coefficient at x = 0
Zy + Zy
ZOi - ZiR . . . . .
I''lr = ——— s the earth return circuit current reflection coefficient at x = [/
Zy + Zpg
Zy — 2y . e - .
I = 20 = #9L is the longitudinal circuit current reflection at x = 0
Zy + Zy
Zy — Zopg . o N .
I')r = ———= is the longitudinal circuit current reflection at x = /
Zy + Zp

Vim (x) (for m

0) is the voltage in earth return circuit with matching at both ends

Vim (x) (for m

L) is the voltage in earth return circuit with mismatching at x = 0

I

Vim (x) (for m = R) is the voltage in earth return circuit with mismatching at x = /

Vam (x) (for m

0) is the voltage in longitudinal circuit with matching at both ends

Vam (x) (for m

L) is the voltage in longitudinal circuit with mismatching at x = 0

Vam (x) (for m

R) is the voltage in longitudinal circuit with mismatching at x = |/
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Termination of earth return circuit (Zy; Z4g)
and longitudinal circuit (Z3,,Z8)

ANNEX B

(to Recommendation K.18)

Induced longitudinal 