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Publication numbering 

As from 1 January 1997 all IEC publications are issued with a designation in the 
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1. 

Consolidated editions 

The IEC is now publishing consolidated versions of its publications. For example, 
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the 
base publication incorporating amendment 1 and the base publication incorporating 
amendments 1 and 2. 

Further information on IEC publications 

The technical content of IEC publications is kept under constant review by the IEC, 
thus ensuring that the content reflects current technology. Information relating to 
this publication, including its validity, is available in the IEC Catalogue of 
publications (see below) in addition to new editions, amendments and corrigenda. 
Information on the subjects under consideration and work in progress undertaken 
by the technical committee which has prepared this publication, as well as the list 
of publications issued, is also available from the following: 

• IEC Web Site (www.iec.ch) 

• Catalogue of IEC publications 

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to 
search by a variety of criteria including text searches, technical committees 
and date of publication. On-line information is also available on recently issued 
publications, withdrawn and replaced publications, as well as corrigenda.  

• IEC Just Published  

This summary of recently issued publications (www.iec.ch/online_news/ justpub) 
is also available by email. Please contact the Customer Service Centre (see 
below) for further information. 

• Customer Service Centre 

If you have any questions regarding this publication or need further assistance, 
please contact the Customer Service Centre:  
 

Email: custserv@iec.ch 
Tel:  +41 22 919 02 11 
Fax:  +41 22 919 03 00 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
–––––––––– 

 
ELECTRICAL INSTALLATIONS OF BUILDINGS – 

 
Part 4-44: Protection for safety – 

Protection against voltage disturbances and  
electromagnetic disturbances 

 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60364-4-44 has been prepared by IEC technical committee 64: 
Electrical installations and protection against electric shock. 

This consolidated version of IEC 60364-4-44 is based on the first edition (2001) and its 
amendment 1 (2003) [documents 64/1303/FDIS and 64/1329/RVD]. 

It bears the edition number 1.1. 

A vertical line in the margin shows where the base publication has been modified by 
amendment 1. 
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The IEC 60364 series (parts 1 to 6), is currently being restructured, without any technical 
changes, into a more simple form (see annex C). 

According to a unanimous decision by the Committee of Action (CA/1720/RV (2000-03-21)), 
the restructured parts of IEC 60364 have not been submitted to National Committees for 
approval. 

Annexes A, B and C are for information only. 

Annex D forms an integral part of this standard. 

The committee has decided that the contents of the base publication and its amendment 1 will 
remain unchanged until 2005. At this date, the publication will be 
• reconfirmed; 
• withdrawn; 
• replaced by a revised edition, or 
• amended. 
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440   Introduction 

Part 4-44 of IEC 60364 provides rules for the protection against the effects of conducted and 
radiated disturbances on electrical installations. 

The rules of this standard do not apply to systems which are wholly or partly under control of 
public power supply companies (see scope of IEC 60364-1). 

The fault-current flowing in the earth electrode of the exposed-conductive-parts of the sub-
station causes a significant rise of the potential of the exposed-conductive-parts of the sub-
station to the general mass of the earth, i.e. a fault-voltage, whose magnitude is governed by 

• the fault-current magnitude, and 

• the resistance of the earth electrode of the exposed-conductive-parts of the sub-station. 

The fault-current may cause 

• a general rise of the potential of the low-voltage system with respect to earth, i.e. stress-
voltages which may cause a breakdown of the insulation in low-voltage equipment, 

• a general rise of the potential of the exposed-conductive-parts of the low-voltage system 
with respect to earth, which may give rise to fault-voltage and touch voltages. 
NOTE   In this standard, the expression "high-voltage" (HV) refers to voltages exceeding the upper limit of 
voltage band II. The expression "low-voltage" (LV) refers to voltages not exceeding the upper limit of voltage 
band II.  

Clause 443 is intended to describe the means by which transient voltages can be limited to 
reduce the risk to an acceptable level of failure in the installation and in electrical equipment 
connected to it. This approach is in line with the principles of insulation co-ordination contained 
in IEC 60664-1. IEC 60664-1 requires technical committees to specify an appropriate impulse 
withstand category (overvoltage category) for their equipment; that means a minimum impulse 
withstand voltage for the equipment, according to its application and the related impulse 
withstand categories. 

NOTE In accordance with 2.2.2.1.1 of IEC 60664-1, technical committees should specify the relevant information. 
It is recommended to indicate the rated impulse withstand voltage applicable to the equipment and the way this is 
provided. 

(Introduction IEC 60364-4-444, in part). 

In clause 444, basic recommendations are described to mitigate electromagnetic disturbances. 
Actually electromagnetic interferences (EMI) can disturb or damage information technology 
systems or equipment, equipment with electronic components or circuits. Currents due to 
lightning, switching operations, short-circuits and other electromagnetic phenomena can cause 
overvoltages and electromagnetic interference.  

These effects appear 

• where large metal loops exist1); and  

• where different electrical wiring systems are installed on different routes, e.g. for power 
supply and for signalling information technology equipment within a building. 

________ 
1)  Equipotential bonding systems, structural metalwork or pipe systems for non-electrical supplies, e.g. for water, 

gas, heating or air conditioning, can create such induction loops. 
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The value of the induced voltage depends on the rate of rise (di/dt) of the interference current, 
and on the size of the loop.  

Power cables carrying large currents with a high rate of rise of current (di/dt) (e.g. the starting 
current of lifts or currents controlled by rectifiers) can induce overvoltages in cables of 
information technology systems, which can influence or damage information technology or 
similar electrical equipment. 

In or near rooms for medical use, electric or magnetic fields of electrical installations can 
interfere with medical electrical equipment. 

Clause 445 deals with the precautions to be taken in the case of undervoltages. 
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ELECTRICAL INSTALLATIONS OF BUILDINGS – 
 

Part 4-44: Protection for safety – 
Protection against voltage disturbances and  

electromagnetic disturbances 
 
 
 

440.1  (442.1.1)   Scope 

The rules of this part of IEC 60364 are intended to provide for the safety of persons and 
equipment in a LV system in the event of a fault between the HV system and earth in the HV 
part of transformer stations which supply low-voltage systems. 

440.2  (442.1.4)  Normative references 

The following referenced documents are indispensable for the application of this document. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments) applies. 

IEC 60038:1983, IEC standard voltages 

IEC 60050(604):1987, International Electrotechnical Vocabulary – Chapter 604: Generation, 
transmission and distribution of electricity – Operation 

IEC 60050(826):1982, International Electrotechnical Vocabulary – Chapter 826: Electrical 
installations of buildings 

IEC 60364-1:2001, Electrical installations of buildings – Part 1: Scope, object and fundamental 
principles 

IEC 60364-4-41:2001, Electrical installations of buildings – Part 4-41: Protection for safety – 
Protection against electric shock 

IEC 60364-4-42:2001, Electrical installations of buildings – Part 4-42: Protection for safety – 
Protection against thermal effects  

IEC 60364-5-53:2001, Electrical installations of buildings – Part 5-53: Selection and erection of 
electrical equipment – Isolation, switching and control 

IEC 60364-5-54, Electrical installations of buildings − Part 5-54: Selection and erection of 
electrical equipment – Earthing arrangements and protective conductors and equipotential 
bonding 1) 

IEC 60364-5-548:1996, Electrical installations of buildings – Part 5: Selection and erection of 
electrical equipment – Section 548: Earthing arrangements and equipotential bonding for 
information technology installations 

IEC 60479-1:1994, Effects of current on human beings and livestock – Part 1: General aspects 

________ 
1)  To be published. 
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IEC 60664-1:1992, Insulation co-ordination for equipment within low-voltage systems – Part 1: 
Principles, requirements and tests 

IEC 60742:1983, Isolating transformers and safety isolating transformers − Requirements 

IEC 61000-2-5:1995, Electromagnetic compatibility (EMC) − Part 2: Environment − Section 5: 
Classification of electromagnetic environments. Basic EMC publication 

IEC 61024-1:1990, Protection of structures against lightning – Part 1: General principles 

IEC 61312-1:1995, Protection against lightning electromagnetic impulse − Part 1: General 
principles 

IEC 61643 (all parts), Surge protective devices connected to low-voltage power distribution 
systems  

IEC 61662:1995, Assessment of the risk of damage due to lightning  
Amendment 1 (1996)  

441  (Number available) 

NOTE   This has been introduced to enable the later text to retain the original number. 

442 Protection of low-voltage installations against temporary overvoltages 
and faults between high-voltage systems and earth 

442.1   General requirements 

NOTE   The following clauses consider only four situations which generally cause the most severe temporary 
overvoltages such as defined in IEV 60050(604), definition 604-03-12: 
• fault between the high-voltage system(s) and earth. The corresponding subclauses should be read in 

conjunction with annex A; 
• loss of the neutral in a low-voltage TN and TT system (see 442.6); 
• accidental earthing of a low-voltage IT system (see 442.7); 
• short-circuit in the low-voltage installation (see 442.8). 

442.1.2   Fault-voltage 

The magnitude and the duration of the fault-voltage or the touch voltage due to an earth-fault in 
the high-voltage system shall not exceed the values given by curve F and T respectively of 
figure 44A. 

442.1.3   Stress-voltage 

The magnitude and the duration of the power-frequency stress voltage of the LV equipment in 
the consumer's installation due to an earth fault in the high voltage system shall not exceed the 
values of table 44A.  

NOTE 1   The power-frequency stress voltage is the voltage which appears across the insulation. 

NOTE 2   A higher stress voltage is permitted for the low-voltage equipment of the sub-station if the insulation level 
of the equipment is compatible and under the conditions of 442.3.  
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Table 44A – Permissible stress voltage 

Permissible a.c. stress voltage on equipment in low-voltage installations 

V 

Disconnecting time 

s 

U0 + 250 V 

U0 + 1 200 V 

>5 

≤5 

NOTE 1   In particular cases (e.g. line conductor earthed), where the (highest) nominal voltage of the low-
voltage system to earth is not U0, this voltage shall be specified. 

NOTE 2   The first line of the table relates to systems having long disconnection times, for example inductively 
earthed high-voltage system. The second line relates to systems having short disconnection times, for example 
solidly earthed high-voltage systems. Both lines together are relevant design criteria for insulation of low-
voltage equipment with regard to temporary overvoltage (see 1.3.7.1 of IEC 60664-1). 

NOTE 3   Such temporary a.c. overvoltage is also to be expected in basic, double and reinforced insulation of 
low-voltage equipment used outside the main equipotential bonding and connected to a TN system (whose 
neutral conductor is earthed in the transformer substation through the protective earth electrode of the high-
voltage system). It is not necessary to expect such overvoltage within the area of main equipotential bonding 
which is connected to the protective conductor of a TN system at the origin of the installation of the building. 

 
442.2   Earthing systems in transformer sub-stations 

At the transformer sub-station, there shall be one earthing system to which shall be connected 

• earth electrodes, 
• the transformer tank, 
• metallic coverings of high-voltage cables, 
• metallic coverings of low-voltages cables except where the neutral conductor is earthed via 

a separate earth electrode, 
• earth wires of high-voltage systems, 
• the exposed-conductive-parts of high-voltage and low-voltage equipment, 
• extraneous-conductive-parts. 

442.3   Earthing arrangements in transformer sub-stations 

The conditions enumerated under 442.4 and 442.5 are deemed to be complied with if one or 
both of the conditions stated in 442.3.1 or the condition in 442.3.2 is met. Where none of the 
conditions of 442.3.1 or 442.3.2 is met, the requirements of 442.4 and 442.5 shall be applied. 

442.3.1 The transformer sub-stations shall be connected to cables with suitable earthed 
metallic coverings, whether high-voltage cables, low-voltage cables or a combination of both 
high- and low-voltage cables. 

The total length of these cables shall exceed 1 km. 

442.3.2 The earthing resistance of the exposed-conductive-parts of the transformer sub-
station does not exceed 1 Ω. 
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442.4 Earthing arrangements with regard to type of earthing systems  
in LV installations 

442.4.1    Symbols 

In the following subclauses, the symbols are 

Im that part of the earth fault current in the high-voltage system that flows through the earth 
electrode of the exposed-conductive-parts of the transformer sub-station. 

R is the resistance of the earth electrode of the exposed-conductive-parts of the transformer 
sub-station. 

U0 is the line-to-neutral voltage of the low-voltage system. 
U is the line-to-line voltage of the low-voltage system. 
Uf is the fault-voltage in the LV system between exposed-conductive-parts and earth.  
U1 is the stress-voltage in the LV equipment of the transformer sub-station. 
U2 is the stress-voltage in the LV equipment of the consumer's system. 

442.4.2 TN systems 
a) When the fault-voltage R × Im is disconnected within a time given in figure 44A, the neutral 

conductor of the LV system may be connected to the earthing electrode of the exposed-
conductive-parts of the transformer sub-station (see TN-a in figure 44B). 

 NOTE   If the exposed-conductive-parts of the low-voltage equipment of the consumer’s installation within the 
building are connected to the main equipotential bonding by a protective conductor, the touch voltage will be 
effectively zero. 

b) If the condition under a) is not fulfilled, the neutral conductor of the LV system shall be 
earthed via an electrically independent earth electrode (see TN-b in figure 44B). In this 
case, the conditions of 442.5.1 apply. 

442.4.3 systems 
a) When the relation between the stress-voltage (R × Im + U0) and the disconnecting time 

given in table 44A is complied with for the LV equipment of the consumer's installation, the 
neutral conductor of the LV system may be connected to the earthing electrode of the 
exposed-conductive-parts of the transformer sub-station (see TT-a in figure 44C). 

b) If the condition under a) is not fulfilled, the neutral conductor of the LV system shall be 
earthed via an electrically independent earth electrode (see TT-b in figure 44C). In this 
case, the conditions of 442.5.1 apply. 
If the exposed-conductive-parts of the low-voltage equipment of the consumer’s installation 
within the building are connected to the main equipotential bonding by a protective 
conductor, the touch voltage will be effectively zero. 

442.4.4 IT-systems 
a) When the fault-voltage R × Im is disconnected within a time given in figure 44A, the 

exposed-conductive-parts of the LV equipment of the consumer's installation may be 
connected to the earthing electrode of the exposed-conductive-parts of the sub-station (see 
figures 44D, 44J and 44K). 

 If this condition is not fulfilled, the exposed-conductive-parts of the LV equipment of the LV 
installation shall be connected to an earthing system electrically independent from 
the earthing electrode of the exposed-conductive-parts of the sub-station (see figures 44E 
to 44H). 
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b) When the exposed-conductive-parts of the LV equipment in the consumer's installation are 
earthed via an earth electrode electrically independent of the earth electrode of the 
transformer sub-station, and when the relation between the stress-voltage (R × Im + U) and 
the disconnecting time given in table 44A is complied with for the LV equipment of the 
consumer's installation, the neutral impedance of the LV system, if any, may be connected 
to the earth electrode of the exposed-conductive-parts of the transformer sub-station (see 
figure 44E). 

 If this condition is not fulfilled, the neutral impedance shall be earthed via an electrically 
independent earth electrode (see figures 44F and 44H). In this case, the conditions 
of 442.5.2 apply. 

442.5   Limitation of stress-voltage in LV equipment of transformer sub-stations 

442.5.1    TN and TT systems 

When in TN and TT systems the neutral conductor is earthed via an earth electrode electrically 
independent of the earth electrode of the exposed-conductive-parts of the transformer 
substation (see figures TN – b in figure 44B and TT – b in figure 44C), the stress-voltage 
(R × Im + U0) shall be disconnected in time compatible with the insulation level of the LV 
equipment of the transformer sub-station. 

NOTE   The insulation level of the LV equipment of the transformer sub-station may be higher than the value given 
in table 44A. 

442.5.2 IT systems 

When in IT systems both the exposed-conductive-parts of the consumer's installation and the 
neutral impedance, if any, are earthed via earth electrodes electrically independent of the earth 
electrode of the transformer sub-station (see figures 44F, 44G and 44H), the stress-voltage 
(R × Im + U) shall be disconnected in a time compatible with the insulation level of the LV 
equipment of the transformer sub-station. 

442.6   Stress voltage in case of loss of the neutral conductor in a TN and TT system 

Consideration shall be given to the fact that, if the neutral conductor in a three-phase TN or TT 
system is interrupted, basic, double and reinforced insulation as well as components rated 
for the voltage between line and neutral conductors can be temporarily stressed with the line-
to-line voltage. The stress voltage can reach up to U = 3  U0. 

442.7 Stress voltage in case of accidental earthing of an IT system 

Consideration shall be given to the fact that, if a line conductor of an IT system is earthed 
accidentally, basic, double and reinforced insulation rated for the voltage between line and 
neutral conductors as well as components can be temporarily stressed with the line-to-line 
voltage. The stress voltage can reach up to U = 3  U0. 

442.8  Stress voltage in case of a short-circuit between a line conductor  
and the neutral conductor 

Consideration shall be given to the case of a short-circuit between a phase conductor and the 
neutral conductor where the stress can reach the value of 1,45 U0 for a time up to 5 s.  
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