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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on Circuit Breaker and Similar Equipment for Household Use under the
authority of the Industry Standards Committee on Generation, Transmission and Distribution
of Energy.

This Malaysian Standard is the first revision of MS IEC 61643-12, Low-voltage surge
protective devices - Part 12: Surge protective devices connected to low-voltage power
distribution systems - Selection and application principles.

This Malaysian Standard is identical with IEC 61643-12:2008, Low-voltage surge protective
devices - Part 12: Surge protective devices connected to low-voltage power distribution
systems - Selection and application principles, published by the International Electrotechnical
Commission (IEC). However, for the purposes of this Malaysian Standard, the following apply:

a) in the source text, "this International Standard" should read "this Malaysian Standard";

b) the comma which is used as a decimal sign (if any), to read as a point;

C) the basis IEC 61643-12 is printed in English and French languages. However, only the
English version applied for this Malaysian Standard; and

d) reference to International Standards should be replaced by corresponding Malaysian

Standards as follows:

Referenced International Standards

IEC 60364 (all parts), Low-voltage electrical
installations

IEC 60364-4-41, Low-voltage electrical
installations - Part 4-41: Protection for
safety- Protection against electric shock

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

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

IEC 60529, Degrees of protection provided
by enclosures (IP Code)

IEC 61000-4-5, Electromagnetic
compatibility (EMC) - Part 4-5: Testing and
measurement techniques - Surge immunity
test
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Corresponding Malaysian Standards

MS IEC 60364 (all
electrical installations

parts), Low-voltage

MS |IEC 60364-4-41, Low-voltage electrical
installations - Part 4-41: Protection for safety-
Protection against electric shock

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

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

MS IEC 60529, Degrees of protection
provided by enclosures (IP Code)

MS IEC 61000-4-5, Electromagnetic
compatibility (EMC) - Part 4-5: Testing and
measurement techniques - Surge immunity
test
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NATIONAL FOREWORD (continued)

Referenced International Standards

IEC 61008-1, Residual current operated
circuit-breakers without integral overcurrent
protection for household and similar uses
(RCCBs) - Part 1: General rules

IEC 61009-1, Residual current operated
circuit-breakers with integral overcurrent
protection for household and similar uses
(RCBOs) - Part 1: General rules

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

IEC 62305-2, Protection against lightning -
Part 2: Risk management

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

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

IEC 61643-1 Low-voltage surge protective
devices - Part 1: Surge protective devices
connected to low-voltage power distribution
systems - Requirements and tests

Corresponding Malaysian Standards

MS IEC 61008-1, Residual current operated
circuit-breakers without integral overcurrent
protection for household and similar uses
(RCCBs) - Part 1: General rules

MS IEC 61009-1, Residual current operated
circuit-breakers with integral overcurrent
protection for household and similar uses
(RCBOs) - Part 1: General rules

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

MS IEC 62305-2, Protection against lightning
- Part 2: Risk management

MS IEC 62305-3, Protection against lightning
- Part 3: Physical damages to structures and
life hazard

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

MS |IEC 61643-1 Low-voltage surge
protective devices - Part 1: Surge protective
devices connected to low-voltage power
distribution systems - Requirements and
tests

This Malaysian Standard cancels and replaces MS IEC 61643-12:2004.

Compliance with a Malaysian Standard does not of itself confer immunity from legal

obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International
Standard or is identical in technical content and structure although it may contain the minimal editorial changes

specified in clause 4.2 of ISO/IEC Guide 21-1.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SURGE PROTECTIVE DEVICES -

Part 12: Surge protective devices connected
to low-voltage power distribution systems —
Selection and application principles

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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 61643-12 has been prepared by subcommittee 37A: Low-voltage
surge protective devices, of IEC technical committee 37: Surge arresters.

This second edition of IEC 61643-12 cancels and replaces the first edition published in 2002.
It constitutes a technical revision. Specific change with respect to the previous edition is the
incorporation of Amendment 1, which was not published separately due to the number of
changes and pages.

This standard shall be used in conjunction with IEC 61643-1:2005, Low-voltage surge
protective devices — Part 1: Surge protective devices connected to low-voltage power
distribution systems — Requirements and tests.
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The text of this standard is based on the following documents:

FDIS Report on voting
37A/209/FDIS 37A/212/RVD

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

IEC TC 37, SC 37A and SC 37B have adopted a new numbering scheme for all IEC
publications developed within these committees.

In this standard, the IEC 61643 series of publications covers all the publications from SC 37A
and SC 37B according to the table below with the common general title Low-voltage surge
protective devices.

Publication Title Present
document
IEC 61643 Low-voltage surge protective devices -
IEC 61643-11 Low-voltage surge protective devices — Part 11: Surge protective devices IEC 61643-1
connected to low-voltage power distribution systems — Performance
requirements and testing methods
IEC 61643-12 Low-voltage surge protective devices — Part 12: Surge protective devices IEC 61643-12
connected to low-voltage power distribution systems — Selection and
application principles
IEC 61643-21 Low-voltage surge protective devices — Part 21: Surge protective devices IEC 61643-21
connected to telecommunications and signalling networks — Performance
requirements and testing methods
IEC 61643-22 Low-voltage surge protective devices — Part 22: Surge protective devices IEC 61643-22
connected to telecommunications and signalling networks — Selection and
application principles
IEC 61643-301 Low-voltage surge protective devices — Part 301: Components for surge
protective devices — General test specifications
IEC 61643-302 Low-voltage surge protective devices — Part 302: Components for surge
protective devices — General performance specifications
IEC 61643-303 Low-voltage surge protective devices — Part 303: Components for surge
protective devices — General selection and application principles
IEC 61643-311 Low-voltage surge protective devices — Part 311: Components for surge IEC 61643-311
protective devices — Test specification for gas discharge tubes (GDTs)
IEC 61643-312 Low-voltage surge protective devices — Part 312: Components for surge
protective devices —Performance specification for gas discharge tubes (GDTs)
IEC 61643-313 Low-voltage surge protective devices — Part 313: Components for surge
protective devices — Selection and applications principles for gas discharge
tubes (GDTs)
IEC 61643-321 Low-voltage surge protective devices — Part 321: Components for surge IEC 61643-321
protective devices — Test specification for avalanche breakdown diodes
(ABDs)
IEC 61643-322 Low-voltage surge protective devices — Part 322: Components for surge
protective devices — Performance specification for avalanche breakdown
diodes (ABDs)
IEC 61643-323 Low-voltage surge protective devices — Part 323: Components for surge
protective devices — Selection and applications principles for avalanche
breakdown diodes (ABDs)
IEC 61643-331 Low-voltage surge protective devices — Part 331: Components for surge IEC 61643-331
protective devices — Test specification for metal oxide varistors (MOVs)
IEC 61643-332 Low-voltage surge protective devices — Part 332: Components for surge
protective devices — Performance specification for metal oxide varistors
(MOVs)
IEC 61643-333 Low-voltage surge protective devices — Part 333: Components for surge
protective devices — Selection and application principles for metal oxide
varistors (MOVs)
IEC 61643-341 Low-voltage surge protective devices — Part 341: Components for surge IEC 61643-341
protective devices — Test specification for thyristor surge suppressors (TSSs)
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IEC 61643-342 Low-voltage surge protective devices — Part 342: Components for surge
protective devices — Performance specification for thyristor surge
suppressors (TSSs)

IEC 61643-343 Low-voltage surge protective devices — Part 343: Components for surge
protective devices — Selection and application principles for thyristor surge
suppressors (TSSs)

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

* reconfirmed,

+ withdrawn,

* replaced by a revised edition, or
+ amended.
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0 Introduction

0.1 General

Surge protective devices (SPDs) are used to protect, under specified conditions, electrical
systems and equipment against various overvoltages and impulse currents, such as lightning
and switching surges.

SPDs shall be selected according to their environmental conditions and the acceptable failure
rate of the equipment and the SPDs.

This standard provides information to the user about characteristics useful for the selection of
an SPD.

This standard provides information to evaluate, with reference to IEC 62305, Parts 1 to 4 and
IEC 60364 series, the need for using SPDs in low-voltage systems. It provides information on
selection and co-ordination of SPDs, while taking into account the entire environment in which
they are applied. Examples include: equipment to be protected and system characteristics,
insulation levels, overvoltages, method of installation, location of SPDs, coordination of SPDs,
failure mode of SPDs and equipment failure consequences.

It also provides guidance for performing a risk analysis.

Guidance on requirements for product insulation coordination is provided by IEC 60664
series. Requirements for safety (fire, overcurrent and electric shock) and installation are
provided by IEC 60364 series.

The IEC 60364 series of standards provide direct information for contractors on the
installation of SPDs. IEC/TR 62066 gives more information on the scientific background of
surge protection.

0.2 Keys to understanding the structure of this standard

The list below summarizes the structure of this standard and provides a summary of the
information covered in each clause and annex. The main clauses provide basic information on
the factors used for SPD selection. Readers who wish to obtain more detail on the information
provided in Clauses 4 to 7 should refer to the relevant annexes.

Clause 1 describes the scope of this standard.
Clause 2 lists the normative references where additional information may be found.
Clause 3 provides definitions useful for the comprehension of this standard.

Clause 4 addresses the parameters of systems and equipment relevant to SPDs. In addition
to the stresses created by lightning, those created by the network itself, namely temporary
overvoltages and switching surges, are described.

Clause 5 lists the electrical parameters used in the selection of an SPD and gives some
explanation regarding these parameters. These are related to the data given in IEC 61643-1.

Clause 6 is the core of this standard. It relates the stresses coming from the network (as
discussed in Clause 4) to the characteristics of the SPD (as discussed in Clause 5). It outlines
how the protection given by SPDs may be affected by its installation. The different steps for
the selection of an SPD are presented including the problems of coordination when more than
one SPD is used in an installation (details about coordination may be found in Annex F).
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Clause 7 is an introduction to the risk analysis (considerations of when the use of SPDs is
beneficial).

Clause 8 deals with coordination between signalling and power lines (under consideration).

Annex A deals with information needed for tenders and explains testing procedures used in
IEC 61643-1.

Annex B provides examples of the relationship between two important parameters of SPDs,
Uc and Up, in the specific case of ZnO varistors and also examples of the relationship
between U; and the nominal voltage of the network.

Annex C supplements the information given in Clause 4 on surge voltages in low-voltage
systems.

Annex D deals with the calculation of the sharing of lightning current between different
earthing systems.

Annex E deals with calculation of temporary overvoltages due to faults in the high-voltage
system.

Annex F supplements the information given in Clause 6 on coordination rules when more than
one SPD is used in a system.

Annex G provides specific examples on the use of this standard.

Annex H provides specific examples of the use of the risk analysis.

Annex | supplements the information given in Clause 4 about system stresses.

Annex J supplements the information given in Clause 5 on criteria for selection of SPDs.

Annex K supplements the information given in Clause 6 on the application of SPDs in various
low-voltage systems.

Annex L supplements the information given in Clause 7 on the parameters used in risk
analysis.

Annex M discusses differences between immunity level and insulation withstand of electrical
equipment

Annex N provides practical examples of SPD installation as used in some countries

Annex O discusses problems of coordination with equipment having both signalling and power
terminals

Annex P provides information on withstand of fuses in surge conditions
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LOW-VOLTAGE SURGE PROTECTIVE DEVICES -

Part 12: Surge protective devices connected
to low-voltage power distribution systems —
Selection and application principles

1 Scope

This part of IEC 61643 describes the principles for selection, operation, location and
coordination of SPDs to be connected to 50 Hz to 60 Hz a.c. and to d.c. power circuits and
equipment rated up to 1 000 V r.m.s. or 1 500 V d.c.

NOTE 1 Additional requirements may be necessary for special applications such as electrical traction, etc.
NOTE 2 It should be remembered that IEC 60364 series and IEC 62305-4 are also applicable.

NOTE 3 This standard deals only with SPDs and not with SPDs components integrated inside equipment.
2 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 60060-1, Lamp caps and holders together with gauges for the control of interchangeability
and safety — Part 1: Lamp cap

IEC 60364 (all parts), Low-voltage electrical installations

IEC 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety — Protection
against electric shock

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

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

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61008-1, Residual current operated circuit-breakers without integral overcurrent
protection for household and similar uses (RCCBs) — Part 1: General rules

IEC 61009-1, Residual current operated circuit-breakers with integral overcurrent protection
for household and similar uses (RCBOs) — Part 1: General rules

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

IEC 62305-2, Protection against lightning — Part 2: Risk management
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IEC 62305-3, Protection against lightning — Part 3: Physical damages to structures and life
hazard

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

IEC 61643-1 Low-voltage surge protective devices — Part 1: Surge protective devices
connected to low-voltage power distribution systems — Requirements and tests

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

NOTE These terms and definitions are for the most part reproduced from IEC 61643-1 (the definition number
being indicated within square brackets). Where necessary a note has been added for better understanding
regarding application of SPDs.

3.11

surge protective device

SPD

device that is intended to limit transient overvoltages and divert surge currents. It contains at
least one non-linear component

[definition 3.1 of IEC 61643-1]

3.1.2

continuous operating current

Ie

current flowing through each mode of protection of the SPD when energized at the maximum
continuous operating voltage (U.) for each mode

3.1.3

maximum continuous operating voltage

Uc

maximum r.m.s. or d.c. voltage which may be continuously applied to the SPD's mode of
protection. This is equal to the rated voltage

[definition 3.11 of IEC 61643-1]

314
voltage protection level
U

p
parameter that characterizes the performance of the SPD in limiting the voltage across its
terminals, which is selected from a list of preferred values. This value is greater than the
highest value of the measured limiting voltages

[definition 3.15 of IEC 61643-1]

3.1.5

measured limiting voltage

maximum magnitude of voltage that is measured across the terminals of the SPD during the
application of impulses of specified waveshape and amplitude

[definition 3.16 of IEC 61643-1]
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3.1.6

residual voltage

Ures

peak value of voltage that appears between the terminals of an SPD due to the passage of
discharge current

[definition 3.17 of IEC 61643-1]

3.1.7

temporary overvoltage test value of the SPD

Ur

test voltage applied to the SPD for a specific duration to simulate the stress under TOV
conditions

NOTE 1 Adapted from 3.18 of IEC 61643-1 by adding the following Note 2.

NOTE 2 It is a characteristic declared by the manufacturer that gives information about the behaviour of the SPD
when stressed with voltages UT above Ug for a given specific duration ¢r (this behaviour may either be no change
in the performance after application of the temporary overvoltage or a defined failure without hazard for either
personnel, equipment or facility)

3.1.8

temporary overvoltage value of the power system

Utov

power frequency overvoltage occurring on the network at a given location, of relatively long
duration. TOVs may be caused by faults inside the LV system (Utoy(Lv)) or inside the HV system

(Utov(Hv))

NOTE Temporary overvoltages, typically lasting up to several seconds, usually originate from switching
operations or faults (for example, sudden load shedding, single-phase faults, etc.) and/or from non-linearity
(ferroresonance effects, harmonics, etc.)

3.1.9

nominal discharge current

In

crest value of the current through the SPD having a current waveshape of 8/20. This is used
for the classification of the SPD for class Il test and also for preconditioning of the SPD
for class | and Il tests

[definition 3.8 of IEC 61643-1]

3.1.10

impulse current

Iimp

it is defined by three parameters, a current peak value Ipeak, a charge O and a specific
energy W/R. Tested according to the test sequence of the operating duty test. This is used for
the classification of the SPD for class | test

[definition 3.9 of IEC 61643-1]

3.1.11

combination wave

delivered by a generator that applies a 1,2/50 voltage impulse across an open circuit and an
8/20 current impulse into a short circuit. The voltage, current amplitude and waveforms that
are delivered to the SPD are determined by the generator and the impedance of the SPD to
which the surge is applied. The ratio of peak open-circuit voltage to peak short-circuit current
is 2 Q, this is defined as the fictive impedance Z;. The short-circuit current is symbolized by
Isc- The open-circuit voltage is symbolized by Ug¢

[definition 3.24 of IEC 61643-1]
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3.1.12
8/20 current impulse
current impulse with a virtual front time of 8 us and a time to half-value of 20 us where

— the front time is defined according to IEC 60060-1 to be 1,25 x (tgq - t1g), where tgg and tq,
are the 90 % and 10 % points on the leading edge of the waveform;

— the time to half-value is defined as the time between the virtual origin and the 50 % point
on the tail. The virtual origin is the point where a straight line, drawn through the 10 % and
90 % points on the leading edge of the waveform, intersects the | = 0 line.

[definition 3.23 of IEC 61643-1]

3.1.13
1,2/50 voltage impulse
voltage impulse with a virtual front time of 1,2 us and a time to half-value of 50 us where

— the front time is defined according to IEC 60060-1 to be 1,67 x (tyq - t3g), Where tgy and
t3g are the 90 % and 30 % points on the leading edge of the waveform;

— the time to half-value is defined as the time between the virtual origin and the 50 % point
on the tail. The virtual origin is the point where a straight line, drawn through the 30 % and
90 % points on the leading edge of the waveform, intersects the U = 0 line.

[definition 3.22 of IEC 61643-1]

3.1.14

thermal runaway

operational condition when the sustained power dissipation of an SPD exceeds the thermal
dissipation capability of the housing and connections, leading to a cumulative increase in the
temperature of the internal elements culminating in failure

[definition 3.25 of IEC 61643-1]

3.1.15

thermal stability

an SPD is thermally stable if after the operating duty test causing temperature rise, the
temperature of the SPD decreases with time when the SPD is energized at specified
maximum continuous operating voltage and at specified ambient temperature conditions

[definition 3.26 of IEC 61643-1]

3.1.16
SPD disconnector
device (internal and/or external) required for disconnecting an SPD from the power system

NOTE This disconnecting device is not required to have isolating capability. It is to prevent a persistent fault on
the system and is used to give indication of the SPD failure.

There may be more than one disconnector function for example, an over-current protection function and a thermal
protection function. These functions may be integrated into one unit or performed in separate units.

[definition 3.29 of IEC 61643-1]

3.1.17

type tests

tests which are made upon the completion of the development of a new SPD design. They are
used to establish representative performance and to demonstrate compliance with the
relevant standard. Once made, these tests need not be repeated unless the design is
changed so as to modify its performance. In such a case, only the relevant tests need be
repeated

[definition 3.31 of IEC 61643-1]
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3.1.18

routine tests

tests made on each SPD or on parts and materials as required to ensure that the product
meets the design specifications

[definition 3.32 of IEC 61643-1]

3.1.19

acceptance tests

tests which are made when it has been agreed between the manufacturer and the purchaser
that the SPD or representative samples of an order are to be tested

[definition 3.33 of IEC 61643-1]

3.1.20

degrees of protection provided by enclosure (IP code)

extent of protection provided by an enclosure against access to hazardous parts, against
ingress of solid foreign objects and/or against ingress of water (see IEC 60529)

[definition 3.30 of IEC 61643-1]

3.1.21
voltage drop (in per cent)

AU = [(Uin = Uout) ! Uin 1 x 100 %

where Ui, is the input voltage and Uy is the output voltage measured simultaneously with a
full rated resistive load connected. This parameter is only used for two-port SPDs

[definition 3.20 of IEC 61643-1]

3.1.22

insertion loss

at a given frequency, the insertion loss of an SPD connected into a given power system is
defined as the ratio of voltages appearing across the mains immediately beyond the point of
insertion before and after the insertion of the SPD under test. This result is expressed in
decibels (dB)

NOTE Requirements and tests are under consideration.

[definition 3.21 of IEC 61643-1]

3.1.23

load-side surge withstand capability for a two-port SPD

ability of a two-port SPD to withstand surges on the output terminals originated in loads
downstream of the SPD

[definition 3.19 of IEC 61643-1]

3.1.24
short-circuit withstand
maximum prospective short-circuit current that the SPD is able to withstand

NOTE 1 Adapted from 3.28 of IEC 61643-1 by adding the following Note 2.

NOTE 2 This definition refers both to d.c. and a.c. 50/60 Hz. Two short-circuit withstand values may be defined
for two-port SPDs or one-port SPDs having separated input and output terminals: one corresponding to an internal
short circuit (by-passing the internal active part) and another one corresponding to an external short circuit (load-
side short-circuit) directly at the output terminals (case of a failure at the load).
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3.1.25

one-port SPD

SPD connected in shunt with the circuit to be protected. A one-port device may have separate
input and output terminals without a specified series impedance between these terminals

NOTE 1 Adapted from 3.2 of IEC 61643-1 by adding the following Note 2.

NOTE 2 Figure 1 shows some typical one-port SPDs and the generic drawing for a one-port SPD (Figure 1c).
A one-port SPD may be connected in shunt, Figure 1a, or in line with the power supply, Figure 1b. In the first case,
the load current is not flowing through the SPD. In the second case, the load current is flowing through the SPD
and the temperature rise under load current and the associated maximum admissible load current may be
determined as for a two-port SPD. Figure 3b to 3d show the response of various types of one-port SPD to an 8/20
impulse applied via a combination wave generator.

3.1.26

two-port SPD

SPD with two sets of terminals, input and output. A specific series impedance is inserted
between these terminals

NOTE 1 Adapted from 3.3 of IEC 61643-1 by adding the following Note 2.

NOTE 2 The measured limiting voltage may be higher at the input terminals than at the output terminals.
Therefore, equipment to be protected is to be connected to the output terminals. Figure 2 shows typical two-port
SPDs. Figure 3e and Figure 3f show the response of a two-port SPD to an 8/20 impulse applied via a combination
wave generator.

3.1.27

voltage switching type SPD

SPD that has a high impedance when no surge is present, but can have a sudden change in
impedance to a low value in response to a voltage surge

NOTE 1 Common examples of components used as voltage-switching devices are spark-gaps, gas discharge
tubes (GDT), thyristors (silicon-controlled rectifiers) and triacs. These SPDs are sometimes called "crowbar type"

NOTE 2 Adapted from 3.4 of IEC 61643-1 by adding the following Note 3.

NOTE 3 A voltage-switching device has a discontinuous U versus [ characteristic. Figure 3c shows the response
of a typical voltage switching SPD to an impulse applied via a combination wave generator.
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a One-port SPDs

b One-port SPD with separate input and output terminals

¢ Generic symbol for a one-port SPD

Figure 1 — Examples of one-port SPDs
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a Three-terminal two-port SPD

b Four-terminal two-port SPD

¢ Generic symbol for a two-port SPD

Z Series impedance between input and output terminals

Figure 2 — Examples of two-port SPDs
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Key

a Applied current waveform

b Response of voltage limiting type SPD

¢ Response of voltage switching type SPD

d Response of one-port combination type SPD

e Response of two-port combination type SPD

f Response of two-port voltage limiting type SPD with filtering

NOTE The voltage levels are only representative and not an indication of actual values. U in the right part of the
figure means the output voltage of the SPDs where U in the left part is the symbol for varistor

Figure 3 — Output voltage response of one-port and two-port SPDs
to a combination wave impulse

3.1.28

voltage limiting type SPD

SPD that has a high impedance when no surge is present, but will reduce it continuously with
increased surge current and voltage

NOTE 1 Common examples of components used as non-linear devices are: varistors and suppressor diodes.
These SPDs are sometimes called "clamping type".

NOTE 2 Adapted from 3.5 of IEC 61643-1 by adding the following Note 3.

NOTE 3 A voltage-limiting device has a continuous U versus [ characteristic. Figure 3b shows the response of a
typical voltage-limiting SPD to an impulse applied via a combination wave generator.

3.1.29

combination type SPD

SPD that incorporates both voltage switching type components and voltage limiting type
components may exhibit voltage-switching, voltage-limiting, or both voltage-switching and
voltage-limiting behaviour depending upon the characteristics of the applied voltage

NOTE 1 Adapted from 3.6 of IEC 61643-1 by adding the following Note 2.

NOTE 2 Figure 3d and Figure 3e show the response of various typical combination type SPDs to a combination
wave impulse.

3.1.30

modes of protection

SPD protective components may be connected line to line or line to earth or line to neutral or
neutral to earth and combination thereof. These paths are referred to as modes of protection

[definition 3.7 of IEC 61643-1]

3.1.31

follow current

(Z5)

current supplied by the electrical power system and flowing through the SPD after a discharge
current impulse. The follow current is significantly different from the continuous operating
current (1)

[definition 3.13 of IEC 61643-1]

3.1.32
maximum discharge current for class Il test

(Imax)
crest value of a current through the SPD having an 8/20 waveshape and magnitude according

to the test sequence of the class Il operating duty test. Iax is greater than I,
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[definition 3.10 of IEC 61643-1]

3.1.33

degradation

change of original performance parameters as a result of exposure of the SPD to surge,
service or unfavourable environment

NOTE 1 Adapted from 3.27 of IEC 61643-1 by adding the following Note 2.

NOTE 2 Degradation is a measure of the ability of an SPD to withstand the conditions for which it is designed
throughout its service life. Two type tests are applied to provide confidence with respect to degradation. The first
one is the operating duty test and the second is the ageing test. However, these two tests may be combined.

The operating duty test is conducted by applying a specified number of defined current waveshapes to the SPD.
Permitted changes in the SPD characteristics are given in IEC 61643-1.

The ageing test is carried out at a specified temperature with a voltage of specified magnitude and duration applied
to the SPD. Permitted changes in the SPD characteristics are given in this standard (this test is under
consideration).

This can be used to determine the SPD prospective installed life, which should also consider the following:

— replacement policy;

location and accessibility;

— acceptable failure rate;

operating practices.

3.1.34

residual current device

RCD

mechanical switching device or association of devices intended to cause the opening of the
contacts when the residual or unbalanced current attains a given value under specified
conditions

[definition 3.37 of IEC 61643-1]

3.1.35

nominal voltage of the system

voltage by which a system or equipment is designated and to which certain operating
characteristics are referred (for example, 230/400 V)

NOTE 1 Under normal system conditions, the voltage at the supply terminals may differ from the nominal voltage
as determined by the tolerances of the supply systems. In this standard a tolerance of £10 % is used

NOTE 2 The nominal voltage of the system phase to earth is called Un (see IEC 60038).
NOTE 3 The line-to-neutral voltage of the system is called Uj.

NOTE 4 The line-to-line voltage of the system is called U.
3.1.36

Impulse test classification

3.1.36.1

class | test

test carried out with the nominal discharge current (/,) defined in 3.1.9, the 1,2/50 voltage
impulse defined in 3.1.13, and the maximum impulse current (/imp) for class | test defined in
3.1.10
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3.1.36.2

class Il test
test carried out with the nominal discharge current (/,,) defined in 3.1.9, the 1,2/50 voltage impulse
defined in 3.1.13, and the maximum discharge current (I,5x) for class Il test defined in 3.1.32

3.1.36.3

class lll test
tests carried out with the combination wave (1,2/50, 8/20) defined in 3.1.11

NOTE Adapted from 3.35 of IEC 61643-1.

3.1.37
rated load current

(L)
maximum continuous rated r.m.s. or d.c. current that can be supplied to a load connected to
the protected output of an SPD

NOTE 1 Adapted from 3.14 of IEC 61643-1 by adding the following Note 2.

NOTE 2 This is only relevant to SPD(s) having separate input and output terminals.

3.1.38

overcurrent protection

overcurrent device (e.g. circuit breaker or fuse), which could be part of the electrical
installation located externally up-stream of the SPD

[definition 3.36 of IEC 61643-1]

3.1.39
maximum continuous operating voltage of the power system at the SPD location

(Ucs)
maximum r.m.s. or d.c. voltage to which the SPD may be permanently subjected at the point
of application of the SPD

NOTE 1 This takes into account only voltage regulation and/or voltage drop or increase. It is also called actual
maximum system voltage (see Figure 6) and is directly linked to Ug.

NOTE 2 This voltage does not take into account harmonics, faults, TOVs or transient conditions.

3.1.40
sparkover voltage of a voltage-switching SPD
maximum voltage value before disruptive discharge between the electrodes of the gap of a SPD

NOTE 1 Adapted from 3.38 of IEC 61643-1 by adding the following Note 2.

NOTE 2 A voltage-switching SPD may be based on components other than gaps (for example, silicon-based
components).

3.1.41

lightning protection system

LPS

complete system used to protect a structure and its contents against the effects of lightning

3.1.42

multiservice SPD

surge protective device providing protection for two or more services such as power,
telecommunication and signalling in a single enclosure in which a reference bond is provided
between services during surge conditions.

© STANDARDS MALAYSIA 2012 - All rights reserved



MS IEC 61643-12:2012 -25-

3.1.43
residual current

(Zre)
current flowing through the PE terminal, when the SPD is energized at the maximum
continuous operating voltage (U.) when connected according to the manufacturer instructions

[definition 3.42 of IEC 61643-1]

3.1.44

prospective short-circuit current of a power supply

(Ip)

current which would flow at a given location in a circuit if it were short-circuited at that
location by a link of negligible impedance

[definition 3.40 of IEC 61643-1]

3.1.45
follow current interrupting rating

(1)

prospective short-circuit current that an SPD is able to interrupt by itself

[definition 3.41 of IEC 61643-1]

3.1.46

Specific energy for class | test

(W/R)

energy dissipated by a unit resistance of 1 Q with the impulse discharge current Iimp

3.1.47

Rated impulse withstand voltage

(Uw)

impulse withstand voltage assigned by the manufacturer to the equipment or to a part of it,
characterizing the specified withstand capability of its insulation against overvoltages

NOTE For the purpose of this standard only withstand voltages between live conductors and earth is considered.

3.2 List of abbreviations and acronyms used in this standard

List of abbreviations
Epmax Maximum energy withstand
I Continuous operating current
I Follow current
I Follow current interrupting rating
Timp Impulse current for class | test
I Rated load current
Inax Maximum discharge current for class Il test
1, Nominal discharge current
Iy Prospective short-circuit current of a power supply
Ipeak Current peak value of impulse current
Ipg Residual current
Ise Short-circuit current of the CWG
Ng Ground flash density
Ny Keraunic level
U, Maximum continuous operating voltage
Ugs Maximum continuous operating voltage of the power system
Un Measured limiting voltage
U, Nominal voltage of the system phase to earth
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Ug Line-to-neutral voltage of the system

Uy Open-circuit voltage for class Ill test

U, Voltage protection level

Uset Reference voltage of a varistor

Ures Residual voltage

Ut Temporary overvoltage

Utov Temporary overvoltage of the power system

Utov(Hv) Temporary overvoltage of the network inside the high-voltage system
Urov(Lv) Temporary overvoltage of the network inside the low-voltage system
Uw Voltage withstand

AU Voltage drop (in %)

Z; Fictive impedance

List of acronyms

ABD Avalanche breakdown diode
dB Decibel

CWG Combination wave generator
EMC Electromagnetic compatibility
GDT Gas discharge tube

HV High voltage

IP Degrees of protection provided by the enclosure
L Inductance

LPS Lightning protection system
LPZ Lightning protection zone
LTE let-through energy

LV Low voltage

MEB Main equipotential bonding
MOV Metal oxide varistor

HVA High voltage A (medium voltage, <50 kV)
MV Medium voltage

PE Protective earth

(0] Charge (of impulse current)
RCD Residual current device

TOV Temporary overvoltage

SPD Surge protective device

W/R Specific energy

Zn0O Zinc oxide

4 Systems and equipment to be protected

When evaluating an installation with regard to the use of an SPD, two factors need to be
considered:

e the characteristics of the low-voltage power distribution system on which it will be used,
including expected types and levels of overvoltage and current;

e the characteristics of the equipment requiring protection.
4.1 Low-voltage power distribution systems

Low-voltage power distribution systems are basically characterized by the type of system
earthing (TNC, TNS, TNC-S, TT, IT) and the nominal voltage (see 3.35). Various types of
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overvoltages and currents can occur. In this standard, the overvoltages are classified into
three groups:
e lightning;
e switching;

e temporary overvoltages.
411 Lightning overvoltages and currents

In most cases lightning stress is the main factor for the selection of an SPD’s class of test and
associated current or voltage values (Iimp, /max OF Uqc, according to IEC 61643-1).

Evaluation of the waveshape and current (or voltage) amplitude of the lightning surges is
necessary for the proper selection of an SPD. It is important to determine if the voltage
protection level of the SPD will be adequate to protect the equipment in such circumstances.

For buildings with lightning protection systems, additional information on current amplitude
and waveshape can be found in IEC 62305-1

NOTE For example, areas prone to frequent lightning strikes may require an SPD suitable to withstand class | or
class Il tests.

Generally (for example, in the case of direct strike to the lines or induced surges on the lines),
higher stresses occur on the electrical installation external to the structure. Within the
structure, the stresses are decreased when moving from the installation’s entrance to internal
circuits. The decrease is due to the change of circuit configuration and impedances.

The need for protection against lightning surges depends on

e the local ground flash density Ny (average annual ground flash density, in lightning flashes
per km2 per year, concerning the region where the structure is located). Modern lightning
location systems can provide information on Ny with reasonable accuracy;

e the exposure of the electrical installation, including incoming services. Underground
systems are generally considered to be less exposed than overhead systems.

Even if the supply is provided by an underground cable, the use of an SPD may be recom-
mended to provide protection. To determine if surge protection is needed, the following are
some items that should be considered:

— the installation has a lightning protection system in its vicinity;

— the length of the cable is not sufficient to provide adequate separation (attenuation)
of the installation from the overhead part of the network;

— high surges of atmospheric origin can be expected on the overhead line supplying the
MV (medium voltage) side of the transformer connected to the installation;

— the underground cable may be affected by direct lightning in the presence of high soil
resistivity;

— the size or height of the building powered by the cable is large enough to significantly
increase the risk for direct strikes to the building. The risk for direct strikes to other
incoming (outgoing) services (telephone lines, antenna systems, etc.) that could affect
the power system and equipment;

— other overhead services are present.

When many buildings are supplied from a single supply system, those buildings which do not
have SPDs can have high stresses on their electrical systems.

For SPD installations in a structure, which is equipped with an external lightning protection
system, it is (in case of direct lightning to the structure) generally sufficient to make
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calculations using earthing d.c. resistance readings (for example, earthing of the building and
power distribution system, pipes, etc), to determine the current distribution through the SPDs.

The evaluation of the waveform and current amplitude, as function of the lightning protection
level and due to different sources of damage (i.e. direct to or close to the structure, direct to
or near the power line) are reported in Annex E of IEC 62305-1.

Annex C and Annex | give more information about lightning stress.

4.1.2 Switching overvoltages

These stresses, in terms of peak current and voltage, are usually lower than lightning
stresses but could have longer duration. However, in some cases, particularly deep inside a
structure or close to switching overvoltage sources, the switching stress can be higher than
the stresses caused by lightning. The energy related to these switching surges needs to be
known to permit the choice of appropriate SPDs. The time duration of the switching surges,
including transients due to faults and fuse operations, can be much longer than the lightning
surge duration.

In general the selection of the surge rating of an SPD is based on the stresses due to
lightning

Annex C and Annex | give more information about switching stress.

4.1.3 Temporary overvoltages Utoy
4.1.31 General

Any SPD can be exposed to a temporary overvoltage Utoy during its lifetime that exceeds the
maximum continuous operating voltage of the power system.

A temporary overvoltage has two dimensions, magnitude and time. The time duration of the
overvoltage primarily depends upon the earthing of the supply system (this includes both the
high-voltage supply system as well as the low-voltage system to which the SPD is connected).
In determining the temporary overvoltages, consideration should be given to the maximum
continuous operating voltage of the power system (Ugg).

Annex E and Annex | provide more information about temporary overvoltage.

4.1.3.2 Standardized values

IEC 60364-4-44 gives the maximum values of Utgy to be expected in low-voltage power
systems (for a more detailed calculation of these values, refer to Annex E).

Lower values are possible depending on many factors such as the location of the SPD,
the type of power system, etc.

The maximum values (see also Figure 4) given in Table 1 are at the consumer installation
for transformer location (see Table 1, Note 2).
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Table 1 — Maximum TOV values as given in IEC 60634-4-44

Occurrence of Urqy System Maximum values for Urgy(nv)
Uy + 250 V for duration >5 s
Between phase and earth TT, IT
Uy + 1200V for durationup to 5 s
250 V for duration >5 s
Between neutral and earth TT,IT

1 200 V for duration upto 5 s

The above values are extreme values related to faults in the high-voltage power systems and can be
calculated depending on the type of power systems according to Annex E.

Occurrence of Urqy System Maximum values for Uroy(Ly)

Between phase and neutral TT and TN V3 x U,

The above value is related to a loss of the neutral conductor in the low-voltage system.

Between phase and earth IT system (TT V3 x Uy
system:
see note 1)

The above value is related to accidental earthing of the phase conductor in the low-voltage system.

Between phase and neutral TT, IT and TN 1,45 x U, for a durationupto 5 s

The above value is related to short circuit between a line conductor and the neutral conductor.

NOTE 1 It has been demonstrated that such high TOVs can also occur in TT systems for durations up
to 5 s. See Annex E for more details. This is not addressed in IEC 60364-4-44.

NOTE 2 Maximum TOV values at the transformer location may be different from the table above
(higher or lower). See Annex E for more details.

NOTE 3 Loss of neutral is not considered for selection of SPDs.

For further information, see Annex E.
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IEC 1910/08
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Area of Urgyy) between phase and neutral for TT, TN and IT systems for a fault in the LV installation (short
circuit)

Area of Urgy(y) between phase and earth for IT (TT, see Table 1, Note 1) system for a fault in the LV
installation (accidental earthing of a phase conductor) and area of Uroy(Ly) between phase and neutral for TT
and TN systems for a fault in the LV installation (loss of neutral)

Maximum value for Urgyny) at the consumer installation between phase and earth for TT and IT systems in the
case of a fault occurring in the HV system

Undefined area

Figure 4 — Maximum values of Uty according to IEC 60634-4-44

4.2 Characteristics of the equipment to be protected

Characteristics of the equipment to be protected under transient conditions are determined by

two test methods, as follows:

The impulse withstand of the equipment tested according to IEC 60664-1. This is only an
insulation coordination test. During the test the equipment is de-energized.

The impulse immunity of the equipment tested according to IEC 61000-4-5. This test
evaluates the equipment’'s operational immunity capabilities. The test is mainly performed
with a combination wave generator (1,2/50, 8/20) at different levels. It determines where a
malfunction, error or failure can occur during energized operation.

A comparison of the impulse withstand and impulse immunity levels with respect to the
transient environment where the equipment is to be used, determines the potential need for

SPDs. For more information, see Annex M.

NOTE The selected SPDs should provide a protective level Up lower than the impulse withstand capability of the
equipment or, in some cases where the continuous operation of the equipment is critical, lower than the impulse
immunity of the equipment. Up should be selected in accordance with 6.2.2 and 6.2.5. In addition, due to possible
interaction between the equipment under test and the generator, the immunity of the equipment is a function not

only of Up but of the waveshape of the applied surge.
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5 Surge protective devices

5.1 Basic functions of SPDs

The SPDs considered in this standard are those installed external to the equipment to be
protected.

Their function can be described as follows.

e |n power systems in the absence of surges: the SPD shall not have a significant influence
on the operational characteristics of the system to which it is applied.

e |In power systems during the occurrence of surges: the SPD responds to surges by
lowering its impedance and thus diverting surge current through it to limit the voltage to its
protective level. The surges could initiate a power follow current through the SPD.

e |In power systems after the occurrence of surges: the SPD recovers to a high-impedance
state after the surges and extinguishes any possible power follow current.

The characteristics of SPDs are specified to achieve the above functions under normal
service conditions. The normal service conditions are specified by the frequency of the
power-system voltage, load current, altitude (i.e. air pressure), humidity and ambient air
temperature.

5.2 Additional requirements
Depending upon the application of the SPD, additional requirements may be needed such as:

e protection of SPDs against direct contact (it shall be in accordance with IEC 60364-4-41);

o safety in the event of SPD failures.

An SPD may fail when subjected to a surge greater than its designed maximum energy and
discharge current capability. For the purpose of this standard, failure modes of SPDs are
divided into open-circuit and short-circuit mode.

In the open-circuit mode the system to be protected is no longer protected. In this case,
failure of an SPD is usually difficult to detect since it has almost no influence on the system.
To ensure that the failed SPD is replaced before the next surge, an indication function may be
required.

In the short-circuit mode, the system is severely influenced by the failed SPD. The short-
circuit current flows through the failed SPD from the power source. Energy dissipated during
the conduction of short-circuit current may be excessive and cause a fire hazard. The short-
circuit withstand capability test of IEC 61643-1 covers this problem. In cases where the
system to be protected has no suitable device to disconnect the failed SPD from its circuit, a
suitable disconnecting device may be required to be used in conjunction with a SPD which
has a short-circuit failure mode.

5.3 Classification of SPDs
5.3.1 SPD: classification

Surge protective devices are classified according to IEC 61643-1 as follows.

Number of ports: one or two

Design topology: voltage switching, voltage limiting or combination
SPD Class I, Il and/or Il tests

Location: indoor or outdoor

Accessibility: accessible, inaccessible (out-of-reach)
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Mounting method: fixed or portable

Disconnector: location (external, internal, both external and internal, none) and
protection functions (thermal, leakage current, overcurrent)

Overcurrent protection: specified or not
Degree of protection provided by the SPD enclosure (IP code)

Temperature range: normal or extended

NOTE By definition, outdoor means outside closed shelters. Hence, such SPDs are subjected to all external
conditions. Indoor means inside closed shelters. Hence, such SPDs are subjected to indoor atmospheric
conditions. Out-of-reach means no access to live parts without the use of tools or other equipments.

Some of the above choices are linked to the technology used and are defined by the
manufacturer.

5.3.2 Typical design and topologies
The main protective components used in SPDs belong to two categories:

— voltage-limiting components: varistors, avalanche or suppressor diodes, etc.;
— voltage-switching components: air gaps, gas discharge tubes, thyristors (silicon-controlled
rectifiers), triacs, etc.

Based on these components, typical SPD designs are given below (see Figure 5):

— single voltage-limiting component (Figure 5a): limiting type SPD;
— single voltage-switching component (Figure 5b): switching type SPD;

— combination of voltage-limiting and switching components (Figures 5¢ and d): combination
type SPD.
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a Voltage-limiting components

IEC 1911/08

Key

b Voltage-switching components
¢ Voltage-limiting components in series with voltage-switching components

d Voltage-limiting components in parallel with voltage-switching components

Figure 5 — Examples of components and combinations of components

Not all SPDs are defined by a simple arrangement of basic components. They may
additionally incorporate indicators, disconnectors, fuses, inductors, capacitors and other
components.

Additionally an SPD can be configured as: one-port SPD (see 3.25) or two-port SPD (see 3.26).

5.4 Characteristics of SPDs
5.4.1 Service conditions described in IEC 61643-1
Normal service conditions:

— The frequency of the supply mains is between 48 Hz and 62 Hz a.c. or d.c.

— The altitude shall not exceed 2 000 m.

— Operating temperature: normal range -5 °C to +40 °C, extended range —40 °C to +70 °C.
— The relative humidity in indoor temperature conditions shall be between 30 % and 90 %.

NOTE 1 The user determines the location where the SPD is to be applied (outdoor, indoor, etc.) and should
decide whether the environmental temperature conditions are within the normal or the extended range.
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NOTE 2 IEC 61643-1 also gives indications regarding maximum continuous operating voltage of the SPDs.
See 6.2.1 of this standard.

NOTE 3 In general, the temperature ranges for storage of a product is greater than for operation
Abnormal service conditions:

Exposure of the SPD to abnormal service conditions may require special consideration in the
design or application of the SPD and should be called to the attention of the manufacturer.

Solar radiation: most SPDs are not exposed to solar radiation. In general, solar radiation is
not considered during type testing. Where SPDs are exposed to solar radiation, this should be
taken into account and tested accordingly.

NOTE 3 In general, the degree of protection of the SPD enclosure should be greater than IP2X. In some
instances, other values could be used (for example, for outdoor SPDs).

5.4.2 List of parameters for SPD selection

The following is a non-exclusive list of parameters needed by the user(s) to properly select
the SPD(s).

NOTE Some of these parameters are defined for each mode of protection.

a) Ug: Maximum continuous operating voltage

(=2

Temporary overvoltage characteristic

o O

)
)
) In: Nominal discharge current (only for class | and for class Il tests)
) Imax for class Il tests, limp for class | tests, Uy for class Ill tests

)

D

Up: Voltage protection level

—h

) Failure modes
g) Short-circuit withstand
h) I;. Follow current interrupting rating (except in the case of voltage limiting type SPDs)

i) Rated load current [, (for two-port SPDs or one-port SPDs with separate input and output
terminals)

i) Voltage drop (for two-port SPDs or one-port SPDs with separate input and output
terminals)

k) Ire. Residual current (optional)

Figure 6 shows the relationship between Uy, Uy, Uc and Ugs.
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Figure 6 — Relationship between U, Uy, U; and U,

5.5 Additional information on characteristics of SPDs
5.5.1 Information related to power-frequency voltages

5.5.1.1 Uc: Maximum continuous operating voltage
and I. continuous operating current

U, shall be selected in order to minimize any changes in SPD characteristics (ageing, thermal
runaway, etc.) under normal conditions.

I is the value of current through the SPD when U, is applied. The current flowing through the
earth (PE) terminal, if any, is called the residual current Ipe. This current Ipg is used in
selecting an SPD to avoid unnecessary operation of overcurrent devices or other protective
devices (for example RCDs) (see 531.2.1.2 of IEC 60364-5-53).

See Annex J for further information on how the effect of the operation of an overcurrent or
other protective device depends on the configuration of the system.

5.5.1.2 Temporary overvoltage characteristics

A few sets of values of power frequency (or d.c.) overvoltage versus time (up to several
seconds) are sufficient to characterise the temporary overvoltage characteristic of an SPD.

The SPD may either withstand the TOV tests without unacceptable changes in its
characteristics or fail in an acceptable manner

SPDs installed according to IEC 60364-5-53 shall withstand the TOV due to fault in the low
voltage power system (See TOV values for 5 s duration in Table 5). The SPD installed
between neutral and PE according to CT2 connection scheme (see Figure 11) shall also
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withstand the TOV due to fault in the high voltage power system (See TOV values for 200 ms
duration in Table 5)

Durations for TOVs considered by IEC 61643-1 are limited to two durations 200 ms and 5 s
and related test voltage values are called Ur.

The temporary characteristic shall be given by the manufacturer according to IEC 61643-1.

NOTE Selecting an SPD with both a high temporary overvoltage withstand and a low voltage protection level may
be difficult while still maintaining coordination with the equipment to be protected.

The user can select the most suitable SPD by comparing the temporary overvoltage
characteristic of the SPD and the temporary overvoltages (Uroy) occurring on the power
system. Standardized values used for SPD testing are given in Table 5.

5.5.2 Information related to surge currents

The factors discussed below relate to the voltage, current and time characteristics of the
surge waveform. Different surge waveforms and levels are used for testing depending upon
the stresses to which the SPD is expected to be exposed.

Guidance to the selection of the appropriate test class(es) for an SPD is given in the
introduction to IEC 61643-1, which states the following.

— The class | test is intended to simulate partial conducted lightning current impulses. SPDs
subjected to class | test methods are generally recommended for locations at points of
high exposure, for example, line entrances to buildings protected by lightning protection
systems.

— SPDs tested to class Il or Il test methods are subjected to impulses of shorter duration.
These SPDs are generally recommended for locations with lesser exposure to direct
impulses.

When selecting an SPD it is necessary to consider both the test class and the magnitude of
the impulse for which it is rated.

NOTE 1 The class Il test applies an impressed current to the SPD. The class Ill test applies a voltage to the SPD,
and the resultant current depends on the characteristics of the SPD.

NOTE 2 The class of test which the SPD has undergone is provided on the nameplate using the format
represented by a T in a square: “T1} for class | test, “T2}for class Il test and “T3 for class Il test, or by writing
“test class” in words.

5.5.2.1 I,: Nominal discharge current (8/20)
(for SPDs according to class | and Il tests)

This is the current that is used as one test parameter for determining the measured limiting
voltage for SPDs tested according to the class | and class Il tests. This current is also used
during preconditioning (applied 15 times) for the operating duty test for class | and class II.

I, is lower than I,,5x and corresponds to a current that is expected to occur quite frequently in
the field.

The preferred values for 7, are: (0,05; 0,1; 0,25; 0,5; 1,0; 1,5; 2,0; 2,5; 3,0; 5,0; 10; 15 and 20) kA.

5.5.2.2  Iimp and Iy ax (for SPDs according to class | and Il tests)

limp and Inax are test parameters used in the operating duty test for class I and class Il tests
respectively. They are related to the maximum values of discharge currents, which are
expected to occur only very rarely at the location of the SPD in the system. /.5« is associated
with class Il tests and /jmp is associated with class | tests.
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The preferred values for Iimp (Ipeak: O, W/R), according to IEC 61643-1, are given in Table 2.

Table 2 — Preferred values of Iyp

e+ ¢ o0
20 10 100
12,5 6,25 39
10 5 25
5 2,5 6,25
2 1 1
1 0,5 0,25

NOTE 1 In general /iy, is associated with longer waveshapes than I,

NOTE 2 The 10/350 waveshape is one example of a waveshape which meets the requirements of Table 2
5.5.3 Information related to voltage protection level provided by SPDs
5.5.3.1 Measured limiting voltage

a) Class | and class Il tests
The determination of the measured limiting voltage is made by performing two tests:
— measurement of the residual voltage at various values of current using 8/20 wave;
— measurement of the sparkover voltage using a 1,2/50 wave.
The measured limiting voltage is the highest voltage value of
— either the residual voltage, for the range of current
from 0,1 X I up to Ipeak OF Iy Whichever is the greater for class | test;
from 0,1 x I, up to 1,0 x I, for class |l test;
— or the front of wave sparkover voltage using a 1,2/50 wave.
e SPDs with voltage-limiting components
Figure 7 shows a typical curve U,gg versus [ for a ZnO varistor. This shows that the residual
voltage of the SPD at /154 shall also be considered. If this voltage is higher than the voltage
protection level and especially if it is higher than the impulse withstand voltage of the
equipment to be protected, then there is a risk that the SPD will survive such a stress but the

equipment will not be protected. Voltage protection level and surge current withstand of the
SPD shall, therefore, be selected accordingly.
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R Range of several kA
Figure 7 — Typical curve of U, versus I for ZnO varistors

e SPDs with voltage-switching components

The impulse sparkover voltage of a spark gap device (gas discharge tube etc.) is depen-
dent upon the rate of rise (dU/d¢) of the applied transient overvoltage.

Generally, an increase in the voltage rate of rise (dU/d¢) of the transient leads to an
increase of the impulse sparkover voltage. As impulse sparkover voltage is a statistical
value at a defined dU/d¢, there will be a spread in the measured values (see Figure 8).
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Key
a Higher rate of rise — 10 kV/us
b Lower rate of rise — 1 kV/us
&8¢  Spread in time of sparkover
8U Spread in voltage of sparkover
Figure 8 — Typical curve for a spark gap

b) Class Il tests

For SPDs tested according to class lll, a combination wave generator is used. The maxi-
mum value measured during the test is then used as the measured limiting voltage.

5.5.3.2  Voltage protection level U,

Up is declared by the manufacturer. By definition it is equal to or greater than, the highest
value of the measured limiting voltage. Selection of this value by the manufacturer should
allow for manufacturing tolerances.

,09; 0,10; 0,12; 0,15; 0,22; 0,33; 0,4; 0,5;

The preferred voltage protection levels are:(0,08
3,0 ; 5,0; 6,0; 8,0; and 10) kV.

are: ;0
0,6;0,7;0,8;0,9; 1,0; 1,2; 1,5; 1,8; 2,0; 2,5; 3,0; 4,0

Annex B gives a typical relationship between the nominal voltage of the system and the
voltage protection level of the SPD for a ZnO varistor.

5.5.4 Information related to SPD failure modes

These modes are used to define the compatibility of the SPD with other equipment, with its
application and with the devices used in conjunction with the SPD.

Failure mode of the SPD is dependent on the magnitude, number and waveshape of the surge
current and voltage, short-circuit capacity of the power system and value of the voltage
applied to the SPD at the time of the failure. This standard considers that there are two failure
modes of an SPD:

— short-circuit or low impedance
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— open-circuit or high impedance.

Sometimes SPDs may enter an indeterminate state for some period of time. This state
involves energy absorption and eventually leads (itself or in conjunction with the disconnector
or the overcurrent protection) to an open-circuit or short-circuit condition. For the purpose of
this standard, it is assumed that this state is temporary and, as such, is not addressed.

See Annex J for further information on how the effect of the operation of an overcurrent or
other protective device depends on the configuration of the system.

Changes in the characteristics of the SPD are not considered as a failure mode, but are
addressed in 5.5.7.

5.5.5 Information related to short-circuit withstand

The SPD alone or in conjunction with its disconnector and/or overcurrent protection is
required to withstand the short-circuit withstand current declared by the manufacturer. The
SPD should pass the test without burning, charring or expulsion of molten material or by
creating an opening in the enclosure. It is necessary to ensure that the SPD will not be used
at a place where the prospective short-circuit current of the power supply [, is greater than its
short-circuit withstand. It is also necessary to ensure that an adequate disconnector and/or
overcurrent protection as recommended by the manufacturer is present and working.

For an SPD which is not of the voltage limiting type, it is also necessary to check that its
follow current interrupting rating I;; is higher than the prospective short-circuit current at the
point of the installation Ip.

5.5.6 Information related to load current I_ and to voltage drop
(for two-port SPDs or one-port SPDs with separate
input and output terminals)

For a two-port SPD or a one-port SPD connected in line with the supply, it is necessary to
ensure that the equipment load current does not exceed its rated load current 7,.

NOTE It is also necessary to consider the type of load. For example some loads may have in-rush currents which
can be as high as three times the r.m.s. value. These peak currents can produce additional heating within series
elements of two-port SPDs.

It is also necessary to check that the installation of a two-port SPD, or one-port SPD with
separate input and output terminals, does not result in an unacceptable voltage drop at the
equipment located downstream. This is characterized by the voltage drop AU.

5.5.7 Information related to change of characteristics of SPDs

Certain SPDs may enter an intermediate state when subjected to higher stress than that
defined in the standard tests. In this case some of their characteristics may change from the
designed values, for example: Up, I, Ic, etc. In particular, this may occur for SPDs having
active parts in parallel where one of these active parts may be disconnected after a surge. In
these instances the user may not be aware of these changes in characteristics. Any such
intermediate state should be avoided in the design of an SPD, unless there is a clear
indication of the state when it occurs.

6 Application of SPDs in low-voltage power distribution systems

6.1 Installation and its effect on the protection given by SPDs

When a risk analysis is performed (see Clause 7), the stresses in the system (Clause 4) and
the characteristics of the SPD (Clause 5) being identified can be specified.
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In applying an SPD in a power-distribution system the flow chart shown in Figure 9 may be
used.

6.1.1 Mode of protectionand | ___________. Installed as close as possible to
installation the origin of the installation

!

6.1.2 Oscillation phenomenon  f------------

Installed as close as possible to
the equipment

v Connecting conductors for SPDs
6.1.3 Connected lead length ~ f-ocooo___. and any external disconnectors(s)
connected in series with the SPD
l shall be as short as possible
SPDs at the entrance of the
6.1.4 Need for additional protection  f------------ installation and others close to the
equipment
A Class I, Il and Ill tests may be
6.1.5 Choice of the location of the used at the entrance and class Il
SPD depending on the classes of test [~77 77777777 and |ll tests may be also used for

, locations close to the equipment

: v When such a concept is used

6.1.6 Protection zone concept ~ f------------ SPDs should be installed at the
zone boundaries

IEC 343/02

Figure 9 — Flowchart for SPD application
Examples of practical installation of SPDs are given in Annex N

At the point of entry depending on the incoming stress, SPDs tested according to class I,
class Il or class Il may be used. Consideration of the electrical stress involved in the surge is
a key to choosing the right SPDs. In particular when a lightning protection system is present
additional information can be found in the 62305 series. SPDs tested according to class Il and
class Il tests are also suited for location close to the protected equipment.

6.1.1 Possible modes of protection and installation

When the equipment to be protected has a sufficient overvoltage withstand or is located close
to the main distribution board, one SPD may be sufficient. In this case, the SPD should be
installed as close as possible to the origin of the installation. The SPDs should have sufficient
surge withstand capability for this location. Figures K.1 to K.5 show typical connections of
SPDs located at the origin of the installation for different types of systems. Figure K.5
represents the particular case of a TN C-S system.

SPDs at or near the origin of the installation shall be connected at least between the following
points:

a) if there is a direct connection between the neutral conductor and PE at or near the origin
of the installation or if there is no neutral conductor:

between each line conductor and either the main earthing terminal or the main protective
conductor, whichever route is shorter;

NOTE 1 The impedance connecting the neutral to PE in IT systems is not considered as a connection.
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b) if there is no direct connection between the neutral conductor and PE at or near the origin
of the installation either:

between each line conductor and either the main earthing terminal or the main protective
conductor, and between the neutral conductor and either the main earthing terminal or the
protective conductor, whichever route is shorter - Connection type 1 (CT 1), see Figure 10

or

between each line conductor and the neutral conductor and between the neutral conductor
and either the main earthing terminal or the protective conductor, whichever route is
shorter - Connection type 2 (CT 2), see Figure 11.

NOTE 2 If a line conductor is earthed, it is considered to be equivalent to a neutral conductor for the application
of this subclause.

F1
L1
L2
L3
N
] = S S A | pm—— e
D
=0 0 | 0
[
D
SPD| |SPD| |sPD| |sPD o
| | | | i
Lt i i
————————— PE
ID ® ;I
4
= IEC 1915/08
Figure 10 — Connection Type 1 (CT1)
F1
L2 —]
L3 —
N
PE ool | pm—— e
SN

- IEC 1916/08

Figure 11 — Connection Type 2 (CT2)
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Table 3 indicates the possible modes of protection that may be required for various LV
systems.

NOTE 3 If more than one SPD is connected on the same conductor, it is necessary to ensure coordination
between them.

NOTE 4 The number of modes of protection depends on the type of equipment to be protected (for example, if the
equipment is not connected to earth, line- or neutral-to-earth protection may not be necessary), the withstand of
the equipment according to each mode of protection, the electrical system structure and earthing and the
characteristics of the incoming surge. For example, protection between phase/neutral and PE conductor or
between phase and neutral are generally sufficient, and protection between phase and phase is not generally used.

NOTE 5 Installation of SPDs in front of the electricity supplier's meter should be carried out with the agreement of
the electricity supplier.

Table 3 — Possible modes of protection for various LV systems

System configuration at the installation point of SPD
SPDs
connected TT TN-C TN-S IT with distributed IT without
b ) neutral distributed
etween: neutral
Installation Installation Installation
according to according to according to
CT1 CT 2 CT1 CT 2 CT1 CT2
Each line conductor and
neutral conductor + . NA + . + . NA
Each line conductor and . NA NA . NA . NA .
PE conductor
Neutral conductor and . . NA e See e See . . NA
PE conductor Note 1 Note 1
Each line conductor and NA NA . NA NA NA NA NA
PEN conductor
Line conductors + + + + + + +
e :required
NA : not applicable
+ : optional, in addition to required SPDs

CT : connection type

NOTE 1 When distance between SPD location and PE — N bonding point is short (typically less than 10 m) this
SPD may not be required

NOTE 2 When CT2 is used the withstand voltage of equipment Uw should be compared to the protective level
obtained as the result of two SPDs in series (L-N and N-PE). This may give a different result than the simple
addition of the Up of both SPDs.

It is recommended that the power and signalling networks enter the structure to be protected
close to each other and are bonded together at a common bonding bar. This is especially
important for structures made of non-shielding material (wood, bricks, concrete, etc.).

For further information, see Annex K.

6.1.2 Influence of the oscillation phenomena on the protective distance (called
separation distance in some countries)

When an SPD is used to protect specific equipment or when the SPD located at the main
distribution board cannot provide enough protection for some equipment, SPDs should be
installed as close as possible to the equipment to be protected. If the distance between the
SPD and the equipment to be protected is too large, oscillations could lead to a voltage at
the equipment terminals which is generally up to two times higher than U, but, under some
circumstances, can even exceed this level. This can cause a failure of the equipment to be
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protected, in spite of the presence of the SPD (see Figures K.8 to K.10). Acceptable distance
(called protective distance) depends on SPD type, type of system, steepness and waveform of
the incoming surge and connected loads. In particular, this doubling is only possible if the
equipment corresponds to a high impedance load or if the equipment is internally
disconnected. Figure K.10 shows an example of a doubling of voltage in such conditions to
illustrate the phenomenon.

In general, oscillations may be disregarded for distances less than 10 m.. Sometimes the
equipment has internal protective components (for example, varistors), that will significantly
reduce oscillations even at longer distances. Care is necessary in this last case to avoid
coordination problems between the SPD and the protective component inside the equipment.

NOTE Protective distance may be reduced due to the voltage directly induced by the lightning current in the
circuit loop existing between the SPD and equipment to be protected.

For further information, see Annex K.

6.1.3 Influence of the connecting lead length

In order to achieve optimum overvoltage protection, connecting conductors of SPDs shall be
as short as possible. Long lead lengths will degrade the protection offered by the SPD.
Therefore, it may be necessary to select an SPD with a lower voltage protection level, in order
to provide efficient protection. The residual voltage transferred to equipment will be the sum
of the residual of the SPD and the inductive voltage drop along the connecting leads. The two
voltages may not peak exactly at the same instant, but for most practical purposes, may
simply be added. Figure 10 shows the effect of the inductance of connecting leads on the
voltage measured between connection points of the SPD during the impulse discharge
current.

As a general rule, the lead inductance is assumed to be 1 puH/m. This inductive voltage drop,
when caused by an impulse with a rate of rise of 1 kA/us will be approximately 1 kV/m of lead
length. Furthermore, if the steepness of d//d¢ is greater, this value will be increased.

As far as possible, it is better to use scheme b) shown in Figure 12 where the effect of this
inductance is considerably reduced. Scheme c) using twisted wires can be used when it is not
possible to use scheme b). As far as possible scheme a) should be avoided. Because
increasing the length of the connecting conductors of SPDs reduces the effectiveness of
overvoltage protection, optimum overvoltage protection is achieved in scheme a) when all
connecting conductors of SPDs are as short as possible (preferably not exceeding 0,5 m for
the total lead length) and without any loops.

NOTE If the return current path is magnetically coupled to the incoming current conductors by placing the
conductors in close proximity the inductance will be reduced (see Figure 12 c).
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a) L1, L2 inductances corresponding to lead lengths /1, /2

Isyrge Waveshape of surge current versus time

Vepp  Voltage at the SPD terminals during the surge
vV Voltage between points A and B during the surge = Vg, + voltage drop due to inductance L1+ L2

AB
THIS SCHEME IS TO BE AVOIDED WHEN POSSIBLE, ESPECIALLY WHEN EITHER L1 OR L2 IS LARGE

b) THIS SCHEME IS TO BE PREFERRED
c) THIS SCHEME IS ACCEPTABLE WHERE SCHEME b IS NOT POSSIBLE

Figure 12 — Influence of SPD connecting lead lengths

For further information, see Annex K.

6.1.4 Need for additional protection

In some conditions one SPD is sufficient, for example, if the stresses at the entrance to the
structure are low. It is then better to install the SPD close to the mains entrance (see 6.1.1).

Additional protection close to the equipment to be protected may be necessary, for example
where

e very sensitive equipment (electronic, computer) is present;

the distance between the SPD located at the entrance and the equipment to be protected
is too long (see 6.1.2);

there are electromagnetic fields inside the structure created by lightning discharges and
internal interference sources.

It is necessary to consider the voltage withstand (Uyy, see IEC 60664-1) of the most sensitive
equipment to be protected in the system or, in some cases where the continuous operation of
the equipment is critical, the impulse immunity level of the equipment. In the example below
where the equipment is not critical and Uy is only considered, the SPD located closest to this
equipment shall be selected with a voltage protective level of Up2 at least 20 % below the
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voltage withstand of this equipment. If the protective level (Upq) of the entrance SPD
combined with the effect described in 6.1.2, due to the distance between this SPD and the
equipment leads to a voltage below 0,8 x Uy at the terminals of the equipment, then no
additional SPD is necessary close to the equipment (see Figure 13).

See K.1.2 and Figure K.9 for further information.

5" E

S S q

P Up1 :P 1Up2

D |[No.1 D INo.2 Uw
L_1
T
|

_______ 1

IEC 345/02
Key

If Upy x k < 0,8 x Uy, only SPD No. 1 (installed at the entrance to the installation) is needed.
If Upy X k> 0,8 x Uy, SPD No. 2 (with U, < 0,8 Uy) should be installed in addition to SPD No. 1.
Eq is the equipment to be protected having a withstand voltage U,y as defined by IEC 60664-1.

k is a coefficient (1 < k < 2, see 6.1.2) taking account of possible oscillations.

Figure 13 — Need for additional protection

NOTE The immunity of the equipment obtained from IEC 61000-4-5 may be different from the withstand voltage
defined in IEC 60664-1 (Uy). The reason for this is that the test of IEC 61000-4-5 uses a combination wave
generator, and a part of the surge current may flow through the equipment (especially if it has a low impedance).
In this case, proper coordination is required (see 6.2.6). Additional information on comparison between immunity
and insulation withstand is given in Annex M. It should be noted that in spite of IEC 60664-1 describing how to
obtain Uw, it may difficult in practice to obtain U, value for every type of equipment

Potentially damaging switching surges can be generated inside buildings. In this case,
additional SPDs may be needed.

When two SPDs are used on the same circuit, they shall be co-ordinated.

6.1.5 Consideration regarding location of the SPD depending on the classes of test

At the point of entry depending on the incoming stress, SPDs tested according to class |,
class Il or class Il may be used. Consideration of the electrical stress involved in the surge is
a key to choosing the right SPDs. SPDs tested according to class Il and class Ill tests are
also suited for location close to the protected equipment.

6.1.6 Protection zone concept

For the purpose of designing and applying appropriate surge protection, it may be useful to
consider a hierarchy of zones of protection as described in IEC 62305-4.
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This planning concept assumes that the conducted threatening parameters caused by
switching in the power distribution systems and direct/indirect lightning strokes, are reduced
in steps (the distance between the steps should be in accordance with 6.1.2) from the

unprotected environment to the protected sensitive equipment.

An example of the subdivision of the building power distribution system into protection zones
and the allocation of SPDs is shown in Figure K.11.
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the following scheme in six steps given in 6.2.1 through 6.2.6.

6.2.1 Selection of Uc, UT ,
In, Iimp, Imax and Uoc
of the SPD

Maximum continuous operating voltage of the SPD (Ug) is
greater than maximum continuous operating voltage of the
____ power system (Ucs)

Temporary overvoltage of the SPD (Ur) is greater

than temporary overvoltage of the network (Utov(Lv))

6.2.2 Protective distance

----- Location of the SPD

J

6.2.3 Prospective life and
failure mode

Are they acceptable ?

v

and other devices

6.2.4 Interaction between SPDs

Ic must not cause any
personal safety hazards
or disturbance to other
equipment

Surge coordination
between SPDs and

1 1
1 1
1 —_— :
: coi?itijtlitcm : : overcurrent protective
H 1
! ! ' devices X
P, 1 . !
SPD shall not The SPD’s overcurrent protective device is
interfere with other tested in order to ensure that it does not
components such operate at the specified surge rating of the
as RCDs or circuit SPD. Other overcurrent protective devices
breakers upstream of the SPD may not be coordinated

with the SPD surge rating.

6.2.5 Choice of the voltage
protection level Up

Take into account

——————— - Surge withstand or immunity of the equipment to be
protected
- Nominal voltage of the system

6.2.6 Coordination between
the chosen SPD and
other SPDs

When two SPDs are used on the same conductor

IEC 1918/08

Figure 14 — Flowchart for the selection of an SPD
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6.2.1 Selection of Ug, Ut , In, Iimps Imax and Uy of the SPD
6.2.1.1 U. maximum continuous operating voltage of the SPD

The U, value of the SPD shall fulfil the following criteria.

U; shall be higher than the maximum continuous operating voltage of the power system
Ucs (F k x Up) (see Annex J and, for suggested values, Annex B).

Uc > Ugs

NOTE 1 In addition to the IT system U, should be high enough to cover first fault conditions. This is covered by
the values given in Table 4.

In practice it leads to the following requirements (see IEC 60364-5-53):

Table 4 — Minimum recommended U, of the SPD for various power systems

System configuration of distribution network
TT TN-C TN-S IT with IT
SPDs connected distributed without
between: neutral distributed
neutral
Each line conductor and
neutral conductor 1,10, NA 1,10, 1,10, NA
Each line conductor and
PE conductor 1,1x U, NA 1,1U . .
X Yo ° \/§ x U, Line to line
voltage
(see Note 3)
(see Note 3)
Neutral conductor and U, NA U, U, NA
PE conductor
(see Note 3) (see Note 3) (see Note 3)
Each line conductor and
PEN conductor NA 1,1 U, NA NA NA

NA : not applicable

NOTE 2 U, is the line to neutral voltage of the low voltage system.

NOTE 3 These values are related to worst case fault conditions, therefore the tolerance of 10 % is not taken into

account.

NOTE 4 In extended IT systems, higher values of Uz may be necessary.

6.2.1.2

Ur Temporary overvoltage rating of the SPD

Ut values shall be higher than the temporary overvoltage (TOV) that is expected to occur in
the installation due to faults in the low-voltage system, as illustrated in Figure 15.

Ut > Utov(Lv)

NOTE 1 A Urgy(y) With a duration greater than 5 s may be considered as a maximum continuous operating
voltage (U.). In an IT system, for example, the U, value of an SPD connected between phase and earth is at least
equal to the maximum phase-to-phase system voltage (Uy x V3) due to earth faults which may occur for a very long

duration (several hours).

© STANDARDS MALAYSIA 2012 - All rights reserved




- 50 - MS IEC 61643-12:2012

Table 5 — Typical TOV test values

Application TOV test values Ut

for 5s for 200ms

SPDs connected to:

TN-systems

Connected L- (PE)N or L-N 1,32 x Uss

Connected N-PE

Connected L-L

TT-systems
Connected L-PE 1,55 X Ues 1200 + Ues
Connected L-N 1,32 X Ucs
Connected N-PE 1200
Connected L-L

IT-systems
Connected L-PE 1200 + Ucs
Connected L-N 1,32 x Uss
Connected N-PE 1200

Connected L-L

TN, TT and IT-systems

Connected L-PE 1,55 X Ucs 1200 + Ucs
Connected L-(PE) N 1,32 x Uss
Connected N-PE 1200

Connected L-L

NOTE 2 This table satisfies the requirements given in IEC 60364-5-53. For this purpose Uss = 1,1 x Us,.

NOTE 3 The different power networks and earthing practices not complying with IEC installations rules may
require different values to those given in the table above.

In some cases where the TOVs have too high a magnitude, it may be difficult to find an SPD
which is able to provide equipment with acceptable surge protection. If the probability of
occurrence is low enough, it can be decided to use an SPD which cannot withstand the TOV
stress. In this case, suitable disconnecting devices shall be used.
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Utov

Up + 1200 V

7/ I

" Time

IEC 1919/08

Key
a Area of UrgyLy) between phase and neutral for TT, TN and IT systems for a fault in the LV installation (short circuit)

b Area of Urgyy) between phase and earth for IT (TT) system for a fault in the LV installation (accidental
earthing) and area of Urgy(y) between phase and neutral for TT and TN systems for a fault in the LV
installation (loss of neutral)

¢ Maximum value for Urgynyy at the consumer location between phase and earth for TT and IT systems in the
case of a fault occurring in the HV system

d Undefined area

e Utoy(Lv) required for an SPD used on a 3W+G (three wires + ground), single phase, 120/240 V systems

f Uroyv) required for an SPD used on a 4W+G (four wires + ground), three phases, 120/208 V, 277/480 V,
347/600 V systems

NOTE e and f are used in North America
B Values of Uy of the SPD

Figure 15 - UT and UTOV

NOTE 4 As shown on the drawing it is possible to choose an SPD with the following characteristics:

Ut = Uc 2 Urov(Lv) max
This is the case for IT systems, in particular.

When selecting an SPD with the desired protective level, consideration shall be given to the
required behaviour (withstand characteristic or failure mode) depending on the expected
TOVs.

If the probability of occurrence is low enough, it can be decided to use an SPD which cannot
withstand the TOV stress but which fails in an acceptable manner according to IEC 61643-1 in
order to reach the desired protective level.

If the failure mode is not acceptable additional measures have to be taken to limit the TOVs
before application of SPDs with acceptable protective level.
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6.21.3 1,1 I;

n’> “max’ “imp

I, is related to the protective level U, where ] I

imp 1S necessary for selection of the
appropriate energy withstand.

max?

The choice of the SPD energy withstand (choice of either [;,,,, /a4 OF Upc depending on the
class of test) shall be based on a risk analysis (see Clause 7) which compares the probability
of occurrence of surges, the price of the equipment to be protected and the acceptable failure
rate, completed with a coordination analysis when more than one SPD is involved.

NOTE 1 Higher values than the preferred values of 5.5.2.1 and 5.5.2.2 may be used if necessary.

If protection against surges of atmospheric origin requires SPDs, the nominal discharge
current I, at the origin of the installation shall not be less than 5 kA 8/20 for each required
mode of protection.

For installation according to connection type 2 (see Figure 11) the nominal discharge current
I, at the origin of the installation for the surge protective device connected between neutral
conductor and PE shall not be less than 20 kA 8/20 for three phase systems and 10 kA 8/20
for single phase systems.

If presence of a lightning protection system with the possibility of direct lightning strike
requires SPDs, the lightning impulse current /,,, shall be evaluated (see Annex |). For such
evaluation the component (fuses, cross section of wiring, etc.) installed upstream of the SPD
should be taken into account as these may limit the maximum surge capability of the whole
system and therefore the maximum stress to the SPD. If no such evaluation is possible, the

value of /i, shall not be less than 12,5 kA for each required mode of protection.

For installation according to connection type 2 the lightning impulse current /;,,, for the surge
protective device connected between neutral conductor and PE shall be calculated similar to
IEC 62305-4. If the current value cannot be established the value of /i, shall not be less than
50 kA for three phase systems and 25 kA for single phase systems.

NOTE 2 Additional information is given in IEC 62305-1 Annex E.

When a single SPD is used for protection against surges of atmopsheric origin and for
protection against direct lightning effect both, the rating of 7, and of Timp shall be in agreement
with the above values.

Selection of I,, and I, for additional SPDs is made based on coordination rules described in

6.2.6

max

NOTE 3 I,5x is used for special cases only as in general 7, is sufficient to characterize an Class |l tested SPD.
Imax 9ives an indication of the energy withstand and consequently gives an indication of life expectancy in a
specific location.

6.2.2 Protective distance

To determine the location of the SPD (at the entrance, close to the equipment, etc.), it is
necessary to know the protective distance, i.e. the acceptable distance between the SPD and
the equipment to be protected where the SPDs provide sufficient protection.

This distance is dependent on the SPD characteristics (Up, etc.), its installation in the
structure (lead length, etc.), on the system characteristics (type and length of conductors,
etc.) and on the characteristics of the equipment (overvoltage withstand, immunity etc.). For
more explanations, refer to 6.1.2 and 6.1.3 where the phenomena involved are discussed.

NOTE The planner of the protection zones should be aware of the protective distance of SPDs to the equipment
to be protected (see 6.1.6).
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6.2.3 Prospective life and failure mode
6.2.3.1 Prospective versus real life

The prospective life on a SPD depends mainly on the probability of occurrence of surges
exceeding the maximum discharge capability of the SPD.

The real life of an SPD may be long or short depending on the actual frequency of occurence.

For example, if a few seconds after the installation of an SPD with a given maximum
discharge current I,,x determined by a suitable risk analysis, an exceptional surge current
occurs which exceeds this 7., value , the SPD is likely to fail. Its real life time will then be
very short in this case. This extreme case shows that any prospective life given by a
manufacturer is only a statistical value which can never be a guarantee of the actual life time.

It is only possible to consider prospective life times. When an exceptional surge current
occurs any SPD having an I, far lower than this surge current will be destroyed even if this
event takes place a few seconds after installation. In such a case it is irrelevant if /., is ten
times lower or only two times lower than this exceptional surge current. However, for a given
application, the expected life time of an SPD with a specified high /,,,, is always longer than
that of a similar SPD with a lower I,,,, as long as the limits of the SPD withstand are not
exceeded.

To summarize, it is necessary to choose an SPD which

e takes into account Utpy, expected surges and necessary coordination with any other
SPDs;

e does not cause a hazard such as fire or electrical shock when it fails.
6.2.3.2 Failure modes

The failure mode itself is dependent on the type of surges and overvoltages. Coordination
between the SPD and any upstream back-up protection is necessary if one wants to avoid
power-supply disturbance or interruption.

6.2.4 Interaction between SPDs and other devices

See also |IEC 60364 series for information on this topic.

6.2.4.1 Normal conditions

The continuous operating current (/) shall not cause any personnel safety hazards (indirect
contact, etc.) or disturbance to other equipment (for example, RCD).

NOTE 1 I, should be less than one-third of the rated residual current (/,,/3) in the case of RCDs. Cumulative
effects of various SPDs and other devices should be taken into account.

NOTE 2 If the SPD is located on the load side of an RCD, fuse or circuit breaker, it is not able to provide any
protection for these devices, against nuisance tripping, unintended operation or damage due to surges.

6.2.4.2 Fault conditions

The SPD may be fitted with necessary disconnecting devices in order not to interfere with
other protective devices such as RCD, fuse or circuit-breakers.

The short circuit current withstand of the SPDs (in case of SPD failure) together with the
specified associated (internal or external) overcurrent protective device shall be equal to or
higher than the maximum short circuit current expected at the point of installation, taking into
account the maximum overcurrent protective devices specified by the SPD manufacturer.
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In addition, when a follow current interrupting rating is declared by the manufacturer, it shall
be equal to or higher than the expected short circuit current at the point of installation.

SPDs connected between the neutral conductor and PE in TT- or TN-systems, which allow a
power frequency follow up current after operation (e.g. spark gaps), shall have a follow
current interrupting rating greater or equal to I; = 100 A.

In IT-systems the follow current interrupting rating for SPDs connected between the neutral
conductor and PE shall be the same as for SPDs connected between phase and neutral

6.2.4.3 Surge coordination between SPDs and RCDs or overcurrent
protective devices such as fuses or circuit-breakers

A defined withstand capability of overcurrent protective devices and residual current devices
(RCDs) used in networks is not specified except for type S RCDs which, according to their
own standards (IEC 61008-1 and IEC 61009-1), shall be able to withstand 3 kA 8/20 without

tripping.

When co-ordinating SPDs with an overcurrent protective device or RCD, it is recommended
that, at the nominal discharge current I, this overcurrent protective device or RCD shall not
operate.

However, at current higher than I, it is normally acceptable for the overcurrent protective
device to operate. In the case of a resettable overcurrent protective device, such as a circuit-
breaker, it should not be damaged by the surge.

In this case, due to the response time of such overcurrent protective devices, the complete
surge will flow through the SPD even when the overcurrent protective device operates. Thus,
the SPD shall have a sufficient energy withstand. Operation of the RCD or of the overcurrent
protective device due to this phenomenon should not be considered a failure of the SPD since
the installation is still protected. Special configurations or overcurrent protective devices
should be used if a power supply interruption is not acceptable to the user.

NOTE 1 In situations with high current exposure, such as lightning protection systems or overhead lines,
operation of the overcurrent protective device is acceptable below I, if I, is above the actual withstand of the
overcurrent protective device used in the installation. In this case, the choice of the nominal discharge current of
the SPD is based only on surge capability.

NOTE 2 If sparkover of a voltage switching type SPD occurs, the quality of the electrical supply service may be
reduced. In general, a power follow current causes the operation of an overcurrent protective device unless the
voltage switching type SPD is self-extinguishing. Coordination with the overcurrent protective devices upstream of
the SPD is then needed.

NOTE 3 For protection against indirect contact, IEC 60364-5-53 applies.
6.2.5 Choice of the voltage protection level U,

The surge withstand of the equipment (or impulse immunity of critical equipment) to be
protected and the nominal voltage of the system shall be considered in choosing the preferred
voltage protection level value of the SPD. The lower the value the better the protection. This
is limited by consideration of U, and Ut, degradation of the SPD and coordination with other
SPDs. See also 6.1.2 and 6.1.3.

The voltage protection level for voltage limiting SPDs is related to a specified value of 7, and
Ineak for class | tests and 7, for class Il tests. The selection of the voltage protection level for
class Il tests is defined by the combination wave test (U,.).

For voltage-switching SPDs or combination type SPDs the voltage protection level is also
related to the sparkover voltage.
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6.2.6 Coordination between the chosen SPD and other SPDs

6.2.6.1 General

As already discussed, some applications may require the use of two (or more) SPDs in order
to reduce the electrical stress on the equipment to be protected to an acceptable value (lower
voltage protection level) and to reduce the transient current inside the structure.

To obtain an acceptable sharing of the stress between the two SPDs according to their energy
withstand, coordination is needed.

An example is shown in Figure 16.

Olc
Eq
SPD 1 SPD 2
A
1 Z 2 Olc
Y Eq
Us
SPD 1 SPD 2

]

Key

Eq Equipment to be protected in normal operation

O/c  Open circuit (equipment disconnected from supply)

i Incoming surge

IEC 1920/08

Figure 16 — Typical use of two SPDs — Electrical drawing
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The impedance Z between the two SPDs (in general an inductance) may be a physical one
(a specific component inserted in the line to facilitate the sharing of the energy between the
two SPDs) or represent the inductance of a length of cable between the two SPDs (in general
we consider 1 uH/m). When Z represents a physical impedance, the inductance of the line
may be neglected due to its low value compared to Z. Z is then represented in a schematic
way as in Figure 16 for both cases.

NOTE 1 Figure 14 shows the most severe case where the equipment is not connected. No part of the current is
then flowing through this equipment and the total stress is taken by the two SPDs. Additional consideration should
be given if the surge originates between the SPD terminals and the load.

NOTE 2 For this example the connecting leads are disregarded. In practice, they may have an influence on the
sharing of the stress between the two SPDs.

NOTE 3 Where the forward and the return conductors are closely coupled, the loop is smaller and the specific
inductance is lower than 1 pH/m. It may then be as low as 0,5 uH/m.

NOTE 4 The value of 1 uH/m already combines the inductance of the forward and return conductors.
6.2.6.2 Coordination problems
The coordination problem may be summarized in a first approach by the following question: in

the case of an incoming surge i, which part of this current i will flow through SPD1 and which
part through SPD2? In addition, are the two SPDs able to withstand these stresses?

If the distance between the two SPDs is short in relation to the duration of the surge, the
inductance effect will be negligible and SPD2 might be overstressed.

Good coordination is achieved by selecting appropriate SPDs to reduce the value of iy to an
acceptable level, taking into account the impedance between the two SPDs. This action will,
of course, also reduce the residual voltage of the second SPD down to the desired value.

Such a coordination is required to avoid

e an overdesign of SPD2;

e some EMC perturbations which could cause trouble in the building if i was too high.

However, to deal with the coordination in terms of currents is not sufficient. It is necessary to
deal with coordination in terms of energy.

To be sure that two SPDs are well co-ordinated it is then necessary to fulfil the following
requirement, called the energy criterion.

Energy coordination is achieved, if for all values of surge current between 0 and /max1 (/peak1)
the portion of energy, dissipated through SPD2 is lower or equal to its maximum energy
withstand (Emax2)-

See further information in Annex K.

6.2.6.3 Practical cases
The coordination study may be complex. If all the SPDs have been provided by the same

manufacturer, the easiest way is to ask the manufacturer for any requirements, in terms of
distance or impedance between the selected SPDs, for proper coordination.

Otherwise, it is necessary to make a coordination study and four possibilities are offered.

e Perform some testing by impressing a surge current from zero up to a current
corresponding to Emaxq both with long and short waveforms, keeping in mind that the
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tolerance on components may have a significant influence on the result (tests are under
consideration).

e Perform a simulation taking care of the particularities of the actual scheme of the
installation keeping in mind that it is necessary to have accurate data on the SPDs
characteristics.

e Perform an analytical study by comparing the curve U versus i of the two SPDs when they
are of the voltage-limiting type.

e Use another method called let-through energy (LTE) which gives a conservative result in
most of the cases.

Annexes F and K give more explanation about the phenomena, the analytical studies and
the LTE method.

6.3 Characteristics of auxiliary devices
6.3.1 Disconnecting devices

A single disconnector may be able to take care of the three basic disconnector functions
(thermal protection, short-circuit protection and protection against indirect contact) or it may
be necessary to use up to three disconnectors.

They may be fitted inside the SPD itself or associated with it. Some functions may be taken
into account by the back-up protection of the system and then may be located at a certain
distance from the SPD. Whether the disconnectors are put in the SPD circuit or in line with
the mains, depends on coordination with overcurrent protective devices and on the balance of
the need for continuity of power supply compared to continuity of protection (see J.2).

Some other disconnector functions may be needed, for example, in the case of very high
temporary overvoltage.

A disconnector may be a fuse, a circuit-breaker, an RCD or a device dedicated to this
application.

6.3.2 Event counters

This type of device usually gives information on the number of surges detected and
sometimes their magnitudes and waveshapes. Event counters may be used to determine the
severity of the site or to decide on a replacement policy. Some sophisticated ones give
statistical data such as frequency of occurrence, time and date, energy involved, etc.

NOTE 1 Users should be aware that if the threshold level is too low there is a risk that the information given by
such a device may be misleading.

NOTE 2 At the present time no IEC standard exists to cover such devices.
6.3.3 Status indicator

This device is linked to a disconnector to provide the user with the information about the SPD
to show that it is either operational or no longer functioning according to design. It can be
used to give a warning to replace the SPD. Some status indicators are local and some of
them are remote. They may provide electrical, visual or audible alarms.

7 Risk analysis

Two types of risk analyses may be performed: the basic analysis is used to determine if there
is a need to use an SPD. The second type is to determine the energy withstand of the SPD
located at the entrance or close to the equipment (the energy withstand of the other SPDs
if any is given by the study of coordination between the SPDs) (see Annex L).
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The decision as to whether or not to use SPDs is dependent upon a wide range of parameters
which shall be weighted by the user. The parameters that should be considered are listed in
Annex L. If it is decided to use SPDs, a decision should then be made on the level of
exposure to determine the classification and location of the SPDs to be specified.

A method for the assessment of risk in the case of lightning surges is described in IEC 62305-
2. In some situations, simplified methods, based on |IEC 62305-2, for example the one
described in IEC 60364-4-44, may be used, see Annex H.

NOTE When a complete structure analysis is necessary especially taking care not only of incoming lines but also
of the structure itself and its content it is recommended to use 62305-2.
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Annex A
(informative)

Typical information given with inquiries and tenders
and explanation of testing procedures

A.1 Information given with inquiries

A.1.1 System data

e Uo, Ues

o frequency

e temporary overvoltage Utgy

e insulation level of equipment (or impulse immunity of critical equipment) to be protected

NOTE The user should be aware that the insulation withstand strength may vary with the steepness and duration
of overvoltage. For example, devices which withstand 4 kV 1,2/50 may only withstand 1 kV with a longer wave.

e short-circuit current of the system at the SPD location

e type of distribution system (IT, TT, TN, etc.)
A.1.2 SPD application considerations

a) Connection
phase to earth
neutral to earth
phase to neutral
phase to phase
b) Type of equipment being protected
transformers
electrical machines
devices including electronics
other equipment
cables (type and length), etc.

¢) Maximum length of conductor between SPD and equipment to be protected (protective
distance)

NOTE This distance should be as short as possible.

d) Maximum length (lead length) of conductors from the SPD terminals considering both
connection between SPD and all conductors (phase, neutral, earth)

A.1.3 Characteristics of SPD

e maximum continuous operating voltage Ug,

* voltage protection level Uy

o testing characteristics: class I, Il or 1l

e short-circuit current withstand in case of SPD failure

e environment of SPD installation (outdoor, indoor, etc.)
e number of ports

e degree of protection provided by enclosure (IP code)
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e nominal discharge current I, (tests class | and Il)

e maximum continuous load current (if required)

®  Iimp, Imax OF Uqc (tests class I, Il and Il respectively)
e TOV characteristic

o failure mode
and in addition for two-port SPDs:

e maximum continuous load current (if required) 7|

e voltage drop in per cent

A.1.4 Additional equipment and fittings
e type of mounting

e mounting orientation

e SPD disconnector if required

e cross-section of connection lead

A.1.5 Any special abnormal conditions

For example: very frequent operation.

A.2 Information given with tender
All points from A.1.4 and A.1.5.

In addition, depending on the technology:

e TOV characteristic

e residual voltage versus current

e possibilities for mounting, drilling plans, insulating base, bracket
o type of SPD terminals and permissible conductor size

e dimensions and weights
A.3 Explanation of testing procedures used in IEC 61643-1

A.3.1 Determination of U, for SPDs tested according to class | and class Il tests

The residual voltage is measured at 0,1, 0,2, 0,5, 1,0 times /I, in both polarities using an 8/20
wave generator. Finally, at least one impulse at /max OF Ipeak (Providing /max Or Ipeak is greater
than I,) is applied to the SPD at the polarity that showed higher residual voltages in the
previous test.

The first sequence is made in one polarity and the second sequence in the opposite polarity in
order to check whether there is any deterioration of the SPD.

The waveshape is always 8/20 whether it is a class | test or a class Il test because it is used
as a comparative value. It is used to select an SPD when comparing its protective
characteristics to the impulse withstand voltage of the equipment to be protected. The typical
waveshape for class | tests is /jyp defined by /peak and Q, but this waveshape is not so
different from an 8/20 waveshape in terms of rate of rise of current. Therefore, the 8/20
waveshape is used to obtain a common basis for comparison of SPD protective
characteristics.
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Several values are used between 0,1 x I, to I,,, because it is necessary to find any blind spot
which may occur (a blind spot being the case where a lower value of current gives a higher
residual voltage). It is important to note that the residual voltage at /,, is a conventional value
which may not be the highest value (for example, if the SPD has a blind spot).

The value of U, printed on the nameplate is not sufficient for making the insulation
coordination and coordination between SPDs. A curve or table of the residual voltages has to
be provided by the manufacturer in his technical documentation.

Enough measurements (at least one) are made between I, and Imax OF peak in order to get a
residual voltage curve up to Imax Or Ipeak With sufficient points.

A.3.2 Impulse waveshape for assessment of U,eg

The 8/20 waveshape used for testing one-port SPDs has a permissible current overshoot of
5 %. Such overshoot will have no effect on the U,¢s produced by one-port SPDs.

In the case of two-port SPDs, it is usual to have some series impedance, such as an inductor,
for decoupling. Additionally, a shunt capacitor may be fitted at the equipment side of the
inductor to produce a low pass filter effect. In such cases, an impulse wave with overshoot
will significantly alter U,¢g, according to the magnitude of overshoot. It is for this reason that
the permissible overshoot in the testing of two-port SPDs is restricted to 5 %.

A.3.3 Influence of a back filter on determination of Uyeg

When a back filter is used with two-port devices, an interaction can occur which distorts the
observed U,gg and can produce a misleading result.

A two-port device in the form of a low pass filter will produce peak U,eg at a time after the end
of the applied impulse. In the same way, a back filter will react and return stored energy at the
end of the impulse. The resultant waveshape and voltage at peak magnitude depend on the
parameters of both the back filter and the device under test.

In order to determine the worst-case value of Uqg, the test impulse should be applied at the
maximum value of the a.c. supply, and should have the same polarity. At this point in time, all
components within the device under test are at Upngax. The value Uieg Will then be the sum of
Umax and the incremental voltage due to the applied impulse. This value can be determined
by applying a d.c. voltage via a steering diode which is equal to Unax. The test impulse is
applied between the diode and the two-port device. Depending on the two-port device design,
it may be necessary to provide an alternative a.c. source to power internal operating or
diagnostic electronics.

NOTE The test is not suitable for SPDs which include an isolation transformer.
A.3.4 Operating duty test for SPDs

The test sequence consists of a preconditioning test and an operating duty test. The
preconditioning is performed in order to ensure that there are no unacceptable changes of the
characteristic of the device due to impulse stress. The operating duty test is performed in
order to ensure the thermal stability of the device under service conditions.

For class | and Il tests, the severity of the test depends on the magnitude of Iimp (respectively
Imax) and the ratio between I, and ljm, (respectively Imax). At a given fjm (respectively
Imax), the higher this ratio, the greater Phe severity. For class Il test the severity is directly
related to Ugg.

The preconditioning test is conducted using 15 impulses 8/20 at the nominal discharge
current to simulate expected minimum stresses during the lifetime of the SPD.
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The preconditioning test for class Ill test is the same as class | and class Il tests except the
nominal discharge current is replaced by U,. as declared by the manufacturer and a
combination wave generator is used. The preconditioning is carried out with Ug applied. The
synchronisation between each impulse and the 50/60 Hz is advanced 30° after each impulse.
The first impulse commences at zero degrees. The reason is that some SPDs, such as spark
gaps, are sensitive to this angle, especially with respect to power follow current. For class lll
test appropriate coupling is necessary depending on the generator construction and the U,
to be applied, to avoid a flow of power frequency current into the generator.

The 15 impulses are applied in 3 groups of 5 impulses. There is enough time between each
group (30 min) to allow cooling down of the sample.

After this preconditioning, an additional impulse is applied at each of the following current
levels 0,1 Iimp (respectively Imax), 0,25 limp (respectively Imax), 0,5 Iimp (respectively /max),
0,75 Iimp(respectively Imax) and Iimp (respectively Imax) in order to find a possible blind spot.
There is a thermal cooling between each impulse. A blind spot corresponds to a value of
current lower than Jimp (respectively /max) Which can cause failure of the SPD whereas the
SPD is functioning correctly at limp(respectively Inax). A typical example is one of a ZnO
varistor in parallel with a spark gap. If the gap does not fire the total surge is applied to the
varistor. This varistor may not be able to withstand the same stress as the gap and may fail.

The operating duty test for class |ll test uses a combination wave generator with the voltage
at Ug,.

A.3.5 TOV failure test

This is an optional test, performed only if the manufacturer claims compliance to this test.
This test is designed to provide information on the failure mode of the SPD when a TOV due
to fault in HV system occurs. This test only applies to SPDs intended to be used on TT or IT
systems and does not apply to SPDs connected only between phase and neutral or between
phases. The TOV conditions are described in Table 1.

NOTE Although this test is optional according to IEC 61643-1, applications rules given in IEC 60364-5-53 requires
that this test need to be performed.

The SPD is enclosed in a cuboid wooden box. The test generator will deliver a TOV for a
duration of 200 ms. The duration is limited to 200 ms to simulate the fault clearing time. The
short-circuit current capability of the generator is set to 300 A to simulate short-circuit current
based on typical situations. After the test, the SPD may be out of order but without causing
hazards.

A.3.6 Differences in the testing conditions of Type 1 (test class I), 2 (test class Il) and
3 (test class Ill) SPDs

The class | test is intended to simulate partial conducted lightning current impulses. SPDs
subjected to class | test are generally recommended for locations of high surge current
exposure in conjunction with lightning protection systems. These SPDs are used for
equipotential bonding between the LPS and the power lines. The class | test impulse current
is of a much longer duration than the class Il or class Il test duration.

Class Il and class Ill tests simulate induced surges, far distance direct lightning conducted
surges and switching surges. SPD tested according to class Il or Ill are not designed for
equipotential bonding with an LPS.

For class | and class Il tests a specific current value is driven through the SPD. For class IlI
tests the current flowing through the SPD will depend on the SPD characteristics.

Class Il test is defined by an open circuit voltage of the generator U,.. The short-circuit
current of the generator (/g.) is determined by U,. and the 2 Q generator impedance. The
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generator impedance simulates the impedance of the installation. Maximum current level for
class Ill tests is 10kA as studies have shown that voltage insulation breakdown at the service
entrance will limit the surges entering a facility. These SPD will be generally installed inside a
facility.For class lll tests, the current through the SPD could be less than the short circuit
current Isc during this test because the SPD may have a different characteristic than a short-
circuit.

A.3.7 Short-circuit withstand capability test in conjunction with overcurrent
protection (if any)

This test provides information on whether under failure condition of the SPD, the internal
connections can handle the power short circuit current without causing a hazard including fire,
explosion or electric shock .

The value of the short-circuit withstand current is given by the manufacturer.

The purpose of this test is to check the behaviour of internal connections of the SPD. To
achieve this, protective components (MOV, GDT, gaps ...) are replaced by adequate dummies
(e.g. copper blocks) of similar dimensions as the original components to ensure similar
conditions as the original design provides. For SPDs having protective components connected
in parallel, a number of short-circuit tests equal to the number of different parallel current
paths shall be performed. Each different current path is tested with its protective components
short-circuited as above. This is done in order to simulate all possible failure conditions where
a limited number of components may fail.

The power short-circuit current shall be interrupted within 5 s. 5 s is chosen to be
representative of maximum fault isolation time.
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Annex B
(informative)

MS IEC 61643-12:2012

Examples of relationship between U; and the nominal voltage
used in some systems and example of relationship between U, and U,
for ZnO varistor

B.1

Relationship between U; and the nominal voltage of the system

Table B.1 — Relationship between U; and nominal system voltage

Nominal voltage of the system
according to IEC 60664-1

Examples of U, based on values given in IEC 60364-5-53

Three-phase,

U, min. for SPD
installed between
phase and PE

U, min. for SPD
installed between

U, min. for SPD
installed between

U, min. for SPD

Three-phase, three-wire or PEN in the case installed between
four-wire system or four-wire of TN systems?@ phase and earth phase and earth phase to phase
’ or neutral and or neutral .
neutral earthed system, or between phase . . in case of TT,
unearthed and neutral in earth in the case | and earth in case TN or IT systems
the case of TT of TT systems? of IT systems
systemsa
TT and IT system Case where Case where Case where Case where
TN systems voltage regulation a value of 1,56 x U, |a value of V3 x U, |Vvoltage regulation
is equal to 10 % has been used has been used is equal to 10 %

\% \% \% \% \% \Y
120/208 132 180 229
127/220 220 140 191 220 242

230, 240 240 264

260, 277, 347 347 382

220/380, 230/400 380,400 253 345 400 440
240/415, 260/440 415 286 390 415 484
2771480 440, 480 305 416 480 528

a Higher values may be needed under some conditions (for example, the loss of neutral in TT systems).

B.2

Relationship between U, and U, for a ZnO varistor

The ratio of Up/Uc is an interesting parameter to characterize an SPD. This ratio depends on
the component used. Table B.2 below gives typical values of the ratio Up/U, for ZnO varistor
components which vary as a function of the size of the component and of the applied current

In.
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n UplU; for ZnO varistors

I, (8/20) Diameter U,IU, for ZnO
kA mm
1 14 3,3
2,5 20 3,8
5 32 4.1
10 40 4,6
20 60 4,6

Both lower and higher ratios can be obtained from other technologies. Manufacturers may
provide the ratio for their particular product.

NOTE Other parameters such as surge withstand also vary with technology.
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Annex C
(informative)

Environment — Surge voltages in LV systems

C.1  General

Surge overvoltages occur in low-voltage systems as the result of three types of event:

e natural phenomena such as lightning which can strike the power system directly or induce
overvoltages by striking other objects nearby;

e intentional actions on the power system, such as load or capacitor switching in the
transmission or distribution systems by the utility, or in the low-voltage system by end-user
operations;

e unintentional events such as power system faults and their elimination, or coupling
between different systems such as interactions between power systems and
signal/communication systems.

The surge overvoltages considered in this standard are those exceeding twice the peak
operating voltage (two per unit or 2 p.u.) and having a duration ranging from a fraction of a
microsecond to a millisecond. Overvoltages of less than two per unit are not considered here,
nor are transients of longer duration resulting from power equipment operation and failure
modes. Because such low-amplitude and long-duration surges are generally not amenable to
suppression by conventional surge protective devices, they require different protection
techniques from those discussed in this standard.

This annex presents and summarizes important information on surge voltages in low-voltage
systems from IEC/TR 62066 to facilitate the use of this standard.

C.2 Lightning overvoltages

Lightning is an unavoidable event, which affects low-voltage systems (power systems as well
as signal/communication systems) through several mechanisms. The obvious interaction is a
direct flash on the system, but other coupling mechanisms can also result in a system
overvoltage. Three types of coupling mechanisms are discussed capable of producing
overvoltages in low-voltage systems. While this discussion makes reference to "overvoltages",
consideration of the current associated with the overvoltage, or the current initially causing
the overvoltage is an important aspect of the subject. The three category types are as follows.

a) Direct flashes to the power system, which can occur on the primary side of the MV/LV
distribution transformer, on the LV distribution system (overhead as well as buried), and
on the service drop to individual buildings.

b) Indirect flashes: flashes to nearby objects, which can produce overvoltages in the LV
distribution system by inductive coupling or by common-path coupling. While the
overvoltages and surge currents resulting from such flashes might be less severe than
those associated with a direct flash, their frequency of occurrence is much greater.

c) Direct flashes to the lightning protection system or to extraneous parts of the end-user
building (structural steel, non-electrical components such as water lines, heating and air
conditioning ducts, elevator shafts, etc.). Such flashes have two kinds of effect: inductive
coupling from the lightning currents carried by the extraneous parts, and injection of
lightning current from the building into the LV system made unavoidable by the necessary
provision of SPDs between the LV system conductors and local earth, or the so-called
equipotential bonding of the installation. For a given flash, the severity of the overvoltage
appearing at the end-user facility will reflect the characteristics of the coupling path such
as distance and nature of the system between the point of flash and the end-user facility,
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earthing practices and earth connection impedance, presence of SPDs along the path, and
branching out of the distribution system.

Cc.21 Surges transferred from MV to the LV system

The overvoltage surges generated in the MV system by lightning are transferred to the LV
distribution system in two different manners:

— by capacitive and inductive coupling through the MV/LV transformer;
— by earth coupling.

The transferred surge magnitude depends on many parameters such as:

— LV earthing system (TT, TN, IT);

— characteristics of the LV line and LV load;

— LV overvoltage protection devices;

— coupling conditions between MV and LV earthing;

— transformer design.

In case of direct lightning to the MV line, the surge arrester operation or an insulator spark-
over diverts the surge current through the earthing system and can produce a resistive earth
coupling between the MV and LV systems and an overvoltage is transferred to the LV system.
Depending on the earthing impedance values, this earth coupling overvoltage can be much
higher than the capacitive coupling through the transformer.

In a TN system, if the neutral is also earthed at the customer installation, smaller overvoltages
will occur. It should also be noted that this kind of resistive coupling may be avoided by using
a separate earthing system for the LV part of the transformer.

A typical value of the overvoltage transmitted by capacitive and inductive coupling to the
secondary of the MV/LV transformer side is 2 % of the MV phase-to-earth voltage between
phase and neutral conductors and 8 % between phase conductor and earth. These values are
typical for a loaded LV circuit. When the LV side of the transformer is open, or very lightly
loaded, the values can be significantly higher, depending on the LV system.

Induced lightning surges on the MV system produce much less surge current (usually less
than 1 kA) than direct flashes, and the overvoltages are in practice transferred to the LV
system only by capacitive coupling and do not exceed a few kilovolts. In such cases, the
overvoltage induced directly in the LV system (at least in the part which is not far from the
lightning impact point) is in general higher than the one transferred from the MV side. If an
SPD operates or a sparkover occurs, the current will be small and accordingly the resistive
coupling is negligible.

C.2.2 Overvoltages caused by direct flashes to LV distribution systems

The effective impedance of the lightning channel is high and, accordingly, the lightning
current can practically be considered as an ideal current source. The produced overvoltages
are therefore determined by the momentary effective impedance that is seen by the lightning
current.

For a flash to a line, the voltages are in the first moments determined by the characteristic
impedance (surge impedance) of the line. The current (/) is initially divided in two parts and
the voltage surges (U) generated are:

U=Zx12
where
U is the surge voltage;

Z is the surge impedance of the line;
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1 is the surge current.

If a moderate current of 10 kA and a surge impedance of 400 Q are assumed, it is seen that
the prospective voltage surge is 2 000 kV. On a low-voltage line, therefore, flashovers will
usually occur between all line conductors and in most cases also to earth. After flashover, the
effective impedance is reduced by an amount that depends on the earthing resistances
involved. However, even for a rather low effective impedance as for instance 10 Q, the
voltage will be 100 kV on the line for the 10 kA lightning current assumed for the example.

In a combined overhead line/cable system, the overvoltages will be somewhat reduced due to
the lower surge impedance of cables compared to overhead lines. The amount of reduction
depends on the current duration and on the total capacitance to earth of the system.
However, usually this reduction is not sufficient to avoid overvoltages exceeding normal
insulation levels in low-voltage systems. Accordingly, direct flashes should also generally be
expected to cause damage in such systems.

C.2.3 Induced overvoltages in LV distribution systems

Due to the electromagnetic field changes during a lightning flash, surges are induced in
overhead lines of all kinds even at a considerable distance from the flash. As a crude
approximation the prospective overvoltages (U) on the line can be estimated from this
expression:

U=30xkx (hld)x1I
where

1 is the lightning current;

h is the height of the conductors above ground;

k is factor depending on the velocity of the return stroke in the lightning channel,;
d is the distance from the flash.

The variation of the parameter k is small (1,0 to 1,3).

For a median lightning current of 30 kA and for a line with a height above ground equal to
5 m, the voltage will exceed 5 kV for flashes within a distance of 1 km. A current of 100 kA will
produce a prospective voltage of 1,8 kV even at a distance of 10 km in such a case.

C.2.4 Overvoltages caused by flashes to a lightning protection systems or an area of
close vicinity

When lightning strikes a structure, which is one of several supplied in parallel by a LV power
system, the flow of lightning current into the earth divides among the various paths available.
These include local earth (building earthing), as well as distant earth points through any and
all metallic paths, primarily the power supply cable.

The injected surge current flows from the air terminal of the lightning protection system
through the down-conductor to the earth-termination system. At that point, the lightning
current divides into at least two components, one component flowing into the local earth of the
building, and the other flowing through the power supply cable toward the distant earth
(current may also follow other paths such as metallic pipes and other conductive services).
These currents divide according to the inverse ratio of the impedances. In the initial phase of
the impulse current, the current division is determined by the ratio of the inductances. In the
tail, where the rate of change of current is low, the division is determined by the ratio of the
resistances.

With several buildings electrically connected, the effective resistance decreases, which
means that the portion of the lightning current that flows out of the struck building into the LV
system will increase when more buildings are connected into the string.
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Different practices on earthing the neutral are found in different countries, so that some
differences can be expected in the way the lightning current will disperse among the available
paths. System designers should take these differences into consideration.

The current dispersion among the available paths will produce overvoltages primarily between
the conductors and local earth. Depending on the configuration of the LV installation and the
presence or absence of SPDs, these overvoltages can be large or can be moderate. Results
basically agree with the preceding statements and show the beneficial effect of improved
neutral earthing at the service entrance and the significance of taking into consideration
resistive, inductive, and mutual coupling effects.

It should be noted that the earth potential rise resulting from a direct flash to a building or
structure normally exceeds the insulation level of the low-voltage installation and
consequently produces flashovers and overvoltages that propagate to adjacent buildings
(installations) connected to the same low-voltage distribution network, unless equipotential
bonding SPDs are installed.

Consequently, even a building not struck by a lightning flash can be exposed to overvoltages
due to propagation along the distribution network. Moreover, for a given flash density in the
area, the presence of a tall building, although reducing the probability of direct flashes to
smaller buildings in its vicinity, enhances the probability of conducted overvoltages.

Overvoltages between conductors and local earth stress the insulation of connected
equipment, which wusually has sufficient withstand levels according to IEC 60664-1
recommendations, while the working components of power equipment are stressed by
overvoltages appearing between conductors. At first glance, it might be rationalized that the
most threatening situation would be the overvoltages applied to the working components of
the power equipment. However, overvoltages to earth can become a problem, not so much for
the power equipment insulation, but as a result of shifts in reference potentials between the
power system and the communications system that might be connected to the equipment.

C.3 Switching overvoltages

These stresses, in terms of current, voltage and duration, are usually lower than the lightning
stresses. However, in some cases, particularly deep inside a structure or close to switching
overvoltage sources, the switching stresses could be higher than those stresses caused by
lightning. It is necessary to know the energy of these switching surges to allow the choice of
the appropriate SPDs. The time duration of the switching surges, including transients due to
faults and fuse operations, can be much longer than the lightning surge duration.

Generally, any switching operation, fault initiation, interruption, etc., in an electrical
installation is followed by a transient phenomenon in which overvoltages can occur.
The sudden change in the system can initiate damped oscillations with high frequencies
(determined by the resonant frequencies of the network), until the system is again stabilized
to its new steady state.

The magnitude of the switching overvoltages depends on many parameters, for instance the
type of circuit, the kind of switching operation (closing, opening, restriking), the loads,
the circuit-breaker or fuse.

The frequencies of the oscillations during switching operations are determined by the system
characteristics, and from time to time resonance phenomena can occur. In such cases, very
high overvoltages can be initiated. The probability of resonance with harmonics of the power
frequency of the system is usually low. However, if the characteristic frequency of a switched
part of a system is close to one or more resonant frequencies of the rest of the system,
a state of transient resonance may occur.

© STANDARDS MALAYSIA 2012 - All rights reserved



-70- MS IEC 61643-12:2012

C.3.1 General description

The typical shape of switching surges is determined by the response of the low-voltage
installation. This results in most cases in a ringing wave. The frequency will normally be in the
order of several hundred kilohertz per microsecond. The maximum rate of rise is usually in the
order of some kilovolts per microsecond. The duration of the surges is distributed over a much
wider time range. If switching overvoltages caused by operation of fuses are excluded, the
typical duration (time to half-value) is from 1 us to 50 us. A statistical evaluation shows that
both the amplitude and the probability of occurrence of surges with a longer duration (greater
than 100 us) is low.

C.3.2 Circuit-breaker and switch operations

Circuit-breakers and switches are widely used in every installation either for protecting
electrical equipment by switching off in the case of overload or short circuit, or for controlling
the operation of equipment by switching on and off. The rate of occurrence of switching
operations depends on the field of application with higher rates in the industrial environment
and relatively lower rates in the domestic range.

The switched currents in case of ohmic loads are in the range of the rated current of the
equipment. However, for equipment with switched-mode power supplies, the switched
currents are much higher than the rated current. For instance, in the case of a 100 W
television set, the rated current is 0,4 A whereas the inrush current is approximately 20 A,
which is 50 times higher.

Mechanical switchgear being released either manually or by an electromechanical operation
produces an electric arc during each switching process. A high-frequency oscillation is gene-
rated by the sudden voltage change interacting with the inductances and capacitances in the
environment of the switch. This oscillation is superimposed on the voltage between the line
conductors and between a line conductor and earth, and the total voltage stresses the
insulation of electrical equipment to exposed conductive parts and to other circuits. In contrast
to transient overvoltages transmitted via the public distribution network into the customer's
installation, the switching transients generated within the customer's installation by circuit
breakers and switches affect the electrical equipment without significant attenuation, so the
amplitude of these transients is relatively high.

C.3.2.1 Circuit-breaker and switch operations in the customer's premises

Usually higher amplitudes are generated by switching equipment off compared to switching
on. During switching-off, the switching surge on the load side has a higher amplitude and
energy than on the line side. However, this is mainly a problem with respect to the design of
this kind of equipment, especially for its insulation. If other equipment is connected in parallel,
it will also be stressed. The overvoltage on the line side is of greater importance for the whole
system and for the equipment connected to it than for the load side.

C.3.2.2 Circuit-breaker and switch operations in the supply system (LV and HV)

Transient overvoltages stressing the electrical equipment can be observed in every supply
system. In underground supply systems, nearly all transients are generated by electro-
mechanical switchgear of similar sources.

In high-voltage and low-voltage installations, the switching of inductances such as trans-
formers, impedance coils, contactor coils and relays installed in parallel with the supply
source can cause switching overvoltages with amplitudes reaching several kilovolts. The
same phenomenon exists where longitudinal inductances such as conductor loops and
longitudinal impedance coils, or even the supply system itself is switched off, because of the
self-inductance of the wiring.

© STANDARDS MALAYSIA 2012 - All rights reserved



MS IEC 61643-12:2012 -71-

On the supply side, switching overvoltages can also be caused by the operation of gating
controls, by brush arcing of slip ring motors, by sudden load decrease of electrical machinery
or transformers and by operational switching of capacitor units used for power-factor
correction.

The frequency and energy of such overvoltages could in some rare cases be considerably
higher than those of atmospheric origin as far as the effects on low-voltage installations are
concerned.

Transient overvoltages due to switching in the low-voltage supply can reach amplitudes of
several kilovolts, though it may be assumed that the maximum values are limited due to
certain conditions when operating the low-voltage supply network. In those supply systems
where overvoltage control by protective devices is installed, it can be expected that a
maximum amplitude of 6 kV is generally not exceeded within the low-voltage customer's
installation.

Another phenomenon comparable to switching overvoltages is the occurrence of short circuits
and earth faults in the high-voltage supply. Earth faults can cause a line-to-earth overvoltage
in the fault-free line conductors, in the range of the line-to-line voltage. Furthermore, in such
cases transient overvoltages can also occur. Such transients are transmitted from the high-
voltage to the low-voltage supply.

C.3.3 Fuse operations (current-limiting fuses)

Fuses are widely used in distribution systems and in electrical installations for protection
against overcurrent and for interruption of short circuits. If a fuse operates, for example, in a
distribution system to clear a short circuit, this operation creates an overvoltage which has an
approximately triangular wave shape and is a phenomenon of relatively low frequency.
The overvoltage occurs between the line conductors of the system, and also between line
conductor and protective earth conductor, due to the earthed neutral conductor or, in case of
an IT-system, due to the earth capacitances. Thus, this overvoltage also stresses the
insulation with respect to the exposed conductive parts and to other circuits. Of course, it
occurs infrequently compared with overvoltages caused by switching of operating currents.
This overvoltage is also transmitted via the busbar to other current-using equipment supplied
from the same distribution system.

Compared to other surges caused by operational switching, the occurrence of surges due to
fuse operation is less frequent. However, in the case of interruption of a short circuit, very
severe overvoltage surges can be generated. This is mainly influenced by the rate of rise of
the short-circuit current, the characteristic of the fuse and its current rating, and the
inductance of the circuit.

Clearing of a short circuit in a feeder of a distribution system by a fuse installed near the
busbar is a relevant matter because the overvoltage generated by the switching of the fuse
affects all other current-using equipment connected to the same busbar. Experience based on
statistics has shown that in the public low-voltage supply, such a fault occurs very rarely.
However, this kind of a fault has some relevance when industrial distribution systems are
considered, where the occurrence of a short circuit is not such a rare event.
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Annex D
(informative)

Partial lightning current calculations

According to Figure D.1 a building with a LPS system is struck by lightning. The lightning
current I, will go down the lightning rod into the earthing system of the struck building. This
will cause a potential rise and consequently lead to flashover and/or operation of SPDs in the
installation, so that the lightning current 1, is partly distributed into the four wires of the
system.
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RN Resistance of neutral earthing

Re g Resistance of the earthing of the building struck

Rg,; Resistance of building No. i earthing

Rg g Total resistance of all earthing except the earthing of the building struck
I Lightning current striking the building struck

I Current flowing in the mains

NOTE For this calculation, the resistance of the earthing system of the neighbouring building Rg g should be
equal to, or lower than the resistance of the earthing system Rg g of the building struck.

Figure D.1 — Simple calculation of the sum of partial lightning currents
into the power distribution system
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The distributed partial current 7, will generate overvoltages in the system and installations,
stressing the insulation and connected apparatus. Therefore, not only the struck building is
endangered, but also buildings and installations in the neighbourhood.

The simplified network (Figure D.1 b) and c)) allows a simplified calculation of the partial
current Iy into the power distribution system.

NOTE This calculation is only valid for the energy sharing (tail of the lightning current wave)

The stress, which an SPD will be subjected to under surge conditions, is a function of many
complex and interrelated parameters. These include:

e Location of the SPD(s) within the structure — are they located at the main distribution
board or within the facility at secondary board, or even in front of the end-user equipment?

e Components installed upstream of the SPD — for example fuses, the wiring cross sectional
area etc, may limit the surge handling capability of the whole system and therefore the
maximum stress experienced by the SPD.

e Method of coupling of the lightning strike to the facility — for example, is this via a direct
strike to the structure’s LPS, or via induction onto building wiring due to a nearby strike?

e Distribution of lightning currents within the structure — for example, what portion of the
lightning current enters the earthing system, and what remaining portion seeks a path to
remote grounds via the power distribution system and equipotential bonding SPDs?

e Type of power distribution system — the distribution of lightning current on a power
distribution system is strongly influenced by the grounding practice for the neutral
conductor. For example, in the TN-C system with its multiple earthed neutral, a more
direct and lower impedance path to ground is provided for lightning currents than in an TT
system.

e Additional conductive services connected to the facility — these will carry a portion of the
direct lightning current and therefore reduce the portion which flows through the power
distribution system via the lightning equipotential bonding SPD. Attention should be paid
to permanence of such services due to possible replacement by non-conductive parts)

e Type of waveshape being considered — it is not possible to simply consider the peak
current which the SPD will have to conduct under surge conditions, one also has to
consider the waveshape of this surge.

Many attempts have been made to quantify the electrical environment and “threat level” which
an SPD will experience at different locations within a facility. IEC 62305-4 has sought to
address this issue by considering the highest surge magnitude which may be presented to an
SPD based on the lightning protection level (LPL) being considered. For example, this
standard postulates that under a LPL | the magnitude of a direct strike to the structure’s LPS
may be as high as 200 kA 10/350. Whilst this level is possible, its statistical probability of
occurrence is only 1%. In other words, 99 % of discharges will be less than this postulated
200 kA peak current level.

In addition, an assumption is made that 50% of this current is conducted via the building’s
earthing system, and 50 % returns via the equipotential bonding SPDs connected to a three
wire plus neutral power distribution system. It is also assumed that no additional conductive
service exists. This implies that the portion of the initial 200 kA discharge experienced by
each SPD is 25 kA.

Simplified assumptions of current dispersion are useful in considering the possible threat
level, which the SPD(s) may experience, but it is important to keep in context the assumptions
being made. In the example above, a lightning discharge of 200 kA has been considered. It
follows that the threat level to the equipotential bonding SPDs will be less than 25 kA for 99 %
of the time. In addition, it has been assumed that the waveshape of this current component
through the SPD(s) will be of the same waveshape as the initial discharge, while in reality the
waveshape may have been altered by the impedance of building wiring, etc.
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Many standards have sought rather to base their considerations of the threat level which the
SPD may experience during operation, on field experience collected over time. For example,
the IEEE guide to the environment C62.41.1 and the recommended practice C62.41.2 present
different exposure levels under each of these depending on the location where the SPD is
installed.

From the above, it is apparent that the selection of the appropriate Imax or Iimp of an SPD
depends on many complex and interconnected parameters. The user not only needs to
consider how the injection current will distribute within the structure and its power distribution
system, but also needs to take into account the statistical probabilities associated with the
magnitude of this discharge and the waveshapes involved.

It is important to keep in context that the probability of damage to electronic systems within
the building due to surges entering via power, phone and data lines, is far greater than that
due to a direct strike to the building itself.

Many buildings do not have, or may not require LP systems, and as such the need for high
current Class | SPDs may not be as necessary as a correctly designed Class Il SPD system
with low protection level Up.

When addressing such complexities, one needs to keep in mind that the most important
aspect in selecting an SPD is its limiting voltage performance during the expected surge
event, and not the energy withstand (/;,,, /max: Uogc) Which it can handle. An SPD with a low
limiting voltage will ensure adequate protection of the equipment, while an SPD with a high
energy withstand may only result in a longer operating life.
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Annex E
(informative)

TOV in the low-voltage system due to faults
between high-voltage systems and earth

E.1 General

In the case of a failure on the high-voltage side of the HV/LV transformer (for example, an
internal failure of the transformer or a sparkover of a spark gap, see the following note) a
current, named in that annex I, flows through the earthing resistance R of the transformer.
Depending on the connection between this earth resistance and the low-voltage network a
high Utov(Hv) can stress the low-voltage network for a period equal to the clearing time of the
fault in the HV network (some 10 ms up to hours).

NOTE The temporary overvoltages on the LV side of the transformer may be the result of

— a loss of insulation between HV and LV as a result of an excessively high rise in potential of the HV exposed
conductive parts;

— a direct contact between HV and LV following an internal fault of the HV/LV transformer or a drop of an
HV conductor onto the LV lines;

— a coupling between earth connections resulting in an overvoltage on the LV neutral point and consequently,
the LV conductors and even on the customer's earth connection or the nearby telecommunication system.

For a more detailed discussion of this potential temporary overvoltage condition see
IEC 60364-4-44. In such a case an SPD connected between active conductors and earth
could be overstressed and may not be able to withstand this stress. The following example of
a TT system clarifies this. This can also occur in TN or IT systems (see the other following
examples).
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E.2 Example of a TT system — Calculation of the possible temporary
overvoltages

E.2.1 Possible stresses on equipment in low-voltage installations
due to earth faults in a high-voltage system
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Figure E.1 — Temporary power-frequency overvoltage caused by an earth fault
in the high-voltage system

Definition of impedances

ZEHV Impedance of the earthing arrangement of the high-voltage system (depending on
treatment of the star point in high-voltage system)

ZELV Imped)ance of the earthing arrangement of the low-voltage system (sum of Zg ya and
ZELVB

Z1v, ZN Line-impedance and impedance of the neutral conductor

An earth fault in the HV-system influences voltages in the LV-system if the star point of the
transformer on the low-voltage side is earthed (Figure E.1). Also, where a common earth
conductor of both transformer star points does not exist, an earth fault (breakdown of a
transformer bushing spark gap or a fault inside the transformer) causes a voltage rise of the
LV-system star point. The earth current of the HV-system flowing through the impedance
ZeLva is the reason for that voltage rise at the starpoint of the transformer. Therefore, the
value of Zg ya and the value of the earth current determines the value of the temporary
power-frequency overvoltage in the LV-system.
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E.2.2 Characteristics of the high-voltage system
E.2.2.1 High-voltage systems with limited earth current

By earthing the HV-system with a Petersen coil, the earth current is limited to Igath = 50 A to
60 A to guarantee the self-extinction of the arc.

The residual earth impedance of the HV-system is therefore in the range of Zgyy = 100 Q to
500 Q and the earth current is determined solely by Zgyy. The short-circuit power and the
earth impedance Z ya and Z; yg have no influence.

E.2.2.2 High-voltage systems with low-ohmic earthed neutral

For completely underground systems, limitation of the earth current is no longer an
opportunity for self-extinguishing of the earth current (an insulation fault in the cable damages
the insulation). For that reason an increasing number of HV-systems operate with a low-ohmic
earthed neutral. In general, the earth resistance Zgpyy should limit the earth short-circuit
current to Igarth = 2 KA.

For a HV-system with a rated voltage U, = 20 kV an earth resistance Zgyy = 5 Q meets this
requirement. Small station transformers often do not have expensive overcurrent protection.
Therefore fuses are used to interrupt the short-circuit current. The interrupting time is in the
order of some 100 ms depending on fuse current rating.

E.2.3 TOV in low-voltage system due to faults in the high-voltage system
E.2.3.1 High-voltage system with limited earth current

In LV-systems supplied by a HV-system with limited earth current the impedance of the
earthing arrangement at the transformer should be in the range Zg ya = 2,5 Q to 5 Q. With an
earth current /earth = 50 A, the voltage between neutral and ground rises up to Utoy(Hy) = 125
V to 250 V. In a TT-system this TOV stresses the insulation and the overvoltage protection
elements if installed. The maximum current driven by Utoy(Hy) through an overvoltage
protection element installed between neutral and ground is definitely smaller than 50 A.
Therefore spark gaps between neutral and ground should be able to interrupt small a.c.
currents.

NOTE In some countries the value of UToy(Hy) may be as high as 500 V since the earthing resistance ZELVA
may be as high as 10 Q.

E.2.3.2 High-voltage system with low-ohmic earthed neutral

Assuming that a typical 20-kV-system is given by the following parameters:
ZEHV = 5 Q; Pshort circuit = 100 MVA, U, = 20 kV

and a LV-system characterized by:

ZEwva =1 Q Up =230V
ZELVB = 5 Q Ziy = 2ZN = 150 mQ

a TOV on Zg ya of Utov(Hv) = 1 200 V occurs.

The maximum current through an overvoltage protection element installed between neutral
and ground depends on the ratio of Zg ya to the sum of Zg yg and Zy. For this example, a
current = 200 A can be calculated.
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E.2.4 Conclusions
e An HV-system with limited earth current causes temporary power-frequency overvoltages
in the LV-system UtoyHv) = 250 V for an undefined time.

e The maximum current driven by Uroy(Hv) through an overvoltage element between neutral
and ground = 50 A.

e HV-systems with low-ohmic earthed neutral cause temporary overvoltages in LV-systems
up to Utov(Hv) = 1 200 V.

e The current driven by Urtoy(Hy) through an overvoltage element between neutral and
ground depends on the ratio of the impedance of the earthing arrangement in the
transformer sub-station to the impedance of the earthing arrangement of the LV-system
neutral outside the transformer substation. This current is in the range of some hundred
amperes.

E.3 Values of the temporary overvoltages according to IEC 60364-4-44

The parameters of the system with regard to temporary overvoltage in the particular
application needs to be known by the user for evaluation of the best balance between
protection of the equipment and the potential failure of the SPD. IEC 61643-1 addresses this
point and an optional temporary overvoltage test is proposed which may be performed on the
SPD in order to check that if the SPD fails it should not result in a hazardous condition.

The value of the Utoy(Hy) depends on the fault current I, and the earthing resistance of the
transformer, R. In the case of multiple earthed systems, the resistance is that of the earthing
network as viewed from the point of the fault. The maximum values as defined by IEC 60364-
4-44 are:

Upg + 250 V r.m.s. for durations higher than 5 s

This case relates to HV systems having long disconnection times, for example inductively
earthed HV systems.

NOTE In some countries, the value may be as high as Uy, + 500 V and the duration may be much longer than 5 s.

Ug+ 1200V r.m.s. for durationupto5s

This case relates to HV systems having short disconnection times, for example solidly earthed
HV systems.

The following symbols are used in the drawings (taken from IEC 60364-4-44).
Im: 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 substation

R: resistance of the earth electrode of the exposed conductive parts of the transformer
substation

Up: line-to-neutral voltage of the low-voltage system

Us. fault voltage in the LV system between exposed conductive parts and earth
U4: stress voltage in the LV equipment of the transformer substation

Uy: stress voltage in the LV equipment of the consumer's system

Figure E.11 and the calculations in Clause E.3 are taken from |IEC 60364-4-44. This diagram
illustrates a typical case used in the USA.
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Substation LV installation
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Figure E.2 — TN systems
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Substation LV installation
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Figure E.3 — TT systems
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Figure E.4 — IT system, example a
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Figure E.5 — IT system, example b

© STANDARDS MALAYSIA 2012 - All rights reserved



MS IEC 61643-12:2012 -83 -

Uq Up
HV LV
JR—
| S—
—
|
—
| S—
Ur=RxIn+ Uy
Up = Uy Ut
Im R R
A
z Us=0
1. No fault exists in the LV system
Uq U
HV LV
—
|
—
| S—
—]

N

Uy =Rx I+ Uy V3
Up = Up V3
U
Us=Ra*xIq< UL
Im R ]d RA

2. A first fault exists in the LV system

IEC 1926/08

Figure E.6 — IT system, example c1
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Figure E.7 — IT system, example c2
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Figure E.8 — IT system, example d
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Figure E.9 — IT system, example e1
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Figure E.10 — IT system, example e2
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E.4 Values of the temporary overvoltages for the US TN C-S system
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Figure E.11 — US TN-C-S System

The following discussion is based upon Figure E.11. Shown in the figure is a division of power
follow current for a fault on the high-voltage side of a distribution transformer. In this example,
it is assumed that the earthing resistance of both the transformer and the service entrance
is 15 Q.

U1 = Ug where Ug is the maximum operating voltage of the secondary service.

Z| is the impedance of the line conductors between the transformer and the service panel.

The meter gaps have an impulse sparkover of 1 500 V to 2 500 V.

For the purpose of this example, a typical case has been taken to be representative of a North
American 23 kV/13,2 kV Y distribution circuit having a maximum fault current (/) of 10 KA.
The impedance (Z.) of 0,041 Q is typical for triplex secondary conductors which would be
used with a three-phase installation of 3 kVA to 25 kVA single-phase overhead distribution
transformers. A distance of approximately 60 m of 4/0 AWG (equivalent value according to
IEC 60999-1 is 25 mm?2) copper was used for the calculation. The assumption of the division
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of the fault current is based upon calculations and field measurement during staged fault
conditions of faults on a multigrounded distribution circuit.

For this example Upg =132V
Ui=Up=132V
Uy=Up+0,2x1InxZ =132+0,2x 10000 x 0,04 =214V

Although this shows an overvoltage of 1,78 times the nominal system voltage (1,78 p.u.),
if the assumption is made that R >> Rpg it can be shown, for the same fault condition
described, a value of Uy = 294 V or 2,45 times the nominal system voltage (2,45 p.u.) could
be obtained. This temporary overvoltage (TOV) would last until the fault is cleared either by a
fuse or the opening of an upstream circuit-breaker or reclosers. The operation of these
devices would vary from 0,016 s to 1,5 s depending upon the fault isolating device
characteristic. Shorter lengths of service conductors and lower fault currents would result in
less severe conditions.

Although this example demonstrates that a primary fault can result in a TOV as great as
2,45 per unit of the nominal system voltage, it is an extremely rare condition. It is very
uncommon for distribution circuits to have actual fault currents of 10 kA. The bulk of the fault
currents on distribution circuits is less than 4 kA. Thus, the TOV would be greatly reduced.
Long secondary services are an unusual condition. Shorter service lengths would result in
lower overvoltages. In general, secondaries do not exceed 30 m. Therefore, if the fault current
was 4 kA and the secondary less than 30 m the TOV would be approximately 1,24 per unit of
the nominal system voltage or 148,4 V.
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Annex F
(informative)

Coordination rules and principles

F.A General

As described in 6.2.6, coordination between SPDs is made to achieve the energy criterion.
This is based on the maximum energy withstand of the second SPD. However, this energy is
sometimes dependent upon the waveshape and the tests, as described in IEC 61643-1.
Coordination is generally performed with only one waveshape (8/20 for example for class Il
tests). For this reason, it is better and easier to get this value Eyax directly from the
manufacturer (most of the time it is printed in the technical documentation).

Two values are necessary to define satisfactorily the energy withstand of an SPD:

— FEmax s for short-duration current waveshapes, for example, 8/20 (class Il tests);

— Emax L for long-duration current waveshapes, for example, class | test waveshapes.

These two values Eax s and Eqax L may be equal for some technologies.

The SPD is then characterized by two currents I,5x for short waves (as used for class |l tests)
and Iimp for long waves (as used for class | tests), associated with the energy withstand Enmnax s
and Emax L.- A simple SPD may then be tested according to class | test and class Il test.

It is necessary to co-ordinate SPDs 1 and 2 using their maximum energy withstand E\,5x for
the relevant surge waveshapes. That means that it is necessary to deal with two cases:

e coordination with long-duration waveshapes;

e coordination with short-duration waveshapes.

In general, coordination is easier to achieve with short waveshapes.

NOTE For switching type SPDs it is necessary to deal also with a long front time. Such a matter is under
consideration in IEC technical committee 81.

F.2 Analytical studies: simple case of the coordination
of two ZnO varistor based SPDs

F.2.1 General

The following considerations apply only to one-port limiting type SPD tested to class | and Il
where the curve Ugs (1) is known. These curves are measured using an 8/20 waveshape and
are given by the manufacturer in the SPD technical documentation. Class Ill and two-port
SPDs need special attention (under consideration).

The example given below is to help in the understanding of the coordination issue. It deals
firstly with the case of the SPDs 1 and 2 being made of ZnO varistors where an analytical
study is possible. It should be noted that such an analytical study is based only on current
sharing. To make sure that the energy criterion is fulfilled, additional calculations, which are in
general rather difficult to make, may be needed.

e |f the two varistors have the same diameter (and so have the same nominal discharge
current /, and the same energy withstand: same Inax and same [imp) but have different
voltage protection levels Upq and Uy, (different thicknesses), we have then the following
equations:
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In1 = In2
Imax1 = Imax2
Iimp1 = Iimp2

Then the possible curves U,gg(7) are illustrated in Figure F.1.

Ures a (In)
Uresb (In)

Urefa
Urefb

1mA limp In Imax i

IEC 1931/08

Figure F.1 — Two ZnO varistors with the same nominal discharge current
If Up1 > Upy: in this case, curve a) corresponds to SPD 1 and b) to SPD 2.

This coordination will be in general acceptable with short waveshapes if / > a few metres
(typically between 5 m and 10 m).

With long waveshapes the decoupling effect is reduced; therefore SPD 2 may have to with-
stand the total incoming surge i. SPD 2 is able to withstand the total stress as it has the same
design as SPD 1.

If Up1 < Upy: in this case, curve a corresponds to SPD 2 and b to SPD 1 and so most of the
current will flow through SPD 1. In this case the current flowing through the second SPD will
be less than the impinging current.

The energy criterion is fulfilled in both cases as both SPDs have the same current-carrying
capability.

This first case was discussed in order to explain the mechanism as there is little to be gained
by having two SPDs with the same energy withstand capability.

o |f the two varistors have different nominal discharge current

For this application a practical case is: Iy1 > In2 and Emax1 > Emax2- In addition, SPD 1 and
SPD 2 can have characteristics such as Ures1 (In1) < Ures2 (In1)- Then the Ures (1) curves are
illustrated in Figure F.2. No impedance is present in this figure as it is not easy to take care of
it in an analytical study. In this case, it can be seen from Figure F.2 that with a short
waveshape the coordination will be good as most of the current will flow through the first SPD.
But with long waveshapes the coordination could be difficult to determine. The coordination,
with a long waveshape and a magnitude of the incoming current lower than the current at the
crossing point (see Figure F.2) of the two curves, may not be achieved. A greater part of the
incoming current flows through SPD2 as the U,eg2 curve is lower than U,egq1 at this level of
current. An inductance therefore becomes necessary between the two SPDs.
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Consequently, it is necessary to compare the curves U,gg (i) with 7 from 0,1 X Iy up to Imax1
to check if they cross each other, instead of just comparing Ures1 (/n1) and Ures2 (In2) (Up1
and Upy respectively) which are given in the manufacturer's technical documentation.
The current value at this crossing point I, (if any), needs to be as low as possible.

In this case, the energy criterion has a high probability of being fulfilled, the lower I, the
higher the probability of success. If there is any doubt, the calculation of the energy through
the second SPD is necessary taking care of the impedance between the SPDs and of the long
waveshapes. Such a calculation is not easy to perform analytically.

If it is not possible to get these curves because of a lack of information or because a simple
and quick result is needed then it is necessary to compare the curves Uiggq and Upego at the
same level. In such a case, the condition for an easy and good coordination is Uegq (In2) <
Ures2 (In2)- The conservative curves (illustrated in Figure F.2) meet the case but, of course,
with such a varistor there will perhaps be an unnecessary margin. In addition, this varistor
may have a problem to withstand stresses coming from the network as a temporary
overvoltage.

Anyway in this case, even if the current in the second SPD is low, the energy criterion may
not be fulfilled for long-duration surges. Additional calculation of the energy through
the second SPD may be necessary. In addition, it is necessary to check that the protection of
the equipment is still obtained (as a low current in SPD2 may lead to a high voltage due to the
non-linearity of the varistor).

U
a
b
|
i |
| ! c
- 1 |
|
|
[N} :
.
[
| |
| : : |
| I |
| I |
| i ]
0 1imp1 Ier In1 Imax1 i
In2
-
d e IEC 1932/08

Key

a Curve corresponding to SPD2

b Curve corresponding to SPD1 (curve crossing curve for SPD2)

¢ Conservative curve corresponding to SPD1 (curve not crossing curve of SPD2)
d Surge current range for long-duration waves

e Surge current range for short-duration waves

Figure F.2 — Two ZnO varistors with different nominal discharge currents

F.2.2 Conclusion

In every case where two ZnO varistors need to be co-ordinated, the following five-step
procedure should be used.
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a) ldentify the overvoltages expected to occur in the absence of any SPD and make a
distinction between long waveshapes and short waveshapes.

b) Choose SPD1 in order to be able to withstand this stress. If it is not possible to get
information at step a), use a sufficiently dimensioned SPD (see risk analysis) and obtain
from the manufacturers the values I/max1 and flimpq1. Then consider these values alongside
the data given by a).

c) SPD2 should then be selected according to its desired protective characteristics.

d) Compare the curves Urgg(l) with 7 from 0,1 X I, up to Inax1. Then determine the crossing
point /.. If this current I is low enough (typically 0,1 x I,2) then it is not necessary to
calculate the energy in the second SPD. The energy criterion will be fulfilled whatever the
distance between the SPDs. If there is any doubt, calculate the energy through the second
SPD taking into consideration the impedance between the SPDs and check the energy
criterion. If such curves are not available then choose SPD 2 with the following simplified
requirements.

If SPD2 has the same nominal discharge current: Uyest (In) < Ures2 (/n)-
If SPD2 has a smaller nominal discharge current: Urest (In2) < Ures2 (In2)-

It would then be wise to calculate the energy in SPD2 to check the energy criterion and to
check that the protection is still obtained.

e) Repeat until step c) gives a satisfactory result.

NOTE 1 The values of voltage at very low current (generally called reference voltage) are not applicable for
coordination.

NOTE 2 In any case (with or without ZnO varistors) EMC (electromagnetic compatibility) considerations require
that the current flowing through SPD2 be as small as possible

NOTE 3 The curves Ugg(l) are maximum values. It is necessary to take into consideration the variation in
characteristics due to manufacturing tolerances.

NOTE 4 The previous studies can be generalized to more than two SPDs.

F.3 Analytical study: case of coordination between a gap-based SPD
and a ZnO varistor based SPD

F.3.1 General

Another commonly used case is the use of a gap as SPD1 with a ZnO varistor as SPD2.
See Figure F.3. In this case the coordination is achieved when a sparkover occurs before
SPD2 is overstressed.

Before this sparkover, we have
Uq = Urego (i) + L x di/d¢

As this value Ueg2(i) is not known in general, the following formula is used which gives a
conservative result:

Uq = Uref2(i) + L x di/dt

where U2 is the reference voltage of the ZnO varistor 2. This reference voltage is a para-
meter characterising the varistor and which is very close to the knee point of the U versus i
characteristic.

As soon as U4 exceeds the dynamic sparkover voltage of the gap (named Ugyp in this annex),
coordination is achieved, and just a small part of the current flows through the second SPD. It
depends on the characteristics of the ZnO varistor (SPD 2), the dynamic sparkover voltage of
the gap (SPD 1), the rate-of-rise and magnitude of the incoming surge, i, and the separation
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distance, d, between the SPDs (the inductance, L, part of the impedance Z is used as R is
assumed to be negligible in this case).

F.3.2 Example of the calculation of the estimated values required for a decoupling
inductance between a gap and a varistor

The limitation of physical space within, for example, a modern cellular radio base station is
such that a downstream MOV-based SPD may limit transients at a voltage level well below
the trigger voltage of an upstream gap-based SPD. This will prevent operation of the gap and
allow all the incident energy to reach the MOV-based SPD. In a larger space, the cabling
distance between SPDs will be longer, and hence may provide sufficient inductance to spark
gap operation.

There always remains the possibility that the incident transient has dispersed through parallel
paths to the degree that there will be insufficient voltage to trigger the gap. In this case the
downstream SPD shall have a sufficient rating to absorb the total energy on its own.

At higher energy levels, non-operation of the spark gap will allow excess energy to reach the
downstream SPD and cause its destruction. Coordination is achieved by ensuring that there is
sufficient series decoupling impedance to ensure gap operation at all energy levels above the
limit of the downstream SPD.

The value of inductance required to ensure coordination can be calculated simply. Firstly, the
parameters of the gap need to be known. Spark gaps will typically trigger below 4 kV and
within 200 ns.

Secondly, the downstream SPD parameters should be known. A typical unit rated 275 V a.c.
would start limiting at approximately 430 V. It might have an I, of 5 kA based on class Il
testing using an 8 us to 20 us.

However, it must be remembered that the gap is rated for class | testing assuming a 10 ps
to 350 ys or equivalent long tail impulse. The peak current of the downstream SPD must be
derated to cater for the additional energy of this class of impulse. The derating factor is
assumed to be 4:1. Therefore, the peak current rating reduces from 5 kA to 1,25 kA. A 10 us
rise time produces a di/d¢ of 125 Alus.

The required inductance to ensure reliable operation of the gap can now be calculated from
the equation:
U=Lxdildt+1IxR
where
U is the spark gap trigger voltage;
di/dt is the rate of rise of the incident impulse;

Ix R is the voltage drop across the downstream SPD (note that R is a non-linear value).

U-IXR
di/dt

In the case L=

Assuming the gap will trigger within 200 ns the current flowing into the downstream SPD will
be

1=0,210x1250 A=25A

The voltage 7 x R would be in the order of 600 V

Therefore
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_ 4000 - 600
125 x 109
or L =272 uH

L

This inductance may be a single lumped value, a 27,2 m length of power cable assuming an
inductance of 1 uH per metre length, or it may be a combination of a length of cable and
an inductor of lower value.

IEC 1933/08

Key
L Inductance

Figure F.3 — Example of coordination of a gap-based SPD and a ZnO varistor based SPD
Using this example, general conditions can be obtained to design this kind of coordination.

F.3.3 Conclusion

When the gapped SPD 1 has been chosen, it is necessary to select the SPD 2 by fulfilling the
requirement:
— for an incoming surge corresponding to a class | test wave:
Udyn < Uref2 + L X Ipeak2/10
— for an incoming surge corresponding to a class Il test wave:
Udyn < Uref2 + L X Imax2/8

These rules give a conservative result. When a smaller value of L is unavoidable, a computer
simulation is needed to check if coordination is achieved.

NOTE Other cases can give more severe results, especially using longer wavefronts which are under
consideration. IEC Technical Committee 81 is presently studying a longer front time: 100 pus.

F.4 Analytical study: general coordination of two SPDs

The study of the case of two varistors or of the gap-ZnO scheme clearly shows the complexity
of the problem of coordination. Allowing for the fact that the curves u versus i are rarely
known and that in reality it is necessary to deal with wide tolerances, it is clear that analytical
studies are just dedicated to simple cases. As soon as the energy through the second SPD
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needs to be calculated, it is easier to perform a simulation. The main interest of such an
analytical method is to allow the user to better understand what the phenomena are.

Whatever the SPD technology, the general rules given above and especially the energy
criterion presented in 6.2.6 are still applicable.

To achieve an acceptable coordination generally requires simulations or tests to be performed
by the manufacturer or by the user or use of the simplified method presented below.

It is possible that SPDs of unknown characteristic may be internally located in equipment.
Since equipment may be changed during the life of the installation, care should be exercised
to ensure that the equipment SPD is not overstressed due to the lack of coordination.

F.5 Let-through energy (LTE) method

F.5.1 General

The coordination with standard impulse parameters, as described in IEC 62305-4, is a procedure
to select and co-ordinate SPDs. The main advantage of this method is the possibility of
considering an SPD like a black box (see Figure F.4). Here, for a given surge at the input port not
only the open-circuit voltage, but also an output current (for example, into a short circuit) is
determined (principle of "let-through energy"). These output characteristics are converted into an
equivalent "2 Q-combination wave"-stress (open-circuit voltage 1,2/50, short-circuit current 8/20).
The advantage is that there is no need for special knowledge of the internal design of the SPDs.

o Y — — ¢
@ In SPD1 | Out | U® 10 (@ 8/% In |SPD2
*

. —o -~ —

CWG

U

Conversion into a comparable standard impulse — 1,2/50, 8/20 with Z; = 2 Q.

IEC 373/02

Uyc SPD1/out < U, SPD2/in
Key

U Load voltage

Figure F.4 — LTE - Coordination method with standard pulse parameters

The aim of this coordination method is to make the input values of SPD2 (for example,
discharge current) comparable to the output values of an SPD1 (for example, voltage
protection level).
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With stepped protection, it shall be considered that the equivalent input hybrid impulse which
can be discharged by the following SPD (without damage) is equal to, or higher than,
the equivalent output hybrid impulse of the preceding SPD.

For reliable coordination, the equivalent hybrid impulse shall be determined for the worst case
of the stressing (/max, Umax, let-through energy).

The worst case for the design of the decoupling element is given by a short circuit. But for
coordination purposes this is too strenuous. It is more realistic to include a "load side voltage"
(called hereafter “counter voltage").

The SPD downstream of a spark gap usually consists of a ZnO varistor. The residual voltage
of such an SPD is in any case higher than the peak value of the nominal power supply voltage
(for example, in an a.c. system with a nominal voltage of 240 V the peak power voltage is
V2 x 240 = 340 V, which is below the reference voltage of the installed SPDs). This peak
nominal power supply voltage corresponds to the lowest possible residual voltage of SPDs.
Therefore this peak voltage can be taken as the minimum possible counter voltage. Using the
current in a short circuit instead of assuming a counter-voltage would result in an over-
dimensioning of the decoupling element.

NOTE 1 This method provides good results when the characteristics of SPD 1 are so different from those of
SPD 2 that the surge conditions on SPD 2 are quasi impressed current conditions, for example in case of the
coordination between a spark gap and an MOV, this condition is fulfilled.

NOTE 2 Restrictions on the use of the method are as follows:

— to be sure to get a conservative result, the decoupling element should be included in the method as a part of
the second SPD;

— to be sure to get a conservative result, the "counter-voltage" proposed should be equal to 0 where the second
SPD contains a switching component;

— when the second SPD contains a switching component there is a possibility that the result is underestimated
due to this method not being truly realistic in modelling the switching component. In such case, care shall be
used in the application of the method;

— the waveshape of the surge injected at the entrance of the installation should be considered as having a
current waveshape and a voltage waveshape which are equal (10/350 or 8/20). The magnitude of the surge
current i is in general known. The magnitude of a surge voltage U depends on the surge impedance of the
system;

— the study should take care of the tolerances on the SPD characteristics.
F.5.2 Method

The method described below generally gives a conservative value for the decoupling element
(impedance) between the two SPDs. This means that, if such an impedance is installed
between the two SPDs, the coordination will generally act better than predicted by the
calculation.

The method: the basis of this method is to represent the output of each SPD as an equivalent
combination wave generator (CWG), defined by a no-load voltage Uy 1,2/50 and a short-
circuit current /3¢ 8/20, the impedance of the generator being 2 Q (Uge = 2 X I5¢).

SPDs tested according to class lll tests are already tested by such a CWG. In the case of
SPDs tested according to class Il tests it is necessary to consider that I5c = Inax-

The SPD at the front may be tested according to class | tests in the case of direct lightning on
the structure or according to class |l tests.

The voltage at the output of each SPD will have in general a waveshape which is not directly
connected to the waveshapes 1,2/50 and 8/20. It is then necessary to normalise the actual
waveshapes in order to convert them in the 1,2/50 and 8/20 waves

This is done by calculating the following values:
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crest value of u = 4, [u dt and Ju2 dt

crest value of i = 7, [i dr and [i2 d¢

NOTE The units used in the formulae and in the tables should be consistent.

These values are then used in Table F.1.

Table F.1
Voltage i Ju dr [u? dt
Current i [i de [i2 dr

The same table for a CWG with an amplitude of 1 V (Table F.2) is:

Table F.2
Voltage 1 70 x 10-6 6 x 10-3
Current 0,5 12 x 10-6 2 x10-3

So dividing each cell of Table F.1 by the equivalent cell of Table F.2, we get a new table,
Table F.3:

Table F.3
Voltage i Ju dt 1 (70 x 10-6) fu? de/(6x1073)
Current ix2 | [idel (12 x10-6) [i2 dt1(2%1073)

The maximum value in Table F.3 gives the value Uyc (cwa), the equivalent value of Uy of
the CWG corresponding to the output of the SPD.

As soon as the downstream SPD has been tested according to the class Il tests with a CWG
having a no-load voltage Ug. test (Or an equivalent CWG in case of class Il tests), it is possible
to say immediately if the coordination is satisfactory. It is sufficient to check that

Uoc test > Uoc cWG-

The value at the output of the SPD, for a given stress at the input, has to be calculated by
using simulation software. It does not need to be calculated each time as such values may be
calculated by the manufacturer. For each product, the manufacturer may calculate the output
equivalent CWG impulse for a given stress (/jmp for class | tests or /max for class Il tests or
Uoe max Of the CWG for class Ill tests) taking care both of the tolerances on the SPD
characteristics and any blind spot (sometimes the most important stress at the output of the
SPD is not given by the maximum values limp, Imax @nd Uoc max but for lower values).
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Annex G
(informative)

Examples of application

NOTE This annex presents hypothetical systems for domestic and industrial facilities as well as for a radio tower
application in which SPDs are installed. This annex is intended to provide information about the selection of SPDs
in limited situations to illustrate the application principles contained in this standard. It is not intended to address
the unique aspects of the conditions that exist in all facilities or systems.

G.1 Domestic application

MV network: overhead line 10 km.

LV (230/400 V) network: overhead line 1 000 m; underground cable 200 m.
Ng: 2 strikes/km?2/year (see 4.1.1).

Location of the structure to be protected: on a flat area.

Structure of the electric installation: installation protected by an RCD type S at the entrance
(withstand 3 kA 8/20, see 6.2.4.3). The short-circuit current capability at the entrance of the
installation is 3 kA. There is a main electrical board at the entrance of the house (ground floor)
and one subsidiary electrical board on the first floor.

Earthing of the structure to be protected: 50 Q.
Earthing system of the LV network: TT system. One phase and neutral distributed.

Nature of devices to be protected: electronic washing machine, computer, alarm at the
entrance, video tape recorder and TV set, etc.

Due to the risk analysis (see Clause 7) it is probable that there is some interest in using SPDs
(high value of Ng, overhead lines both on MV and LV side of the transformer, electronic
devices, etc.).

Due to the overhead lines medium lightning currents are expected => nominal discharge
current (Iy) = 5 kA 8/20 per wire at the entrance.

At the entrance, an alarm is to be protected (sensitive equipment) => U, < 1,5 kV. This may
be achieved by a one-port SPD (see 3.25) tested by class Il tests with Up=1,5 kV.

At the entrance, the short-circuit current capability is 3 kA r.m.s. => short-circuit withstand of
the SPD =3 kA r.m.s. (see 5.5.4). For this the manufacturer recommends use of a fuse or the
short-circuit breaking characteristics of an RCD circuit-breaker (back-up protection). If an
RCD type S circuit-breaker is used at the entrance, the continuity of service is not assured for
incoming surges in excess of 3 kA 8/20.

No additional protection against indirect contact is needed due to the presence of the RCD.
A thermal disconnector is incorporated in the SPD itself (see 6.3.1).

As it is a TT system and in order to avoid too high a stress between phase and neutral: it is
recommended that an SPD having three modes of protection be used (phase to neutral,
neutral to earth and phase to earth; see 6.1.1).

The other devices to be protected need only protection between phase and neutral as the
earth is not connected to them, except the washing machine where the earth is present for
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safety purposes. In this case, protection between phase and earth and neutral and earth may
be necessary.

NOTE Additional protection may be necessary if the TV antenna is earthed.

As the distance between the SPD at the entrance and the other devices, especially on the first
floor, is high (10 m and 20 m respectively), other SPDs are necessary close to the devices to
be protected (6.1.2). One should be located close to the washing machine and another one
close to the video tape recorder and TV set. Another one is connected at the first-floor
electrical board but could be connected direct on the computer plug as well (distance is small
between this panel and the computer).

The other SPDs should see a lower surge current. Also 7, = 2 kA class Il tests is sufficient.
Up = 0,8 kV is then proposed in the manufacturer’s catalogue.

The distance of 20 m is sufficient to provide decoupling between the SPD located at the
entrance and the first-floor one. But the 10 m between the entrance SPD and the other
ground-floor SPDs is not sufficient to provide adequate decoupling due to the low value of
Up = 0,8 kV (see 6.2.6). It is then better to choose another SPD with U, = 1,5 kV, for example,
for the other ground-floor SPDs.

For these SPDs, the short-circuit current at their location is low and the manufacturer has
incorporated the necessary disconnectors (thermal and short-circuit). See Figure G.1.

TV antenna
MV /@ Phase |\,
gl NS
10 km | Neutral

—1km ——|

L1
) RN
n
1 p -

50 Q
F—200m —
ml First-floor electrical board
SPD Computer
20m
Main
electrical
board 10m
SPD SPD
h}fRCD ] Alarm — .
Stype [* Video and -
SPD TV set
Washing
TV antenna machine

IEC 374/02
Figure G.1 — Domestic installation
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G.2 Industrial application

MV network: overhead line 10 km

LV (230/400V) network: underground cable 2 runs of 100 m
Ng = 0,5 strikes/km?/ year (See 4.1.1)

Location of the structure to be protected: on a flat area
Structure of the electrical installation:

MV/LV transformer inside the main building (MB)

LV TN-C power distribution system feeding a three phase main distribution board MDB at the
Main Building MB. A TN-C system supplies three phase power to a separate buildings B1, and
a TN-C-S system supplies three phase power to building B2. Both B1 and B2 are located
some 100 m from building MB.

Equipment to be protected:

Main building MB - power supply (MV/LV transformer) industrial manufacturing plant
including air conditioning plant, factory lighting, industrial motor controllers, variable speed
drives and computer numerically controlled (CNC) lathes.

Building B1 - general office equipment including, photocopiers, facsimiles, local area
computer network, telephone switchboard (PABX) located close to DB1.

Building B2 — process and control equipment including, programmable logic controllers (PLC)
for plant management, supervisory control and data acquisition (SCADA) system, weight
bridge equipment, monitors, generally located some 50 m away from DB2.

Earthing of the structures: earthing for buildings MB is measured to be 11 Q and local earth
for buildings B1 and B2 are 49 Q and 51 Q respectively each given a total earthing system
resistance of approximately 7 Q when connected by the TNC PE conductor. There is an
Equipotential Bonding bar EB, EB1 and EB2 in each of buildings MB, B1 and B2 respectively.

Risk Analysis (see Clause 7): The facility is reasonably unexposed to direct strike lightning
influence but the MV/LV transformer itself may need to be protected on the MV side using MV
arrestors (because of the use of MV overhead line with an inherently high exposure). Surge
currents can still flow through the local earthing system due to transformer’s earth potential
rise, and LV SPDs are necessary at the LV side of the transformer as well as at the entrances
to buildings B1 and B2.

Protection philosophy: A risk analysis would typically classify the need for continuous
operations of such an industrial facility to be of a ‘critical nature’. As such, distributed surge
protection should be used throughout the facility to provide primary point-of-entry protection at
the main distribution board MDB, as well as at the separate distribution boards DB1 and DB2
in each of buildings B1 and B2.

Main Building — SPDs are connected inside the main distribution board between each phase
and the main equipotential bonding bar EB. These LV SPDs should be tested in accordance
with test Class Il. For example a nominal discharge current I, of 10 kA (same rating as the
MV arrester) with a voltage protective level Upq < 1,2 kV, may be used in this location to
ensure coordination with the additional SPDs used downstream, see below.
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The short circuit withstand (and the follow current interrupting rating in case of switching type
SPD) of the SPDs needs to be coordinated with the prospective short circuit current at the
MDB. This can be achieved using disconnectors which may either be external series
connected over-current devices specified by the manufacturer (such as fuses, circuit
breakers...), or internal to the SPD.

There are various types of equipment inside the building with different voltage withstand
capability including sensitive equipment (withstand voltage U,, = 1,5kV according to
IEC 60664-1). The equipment is located 30 m away from the SPD installed at the facilty
entrance. This could then result in oscillations (see 6.1.4).

In such a case, the voltage level of the equipment may be a maximum of 2* Upq, Up4 being
the protective level of the entrance SPD. In this example, which describes a worst case
scenario Upq should be lower than 1,5 kV*0,8/2 (i.e. 600 V), according to 6.1.4. Due to
possible TOVs such a low protection level may increase the probabilty of failure of this SPD
and one may prefer to select an entrance SPD having a higher Up (less sensitive to TOVs) for
example Upq - 2,5 kV. In such a case an additional SPD with Upy < 1 200 V (0,8*Uy), is
required in front of the equipment (Eq). The division by 2 is no longer necessary due to the
close proximity to the sensitive equipment.

If an SPD of a lower Upq is used (Up1 < 600 V), the second SPD is not necessary. This
process addresses the voltage withstand U,, of the equipment (insulation coordination).

Lower voltage protection level U, (either Up; if two SPDs are used or Uy if a single SPD is
used) may be necessary to avoid malfunction of equipment (see note on 6.1.4, consideration
of impulse immunity).

The lead length connecting SPD1 to the EB doesn’t meet criteria from 6.1.3. For that reason,
an additional conductor between SPD1 and PEN is used. The lead length connecting SPD2 to
PEN meets criteria from 6.1.3 so no additional conductor is used.

Protection of data and control circuit is based on IEC 61643-22.

Building 1 — Given that the distance of B1 from the MB is 100m, test class Il SPDs (SPD3)
should be connected between each phase and the equipotential bonding bar. Assume that a
nominal discharge current /, of 5 kA and a voltage protective level U, < 1 kV is used in this
location (< 1 kV is needed due to sensitive equipment installed in B1. As the building is small
and the equipment is located close to DB1 there is no need to take care of voltage doubling
effect, see 6.1.4). This addresses voltage withstand U,, of the equipment (insulation
coordination). Lower voltage protection level U, may be necessary to avoid malfunction of
equipment.

The lead length connecting SPD3 to the EB1 meets criteria from 6.1.3 so no additional
conductor is used.

Protection of data and control circuit is based on 61643-22.

Building 2 — As with B1, B2 is located some 100m from the MB and SPDs (SPD4) should be
connected between each phase and the PE conductor/bar PEN conductor/bar. These LV
SPDs should be tested in accordance with test Class Il . Assume that a nominal discharge
current [, of 5 kA and a voltage protective level Up < 1,2kV is used in this location.

There are various types of equipment inside the building with different voltage withstand
including sensitive equipment (withstand voltage U,, = 1,5 kV according to IEC 60664-1). The
equipment is located 50 m away from the entrance SPD. This could result in oscillations (see
6.1.4). In such a worst case scenario the voltage level at the equipment will be a maximum of
2* Up1, Upq being the protective level of the entrance SPD. According to 6.1.4 Up4 should be
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lower than 1,5kV*0,8/2 (i.e. 600 V). Consideration on TOV applies as in Building 1. The
entrance SPD (SPD4) may have a Upq as high as 1,2 kV. In such a case an additional SPD
(SPD5) with Uy, lower or equal to 1200 V (0,8* Uy), is necessary in front of the equipment Eq.
If a lower Upq is used (Upq < 600 V) the second SPD is not necessary. This process
addresses the voltage withstand U,, of the equipment (insulation coordination). Lower voltage
protection level U, (either Up; if two SPDs are used or Upq if a single SPD is used) may be
necessary to avoid malfunction of equipment (see note on 6.1.4).

If an additional SPD is needed close to the portable equipment (SPD5) it should provide
protection between each phase and neutral and between neutral and PE. This is required to
cover the risk of a potential rise in the neutral conductor, resulting from the equipment being
50 m away from the neutral-PE bond in DB2 — see Figure K.5.

The lead length connecting SPD4 to EB2 and the lead length connecting SPD5 neutral to PE
meet criteria from 6.1.3 so no additional conductors are used.

Protection of data and control circuit is based on IEC 61643-22.

See Figures G.2 and G.3.
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e |MPB
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EB| ]
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IEC 1934/08
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B1, B2 Building 1, 2
MB Main building
EB Equipotential bonding bar

MDB main distribution board
DB distribution board

Eq Load equipment

Figure G.2 - Industrial installation
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Figure G.3 — Circuitry of industrial installation
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G.3 Presence of a lightning protection system

Radio tower equipped with a lightning protection system

MV network: overhead line 10 km
LV network: overhead line 500 m
Ng: 6 strikes/km2/year

Location of the structure to be protected: on the top of a hill

Structure of the electric installation: the neutral is grounded at the bottom of the hill
Equipment grounded to the local protective earth

Earthing of the structure to be protected: 10 Q

Earthing of the MV/LV transformer: 10 Q
Earthing system of the LV network: TT system; one phase and neutral distributed
Nature of devices to be protected: electronic equipment

Due to the critical nature of the installation (risk analysis, see Clause 7) it is necessary to use
SPDs tested according to test class I. SPDs are connected between phase and the local
earth, between neutral and the local earth and between phase and neutral. As calculation for
sharing of current has not been carried out, these SPDs should be tested according to test
class | and have a current capability of 25 kA as they will have to discharge a significant
portion of the direct lightning current striking the tower (See Annex D). Another SPD with the
same current ratings may be used at the opposite side of the overhead line to protect the
transformer. The protective level of the SPD close to the sensitive equipment should be lower
or equal to 1,5 kV for example (lower values may be necessary to cover impulse immunity)
and the SPD close to the transformer may have a protective level of up to 6 kV (typical
transformer insulation withstand based on insulation coordination).

It may also be necessary to use an SPD on the MV side of the transformer. This is addressed
in IEC 60099-5.

See Figure G.4.
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Figure G.4 — Example for a lightning protection system
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Annex H
(informative)

Examples of application of the risk analysis

The simplified risk analysis method described in IEC 60364-4-44 is described below. There
are basically two cases:

— Where an installation is supplied by or includes an overhead line and the keraunic level of
the location is greater than 25 days per year, SPDs at the entrance of the installation shall
be provided.

— Where one of the above conditions is not fulfilled (for example keraunic level lower than
25 or underground cables), there are different levels of consequences to consider:

A Consequences related to human life (direct influence of lightning on life, e.g. safety
services, medical equipment in hospitals)

B Consequences related to public services (loss of service to a great number of people
or loss of national heritage, e.g. IT centres, museums)

C Consequences to commercial or industrial activity (loss of production, economic
losses ..., e.g. hotels, banks, industries, commercial markets, farms)

D Consequences to groups of individuals (with no direct impact of the lightning on
safety of people, e.g. large residential buildings, churches, offices, schools)

E Consequences to individuals (with no direct impact of the lightning on safety of
people, e.g. residential buildings, small offices)

For the level of consequences A to C SPDs at the entrance of the installation shall be
provided.

For the level of consequences D and E the requirement for protection depends on the result
of a calculation. The -calculation shall be made using the following formula for the
determination of the conventional length 4.

Protection is recommended if:
d>dc

d is the conventional length in km of the supply line of the considered structure with a
maximum value of 1 km. This distance is related to the first node i.e. where the systems
splits in at least two ways thus reducing the stress. An SPD located at a junction box is
also considered as a node.

dc is the critical length;

dc in km is equal to 1 for level of consequences D;

Ng

2
and equal to N_ for level of consequences E.
g

where Ny is the frequency of flashes per kmZ2 and year;

NOTE 25 thunderstorm days per year are equivalent to a value of 2,24 flashes per km? and year. This is derived
from the formula

Ng=0,04 742

where
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T4 is the number of thunderstorm days per year.

d=d1+d2/4 +d3/4
By convention d is limited to 1 km,

d1

Length of the LV overhead supply line to the structure, limited to 1 km

d2 = Length of the LV underground not screened line of the structure, limited to 1 km. Factor
4 is used to take into account damping effect of the underground cable. At the overhead-
underground junction it is common to use SPDs and this may decrease the stress by more
than the ratio 4.

d3 = Length of the HV overhead supply line of the structure, limited to 1 km. Factor 4 is used
to take into account reduction effect of transformer. This is based on tests made on a few real
transformers and may be considered as conservative for most of the transformers.

The length of an HV underground supply line is neglected.
The length of a screened LV underground line is neglected.
Example of determination of 4 and application of this method is given below.

In following figures the bold dotted line represents ground level. What is above the line is
overhead and what is below is underground. The box is representing the considered structure.
The transformer if any is represented by the two circles symbol.

HV and LV overhead lines

@y,

I Il I I I IS S S .
< d3 > < dl —>»

d=d1+d3/4

Building considered is supplied by a LV overhead line and a HV transformer is less than1 km
from the building.

HV overhead line and buried LV lines

d=d3/4 + d2/4

d3 d2

A
v
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Building considered is supplied by a LV underground cable and a HV transformer is less
than1 km from the building.

HV and LV buried lines

] —> < d2

v

d =d2/4

HV line overhead

A

d3

d =d3/4

Building considered is supplied by a HV overhead line supplying a HV transformer located
inside the building.

Example 1: museum. This is supplied by an underground cable 500 m long connecting an
upstream HV/LV transformer to the museum electrical installation entry point. Keraunic level
is 20.

In spite of use of underground cable and keraunic level below 25, SPD is recommended
because level of consequence is B.

Example 2: private house supplied by an overhead line 200 m long connecting the HV/LV
transformer to the electrical installation entry point. Keraunic level is 27.

Due to the conjunction of overhead LV line and keraunic level greater than 25, SPDs are
recommended.

Example 3: school in an area where keraunic level is 20 (this corresponds to Ng = 1,7).
Supply is made from a HV transformer located directly inside the building and the overhead
HV line is 750 m long. Level of consequence is D.

Keraunic level being lower than 25 use of SPD need to be assessed by calculation of
conventional length d

d=0[d1] + 0 [d2/4] + 0,1875 [d3/4]
dc = 0,59 [1/Ng]
d is lower than dc so SPDs may not be required.

Example 4: church in an area where keraunic level is 20 (this correspond to Ng = 1,7). A
500 m long overhead line connect the HV transformer to the church electrical installation entry
point. The HV overhead line is 2 km long. Level of consequence is D.
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Keraunic level being lower than 25 use of SPD need to be assessed by calculation of
conventional length d

d=0,5[d1] + 0 [d2/4] + 0,25 [d3/4, d3 limited to 1 km] = 0,75
dc = 0,59 [1/Ng]
d is greater than dc so SPDs are recommended.

Example 5: small office in an area where keraunic level is 20 (this correspond to Ng = 1,7).
The distances are not known. Level of consequence is E.

Keraunic level being lower than 25 use of SPD need to be assessed by calculation of
conventional length d. As distances are unknown, the worst case scenario is to be used e.g.
d1=1km, d2=1km and d3 =1 km

d =1 [d1] + 0,25 [d2/4] + 0,25 [d3/4] = 1,5 which is then limited to 1 according to the rule (1
km maximum)

dc = 0,59 [1/Ng]

d is greater than dc so SPDs are recommended.
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Annex |
(informative)

System stresses

NOTE This annex expands upon the text of Clause 4 of this standard. Where the information relates to a specific
subclause, this is identified as [xxx] below.

1.1 Lightning overvoltages and currents [4.1.1]

1.1.1 Aspects of the power distribution system that affect the need for an SPD

Clause 443 of IEC 60364-4-44 indicates that, if the installation is supplied by an underground
cable or if it is supplied by an overhead line when the keraunic level is below 25, there is no
need to use an SPD unless the acceptable risk based on the utilization of the installation is
exceptionally low.

These guidelines are based on certain assumptions about the average installation. If factors
specific to the installation being considered are unusual, there may be a greater need for
surge protection. Some of these factors are considered in 1.1.1.1 and 1.1.1.2.

Risk analysis, based on the probability of incoming surges and the economic balance between
protection and consequences, should be performed.

Clause 443 of IEC 60364-4-44 is under revision concerning risk analysis.

1.1.1.1 Lightning activity

The most useful figure to use in determining the risk of lightning stressing an installation is
the local ground flash density, Ng. However, if Ny is not known, a crude estimation can be
found from the keraunic level (Ng, number of thunderstorm days per year, obtained from
isokeraunic maps) in the area, using the simplified formula Ng = 0,04 x N|1.25.

Ny provides highly localized information on lightning activity allowing an accurate assessment
of the risk both at a specific location and along the route of any incoming services. It also
takes into account variation due to the time of year and the magnitude of the surge. These are
factors that are not included in the determination of N¢. Hence, a value of Ny = 25 cannot be
used, on its own, to determine the need of an SPD.

1.1.1.2 Exposure of installation

Even where the supply is provided by an underground cable, this cable is not always sufficient
to protect the installation, especially in the case of a direct or nearby lightning strike which is
not considered in Clause 443 of IEC 60364-4-44. This is why the supply by an underground
cable cannot be used, on its own, to determine the need for an SPD.

1.1.2 Sharing of surge current within a structure

Figure 1.1 shows a typical example of the sharing of the surge current in the case of a direct
strike to the structure. For further information, see Annex D.

NOTE 1 The lightning impulse current combines two key parameters. The first is the fast rise time which is useful
for determining the voltage value due to inductive effects. The second is the long duration which essentially refers
to the energy in the stroke. High-frequency effects are not present in this later period, allowing ohmic resistance to
be used for calculation of current distribution.

Where an individual evaluation (by calculation, for example) is not possible, it can be
assumed that 50 % of the total lightning current (/) enters the earth termination of the
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lightning protection system of the structure considered. The other 50 % of current (Is) is
distributed among the services entering the structure, such as external conductive parts,
electrical power and communications lines, etc. The value of the current flowing in each
service (/i) can be estimated by using /i = Is /n, where n is the number of services.

For evaluating the current in individual conductors, called I, in unshielded cable, the cable
current J; is divided by the number of conductors m, I, = Iij/m.

In the case of shielded cable, both ends shall be bonded to earth directly or via an SPD. In
this case, the main part of the cable lightning current will flow in the shield (typically 50 %)
and a lower part of the current will flow through the inner conductors. In all cases SPDs
should be installed as close as possible to the screen bonding point.

NOTE 2 The SPD’s preferred value of Ipgay OF gy COrresponds to 7,

NOTE 3 Direct lightning to overhead lines may be considered in a similar way.

Ring earth electrode

Wall o

100 % striking 50 %
the builiding | |
|
(0)
17 % Metallic waterpipe i (0)
T 17 %

{
e —
TT— Bonding bars ,—/—’_/ -
L / L \Metalllc gas

SPD

L] SPD

C“—'D\'\ Sum =16 %

Phase
Neutral (50)

8% 8%

Electric power line IEC 378/02

NOTE Values in brackets are used when no metallic pipes are present.

Figure 1.1 — Example of diversion of lightning current
into the external services (TT system)

This figure shows a typical case in which 50 % of the total current is flowing through the
earthing of the structure and 50 % is flowing through the external services.

1.2 Switching overvoltages [4.1.2]

For more information on stresses caused by switching surges refer to C.3.
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1.3 Temporary overvoltages Uroy [4.1.3]

The temporary overvoltage generated by faults in the LV system can be defined by two
factors:

e k4 is the ratio of the maximum voltage to the nominal system voltage. k¢ is normally in the
range of 1,05 to 1,1. This covers normal regulation of the voltage level.

Ugs = k1 x Up

e ko is the maximum magnitude of the power system overvoltage which occurs above the
U.s of the power system. The voltage on the unfaulted phase can vary from about 1,25 to
a theoretical value of V3 for a fault on a three-phase low-voltage system.

NOTE 1 In single-phase, three-wire (split-phase) systems k, can be as high as 2.

The total temporary overvoltage can be expressed as:
Utov(Lv) = k1 X ko X Ug = k2 X Ucs

NOTE 2 Temporary overvoltages are usually caused by events such as faults on the low-voltage distribution supply
system, capacitor switching and motor stopping and starting. These overvoltages are of a short duration. Those
caused by faults on the three-phase supply system exist for a period of time of less than 0,05 s up to a maximum
of 5 s. Single-phase motor starting, with a poor neutral connection, can cause excessive overvoltages for a period of
time typically up to 5 s. Capacitor switching and voltage regulation should not produce overvoltages with a duration
of longer than 5 s. Therefore, the temporary overvoltage time period is selected in this standard as 0,05 s to 5 s.

NOTE 3 In some networks it will be necessary to consider a short-term (lower than 5 s) temporary overvoltage
of Up + 1 200 V (see IEC 60364-4-44) due to a fault in the high-voltage system (Uroy(hy)). Such high values of
voltage may lead to a failure of the SPD. In such cases, appropriate testing shall be performed to ensure that this
failure does not create any hazard for personnel or equipment or to the facility. This value of Ug + 1 200 V is the
maximum value of temporary overvoltage for a maximum duration of 5 s. Depending on the type of earthing system
of the low-voltage installation and of the high-voltage system, this value may exist or not (see Annex E).
In addition, temporary overvoltages having a duration longer than 5 s are defined in IEC 60364-4-44 and may also
lead to a failure due to this longer duration.

In this standard, TOVs generated by faults in the LV system are designated as Uroy(Lv) and
those generated by faults in the HV system as UrovnHv)-

On the basis of the formula given above, it is possible, in theory, to draw a curve of voltage
versus time of the Utgy in the network. In practice the actual values of Utgy in the network,
in particular at the place of installation of SPDs, are not always known. It is rather difficult in
such cases to draw the above-mentioned curve as only a few typical points are known.

In general only standardized maximum values are known and the curve is then reduced to
some points. Time values of particular interest for SPD selection are 200 ms and 5 s.

See Figure 4 for the maximum standardized values of Utqgy.
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Annex J
(informative)

Criteria for selection of SPDs

NOTE This annex expands upon the text of Clause 5 of this standard. Where the information relates to a specific
subclause, this is identified as [xxx] below.

J.1 Ut temporary overvoltage characteristic [5.5.1.2]

A
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|
~ :
TN . |
U _4|. _______ ~ .—.—*________—_... _____ o
! l ,
| ! \
| ! |
| | \
| ! i
| |
| |
| ! i
0 " Time
200 ms 5s !

IEC 1936/08

NOTE Temporary overvoltages may have a duration of several seconds. Temporary overvoltages having a
duration of more than 5 s are considered as permanent conditions for SPDs, for times above 5 s the curve
corresponds to a constant value of U,.

Figure J.1 — Typical curve for U; of an SPD

J.2 SPD failure modes [5.5.4]

When an SPD enters a failure mode as discussed in 5.5.4, the effect of the failure mode on
the installation needs to be considered.

If the failure mode of an SPD is an open circuit (provided by a non-linear component of the
SPD itself or by an internal or external disconnecting device in series with the SPD and in
shunt with the power supply), then continuity of power supply may be assured in the event of
SPD failure. However, particular attention shall be paid to the ability of the SPD to disconnect
before the back-up protection of the system operates. Coordination between the SPD
disconnector and the back-up protection shall then be carefully studied.

For two-port SPDs, or one-port connected in line with the mains, an internal disconnector may
or may not provide continuity of power depending on its location in the SPD as shown in case
a) and b) respectively in Figure J.2.
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IEC 1937/08

Key
D Disconnector
S SPD

L Line

Figure J.2 — Internal disconnector in the case of a two-port SPD

The main feature of case a is that the equipment is still energized after operation of the
disconnector. However, the equipment is no longer protected. If a fault indicator (remote
and/or local) is not used to signal this disconnection then the user is not aware that the
equipment is no longer protected and is therefore much more susceptible to incoming surges.

The main feature of case b is that the equipment is disconnected from the supply after
operation of the disconnector but is also disconnected from the main source of surges.

In order to reduce the risk of loss of either protection or power due to disconnection, the use
of parallel SPDs equipped with disconnectors is possible as shown in Figure J.3.
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D Disconnector

S Complete SPD including two protective components (varistor) and two associated disconnectors

Figure J.3 — Use of parallel SPDs

If the failure mode of the SPD is a short circuit (provided either by the SPD itself or by an
additional device) which trips the back-up protection, then the situation is similar to that in
case b) above.

Unless a manufacturer declares a specific failure mode, it shall be assumed that the SPD is
subject to all of the failure modes listed above. In order to get only one type of failure mode
(short- or open-circuit condition), an additional device is generally employed (such as an
overcurrent disconnector Figure J.3).

An indeterminate condition, which is a temporary state, can occur during failure of an SPD.
In order to produce a determinate state (open or short circuit) further additional devices
(such as a thermal disconnector) are required.

NOTE IEC 60364-4-41 describes the applicable safety rules.
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Annex K
(informative)

Application of SPDs

NOTE This annex expands upon the text of Clause 6 of this standard. Where the information relates to a specific
subclause, this is identified as [xxx] below.

K.1 Location and protection given by SPDs [6.1]

K.1.1 Possible modes of protection and installation [6.1.1]

Figures K.1 to K.5 show alternative earthing options (see items 5a and 5b).

NOTE 1 The best practice is to use both options to maintain both low protection level and minimal stress on the
installation, provided that the connections between the PE connection and the common earthing point of the SPDs
are kept as short as possible.

An acceptable installation should address the following five steps.

NOTE 2 The following steps are primarily valid for fixed SPDs connected between line or neutral and earth. Other
SPDs may require other rules.

a) Determine the path of the discharge current.

b) Identify the wires which cause an additional voltage drop on the equipment terminals
(Figures K.6a and K.6b).

NOTE 3 In Figure K.6, U, is the residual voltage for SPDs tested according to class | and Il tests or more
generally the limiting voltage.

c) Arrange the routing of the conductors of each piece of equipment to avoid unnecessary
induction loops, see Figure K.6¢c, Figure K.6d and Figure K.7.

NOTE 4 If it is not possible to have a single earthing point, two SPDs are necessary as in Figure K.6d.
d) Establish equipotential bonding between the equipment and the SPDs.

e) Select the SPD in accordance with the coordination requirements.

Measures should be taken to limit inductive coupling between unprotected and protected parts
of the installation. The mutual inductance can be reduced by separation of the inducing
source and the victim circuits, limitation of loop areas and selection of the angle of the loops
(see Figure K.7). When a current-carrying wire is part of the loop area, the induced voltage
can be reduced by routing this wire close to the cable (see Figure K.7a).

In general, it is better to separate protected wires from those which are not protected.
Measures should be taken to avoid cross coupling of transients between power and signalling
cables (see Figure K.7b).

See Figure K.7 for some examples of acceptable SPD installation regarding EMC aspects.
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1 Origin of the installation

2 Distribution board

3 Main earthing terminal or bar

4 Surge protective devices

5 Earthing connection of surge protective devices, either location 5a or 5b

6 Equipment to be protected

F Protective device indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
R, Earthing electrode (earthing resistance) of the installation

Earthing electrode (earthing resistance) of the supply system

Figure K.1 — Installation of surge protective devices in TN-systems
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Origin of the installation

Distribution board

Main earthing terminal or bar

Surge protective devices

Earthing connection of surge protective devices, either location 5a or 5b

Equipment to be protected

Residual current protective device (RCD)

Protective device indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
Earthing electrode (earthing resistance) of the installation

Earthing electrode (earthing resistance) of the supply system

Figure K.2a — Connection Type 1
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1 Origin of the installation

2 Distribution board

3 Main earthing terminal or bar

4 Surge protective devices

5 Earthing connection of surge protective devices, either location 5a or 5b

6 Equipment to be protected

7 Residual current protective device (RCD)

F Protective device indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
R, Earthing electrode (earthing resistance) of the installation

Earthing electrode (earthing resistance) of the supply system

Figure K.2b — Connection Type 2

Figure K.2 — Installation of surge protective devices in TT-systems
(SPD downstream of the RCD)
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1 Origin of the installation

2 Distribution board

3 Main earthing terminal or bar

4 Surge protective devices

4a  Surge protective device in accordance with IEC 60364-5-53 (2.3.2) or spark gap
5 Earthing connection of surge protective devices, either location 5a or 5b

6 Equipment to be protected

7 Residual current protective device (RCD)

F Protective device indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
R, Earthing electrode (earthing resistance) of the installation

Earthing electrode (earthing resistance) of the supply system

Figure K.3 — Installation of surge protective devices in TT-systems
(SPD upstream of the RCD)
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1 Origin of the installation

2 Distribution board

3 Main earthing terminal or bar

4 Surge protective devices

5 Earthing connection of surge protective devices, either location 5a or 5b

6 Equipment to be protected

F Protective device indicated by the manufacturer of the SPD (for example, fuse, circuit-breaker, RCD)
R, Earthing electrode (earthing resistance) of the installation

g Earthing electrode (earthing resistance) of the supply system

O/ Open circuit or resistance

Figure K.4 — Installation of surge protective devices
in IT-systems without distributed neutral
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Possible connection for additional SPDs if distance between equipment and entrance of installation is large (see
6.1.4):

a SPDs connected L-N and N-PE
b SPDs connected L-PE and N-PE

Figure K.5 — Typical installation of SPD at the entrance of the installation
in case of a TN C-S system
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Ug = Ures + Uw1 + Un2 |

SPD

Configuration b is acceptable if U4 and U,,, are low enough (see 6.1.3)

Eq1

SPD

Eq2

IEC 387/02

NOTE The current I flows through the SPD, and the magnetic field due to the flow of this current enters the loop
formed by the leads to the equipment terminals. This has the effect of adding an induced voltage to the SPD’s
residual voltage. This combined voltage appears across the equipment terminals.

Figure K.6 — General way of installing one-port SPDs
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a Electromagnetic coupling
i Bad practice — large loop area results in high dg¢/d¢ caused by d//d¢
ii  Better practice — small loop area results in lower dg¢/d¢
iii Best practice — cable shield results in dg/dz = 0 inside the shield
b Inductive coupling
i Bad installation — inductive coupling will occur at point marked =
ii  Good installation — cables upstream and downstream of the SPD are well separated

Figure K.7 — Examples of acceptable and unacceptable
SPD installations regarding EMC aspects
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K.1.2 Influence of the oscillation phenomena on the protective distance [6.1.2]

In general, it is not sufficient to use an SPD close to the equipment to be protected. It is much
better to install the SPD at the entrance of the installation for EMC reasons (it is better to
divert the current at the entrance in order to avoid electromagnetic disturbances due to the
surge currents) and to protect the installation (to avoid flashover between conductors, etc.).
If necessary, another SPD close to the equipment shall be installed if the equipment is not
within the protective distance of the SPD installed at the entrance. Coordination studies are
then necessary (see 6.2.6).

The reason for the need for additional surge protection is the possibility that oscillations or
travelling waves caused by the surge impulse may result in higher than expected voltages at
the equipment that is to be protected. Figure K.8 gives an example of a physical and electrical
representation of such a system.

b) ”J_ u'=ku
a) T d AN o /\/V\/i

Surge (L,7) Surge
L r
C
o) Eq 2 —
& (©) “’
| in

IEC 389/02

Figure K.8 — Physical and electrical representations of a system where equipment
being protected is separated from the SPD giving protection

The voltage experienced at the equipment will depend on the frequency of the surge and the
length of the conductors. Depending on the value of r, oscillations between L and C can
increase the voltage at the equipment terminals «’ up to ku. The value of £ depends on many
parameters. Where equipment presents a high impedance load, in practice, k is less than 2.

The circuit given in Figure K.9 corresponds to a surge source generating a 5 kA 8/20 impulse
being applied to a ZnO SPD, which is separated from equipment with a load capacitance of
5 nF. This circuit was simulated, producing the response given in Figure K.10. This shows
how the voltage at the terminals of the equipment being protected can reach double the
voltage at the SPD terminals.

10m

5 kA Y
8/20
C=5nF ——

IEC 1940/08

Figure K.9 — Possible oscillation between a ZnO SPD and the equipment to be protected
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Vspp Voltage at the SPD
Veq Voltage at the equipment terminals

Figure K.10 — Example of voltage doubling

K.1.3  Protection zone concept [6.1.6]
An example of the subdivision of the building power distribution system into protection zones

and allocation of the surge protective devices is shown in Figure K.11 according to
IEC 62305-4 for a direct lightning strike.
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LPZ Lightning protection zone
PZ Protection zone
PDS Power distribution system

SPD Surge protective device

Figure K.11 — Subdivision of a building into protection zones

The protection zones are defined as follows.

e Lightning protection zone Op (IEC 62305-4)

Zone where items are subject to direct lightning strokes and therefore may have to carry
up to the full lightning current. The unattenuated electromagnetic field occurs here.

e Lightning protection zone Og (IEC 62305-4)

Zone where items are not subject to direct lightning strokes but the unattenuated
electromagnetic field occurs. Conducted unattenuated lightning currents and switching
surges occur.

e Protection zone 1

Zone where items are subject to partial direct lightning strokes. The conducted impulse
lightning currents and/or switching surges are reduced compared with the zones Op or Og.

e Protection zone 2

Remnants of lightning impulse currents and/or switching surges are reduced compared
with zone 1.

e Protection zone 3

Surges, caused by oscillation effects, magnetic field couplings and internal switching
surges are reduced compared with zone 2.
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The conducted threatening parameters are reduced by installing surge protective devices at
the protection zone boundaries. Coordination between these SPDs should be done in
accordance with 6.2.6. The performance parameters of these devices are suited to the con-
ducted threatening parameters at the place of their installation (see 6.2.1 and 6.1.5).

NOTE If, according to IEC 62305-4, class | tested SPDs should be used, they should be installed at the LPZ Og
boundary with protection zone 1.

Each time an SPD according to 6.1.4 is installed a new protection zone is created.

K.2 Selection of SPDs

K.2.1 Selection of U, [6.2.1]

For most SPDs, a temporary overvoltage having a duration of more than 5 s shall be
considered as a permanent stress. Therefore, U; shall be chosen to take into account normal
conditions and the fault conditions (temporary overvoltages) which last longer than 5 s.

a) Normal conditions
1) Between phase and neutral

The SPD U, between phase and neutral should be higher than Ugg (i.e. in general 1,10
times Up: 10 % for voltage regulation or 1,15 if we consider 5 % for margin due to
possible degradation of the SPD and other abnormal system conditions).

2) Between phases

The SPD U; between phases should be higher than U.s (i.e. in general 1,10 times Uy
multiplied by V3).
NOTE 1 In some instances, depending upon the voltage regulation limits (for example in very large buildings

where the regulation is defined at the meter only), U,; may exceed the general limits given above (10 % and
10 % x V3 respectively).

In some cases the voltage regulation is tighter (for example 5 %). In this case lower values
may be sufficient (for example U, may be higher than 1,05 times Ug only (respectively
1,05 x V3 x Up)).

3) Between phases and earth or neutral and earth:

« For TT and TN systems the SPD U, between phase and earth or neutral and earth
shall be higher than U.g (in general 1,10 times Up).

* For IT systems see abnormal conditions below.

NOTE 2 If the service is supplied from a transformer with a centre tap on one of the transformer secondaries,
there are two values for U,. One value of U, is 1,0 times U, and the other is (V 3)/2 x Ug.

The presence of harmonics can increase the peak value of the service voltage, therefore
it may be necessary to increase the value of U; compared to what should be the selection
of U, without these harmonics.

b) Abnormal conditions (fault conditions):

Sometimes it may be necessary to take account of specific fault conditions in the choice
of U; for SPDs connected between phase and earth. This is done in order to avoid the
destruction of too many SPDs when a fault occurs in the system. In the case of an
IT system it is essential to take care of such fault conditions.

Under earth fault conditions for TT and TN systems, the voltage between phase and earth
may exceed Ugs. This is due to fault conditions on either the high voltage system or the
low-voltage system and depends upon the earthing as to the maximum magnitude of
the voltage. For additional information on this topic see 4.1.3.2. The choice of U; then
depends on the actual value of voltage given by such fault conditions. It is not possible
to use a value of U, high enough to ensure that no fault in the system causes damage to
the SPDs, as the protective level will then be poor. In general, an appropriate value,
independent of system topology, is to have U, higher than 1,5 x Uj.
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Under earth fault conditions for IT systems, the voltage between phase and earth
generally has a magnitude of V3 x Uy. Such faults on the low-voltage system may have a
duration long enough to be considered as a permanent condition.

In this case, it is highly recommended to have U, higher than the phase-to-phase voltage.

Examples of the relationship between the SPD's U, and the nominal voltage of the power
system are given in Annex B.

K.2.2 Coordination problems [6.2.6.2]

In order to better explain the problem, Figure K.12 shows a typical example of the
coordination of two ZnO varistors separated by an inductance. SPD2 has a lower Up value
and a lower I, value. Due to the inductance effect on the front of the surge most of the current
flows through SPD1 and the current in SPD2 will gradually increase with a time constant
given by the inductance and the characteristic of SPD2. In this way, more and more of the
total current will flow through SPD2 over time.

Figure K.12 shows the total current, the currents through SPD1 and SPD2 and the voltages
across SPD1 and SPD2.

e This maximum energy withstand (Eyax) is defined in this application guide as the
maximum energy that the SPD is able to withstand with no degradation. It can be obtained
from test results (energy measured in the operating duty test at /iy for class | tests or
Imax for class |l tests) or calculated taking into account manufacturer’s information as Iy ax
(class Il tests) or Ipeak (class | tests), Ures (Imax) OF Ures (Ipeak)-

2 kV
U,
-
0
60 us
Time
IEC 1942/08

Key

U1 residual voltage at front SPD terminals

U2 residual voltage at second SPD terminals

Figure K.12a — Residual voltage on varistors
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Al Current in front SPD

12 Current in second SPD

Figure K.12b — Sharing of current between two varistors
Figure K.12 — Coordination of two ZnO varistors

The cabling with distance d between the two SPDs, corresponding to an impedance Z may be
used as a decoupling element.

e In the case of limiting type SPDs, this decoupling impedance is in general only effective
for short waveshapes (for example 8/20). With long waveshapes (for example 10/350) this
natural decoupling impedance created by the cabling is rarely sufficient. Additional
decoupling components may be necessary to provide adequate coordination...

e Where the front SPD is of the switching type, two other characteristics have to be taken
into account:

— It is possible to have a blindspot, which means that for a current lower than /iy, the
voltage at the terminals of the gap may be so low that the gap does not sparkover and
hence is not able to protect the second SPD. It is important that the sparkover of the
gap occurs at the front of the surge.

— For a long front time, the decoupling element may be less effective than for 8/20 or
10/350 waves. Such long front times are presently being considered by TC 81.

In general it is necessary to deal with coordination for two types of surges:

e coordination with long waveshape surges (such as used for class | tests)

e coordination with short waveshape surges (such as used for class Il tests)
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NOTE It should be emphasized that the maximum energy withstand of the two co-ordinated SPDs is at least equal
to the lower energy withstand value of the two SPDs. When a new SPD (SPD2) is connected to a system already
containing an SPD (SPD1), it is necessary to ensure that proper coordination is achieved.

K.2.3 Practical cases [6.2.6.3]

In an installation, the coordination is always more complicated to study than in the simple
example shown above. In effect,

the presence of lead length or of additional devices such as disconnectors may add an
inductance into the scheme. Sharing of current between many SPDs may also need to be
studied =>the actual installation scheme is needed;

the tolerances on the characteristics of the components used in SPDs may lead to
uncertainty of the actual value of the residual voltage at any particular current. In addition,
the value which is usually obtained from the manufacturer is the protective level Uy which
takes into account a margin such that the actual voltage may in reality be 25 % lower than
indicated;

the energy withstand Ezx of the SPD may be different for long and short waves. In
general, such a value is just given for one class of tests (class | — long waves and class
Il — short waves). Sometimes, this energy withstand is not given and needs to be
calculated.
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Annex L
(informative)

Risk analysis

If the cost of protection (as determined from group E below) is less than the cost involved by
the consequences of surges in an unprotected facility (as determined from groups A to D),
then the use of SPDs is advisable.

L.1  Group A - Environmental

A1 Lightning incidence and severity Ng (annual ground flash density, which is the number of
strikes/km2/year; see 4.1.1 and |.1)

e Direct strike to the building lightning protective system (LPS) or the electric supply and
communication lines

e Resistive or inductive coupling

Risk assessment requires consideration of all types of direct and indirect modes of lightning
induced energy, including entry via the lightning protection system, incoming power lines,
metallic telephone lines, data cables, radio-frequency cables, wave guides, and through non-
electrical conductors such as water pipes. Fibre-optic cables are generally immune provided
they do not have (a) metallic conductor(s) which penetrates the protected area.

A2 Power-switching incidence and severity

Electronic equipment near to, or on the same circuit as power-switching equipment, such as
motor controllers may suffer damage or degradation due to load-created transients.
Additionally, transients may be generated due to either power utility switching, system faults
or internal disturbances at the load.

A3 Exposure and coupling with LPS of the surrounding buildings

Damage can occur through transient coupling from lightning currents carried in the LPS of
nearby buildings or facilities, including earth potential rise associated with dissipation of the
currents. Such energy distribution usually occurs through power utility cabling and is not
directly controllable by the user. The energy dissipated is in relation to the magnitude of the
various earth resistances in the local network.

A4 Location of facility or building

e Topography

e Shielding by neighbouring structures and trees

Facilities on the top or sides of tall hills or mountains are more susceptible to direct lightning
strike than similar facilities in valleys and areas of lower natural exposure. Similarly,
installations with tall communications towers are likely to have an increased risk of lightning
attachment. Small and low-rise facilities may be shielded by neighbouring taller objects from

direct strikes. However, such shielding does not influence energy ingress via cables entering
the facility.

L.2 Group B — Equipment and facilities

B1 Equipment impulse withstand category and immunity level

© STANDARDS MALAYSIA 2012 - All rights reserved



- 134 - MS IEC 61643-12:2012

Manufacturers may design electrical and electronic equipment to various impulse voltage
withstand levels. The lower the level, the higher the risk. Unless advised otherwise by a
manufacturer, it may be best to assume that no specific immunity has been built in to their
equipment. Correctly designed protection attempts to maximize energy diversion at cable
points of entry and minimizes onward transmission to equipment.

B2 Earthing systems

e Earth resistance and impedance
e Layout and proximity

e Links to other earthing systems

The most important thing is to get earth equipotential bonding by galvanic or SPD bonding.
Separated earthing systems shall be considered with care.

B3 Power system layout

e Overhead
e Underground
e Orboth

Although buried LV power cables offer lower risk than overhead power lines, direct lightning
strikes in the vicinity of buried cables can cause substantial overvoltages, especially in high-
resistivity soils. The designer needs to consider the length of buried cable, whether it is
overhead for some distance away from the site, and whether the MV power utility network
is overhead. For both LV and MV power lines, the aggregate length and height are relevant
parameters. Longer and higher lines have a greater risk of lightning attachment and hence a
greater risk of transmitting the lightning energy into a facility or building.

L.3 Group C — Economics and service interruption

C1 Service degradation or loss of service

Disruption and damage causes operational difficulties to business. Service degradation may
have a qualitative element that is additional to direct financial losses. For example where
extensive automation or computerization is involved reversion to manual operation may be
virtually impossible.

C2 Loss of operations

This covers the real-time expense of service unavailability of equipment, computers,
communications, and information technology systems and associated losses of operational
revenues and/or business productivity. Critical systems such as emergency services, certain
central information systems may have very high direct and indirect expenses associated with
loss of operations.

Commercial enterprises lose direct revenue through downtime. Expected time to repair and
restore operations will depend upon the availability of staff, spares, procedures, and
information.

C3 Repair or replacement of equipment or facilities

This is the expense of physical damage, including equipment replacement and direct and
indirect expenses of reinstallation. Gradual degradation of components in equipment may also
occur through repeated small magnitude pulses which cause seemingly random faults. Such
events may not be associated immediately or directly with a lightning storm or switching event
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at the time of failure. Increased expenses of routine or preventative maintenance may
eventuate due to such cumulative effects.

C4 Emergency services

Damage of equipment or injury to people may necessitate use of emergency services such as
fire, ambulance, police, etc. which have an expense to a firm, person, or community.
Breakdown of fire alarm systems and emergency services telecommunications decreases the
efficiency of such services. Emergency services will normally demand protection to a high
level.

L.4 Group D - Safety

If safety risks to people exist from dielectric breakdown then use of SPDs should be
considered.

Personnel safety is a key issue for designers and installers. Occupational health and safety
rules relevant to each country need be observed.

L.5 Group E - Cost of protection

e Design of installation
e Material and devices

e |nstallation of SPDs

Cost of protection includes SPDs, engineering design and supervision, and electrical
installation.

IEC 62305-2 proposes a method for assessing the risk related to surges due to lightning.
A method for assessing the risk relating to surges due to switching is under consideration.
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Annex M
(informative)

Immunity vs. insulation withstand

IEC 61000-4-5 describes the tests to determine the immunity from voltage and current surges
for electronic equipment and systems. The equipment or system to be tested is regarded as a
black box and the results of the tests are judged by the following criteria:

1) Normal performance.

2) Temporary loss of function or temporary degradation of performance not requiring an
operator.

3) Temporary loss of function or temporary degradation requiring an operator.
4) Loss of function with permanent damage to equipment (which means failing the test).

Whereas the tests of IEC 61000-4-5 investigate the full range of possible effects of
comparatively low current surges on electronic equipment and systems, including permanent
damage and destruction of equipment and systems, there are other related test standards
which are not so much concerned with temporary loss of function, but more with actual
damage or destruction of equipment. IEC 60664-1 is concerned with insulation coordination
for equipment within low voltage systems and IEC 61643-1 is a test standard for surge
protective devices connected to low-voltage power distribution systems. In addition, both of
these standards are concerned with the effect of temporary overvoltage on equipment.
IEC 61000-4-5 and other standard in the IEC 61000 series do not consider the effect of
temporary overvoltages on equipment or systems.

Permanent damage is hardly ever acceptable, since it results in system downtime and
expense of repair or replacement. This type of failure is usually due to inadequate or no surge
protection, which allows high voltages and excessive surge currents into the circuitry of the
equipment, causing disruption of operation, component failures, permanent insulation
breakdown and hazards of fire, smoke or electrical shock. It is also undesirable, however, to
experience any loss of function or degradation of equipment or system, particularly if the
equipment or system is critical and must remain operational during surge activity.

For the tests described in IEC 61000-4-5, the magnitude of the applied voltage test level
(installation class) and the resultant surge current will have a direct effect on the response of
the equipment. Simply stated, the higher the voltage level of a surge, the higher the likelihood
of loss of function or degradation, unless the equipment has been designed to provide an
appropriate surge immunity.

To test surge protective devices (SPDs) used on low voltage power systems, IEC 61643-1,
test class lll, specifies a combination wave generator with a fictive impedance of 2 Q, which
produces an 8/20 short circuit current waveshape and a 1.2/50 open circuit voltage
waveshape. IEC 61000-4-5, uses the same combination wave generator for the surge
immunity test for powered equipment and systems but with different coupling elements and
also sometimes an additional series impedance. The meaning of voltage test level (installation
class) of this standard and the peak open circuit voltage Uy of IEC 61643-1 are equivalent.
This voltage determines the peak short circuit current value at the generator terminals. Due to
differences in the test methods test results may not be directy comparable.

Surge immunity of equipment or systems may be achieved by built-in surge protective
components or devices (SPDs), or external SPDs. One of the most important selection criteria
for SPDs is the voltage protection level, Uy, defined and described in IEC 61643-1. This
parameter should be coordinated with the withstand voltage of the equipment U,, according to
IEC 60664-1 and is the maximum voltage to be expected across the terminals of the SPD
during the tests in specific conditions. U, is only used in this standard for coordination with
the withstand voltage of the equipment U,. The value of the voltage protection level at a
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comparable stress should also be below the voltage immunity level at this comparable stress
of the equipment tested to IEC 61000-4-5 but this is not addressed at the present time,
especially because waveshapes are not always comparable between the two standards.

In general, surge immunity levels of equipment according to IEC 61000-4-5 are lower than
insulation withstand levels according to IEC 60664-1, however care should be taken regarding
the effects of temporary overvoltages according to IEC 60364-4-44 on an SPD (or built-in
surge protective component) having an excessively low protection level. It is quite possible to
choose an SPD that will protect equipment from failure, remain operational during surge
activity and withstand most temporary overvoltage conditions.
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Annex N
(informative)

Examples of SPD installation in power
distribution boards in some countries

The following figures depict typical installation of SPDs in power distribution boards for some
countries. As already discussed in this standard it is important to ensure that lead lengths are
minimized and that the short-circuit withstand rating of the SPD is coordinated with the
prospective short-circuit current /3¢ at the panel location.

IEC 1944/08

Key
1 Incoming supply
2 Main switch (called isolator in some countries)

3 SPD and its disconnector (could be installed within SPD enclosure)

Figure N.1 — A wiring diagram of an SPD connected on the load side
of the main incoming isolator via a separate isolator
(which could be included in the SPD enclosure)

This use of such a disconnector for the SPD is good practice as it allows the unit to be
disconnected without disconnection of the main isolator, as the SPD would need to be
disconnected for dielectric withstand testing (called flash testing in some countries) of the
installation for example.
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PE L1 L2 L3 M IEC 1945/08

Key

1 Distribution board

2 Main switch (main isolator or main circuit breaker (MCB))
3 Main earthing terminal

4 Neutral terminal

5 Enclosure for SPD

6 First downstream fuse block

7 Alternative first downstream fuse block

8 Cross bond to distribution board chassis

Figure N.2 — SPD connected to the nearest available outgoing MCB to the incoming
supply (TNS installation typically seen in the UK)

The MCB also provides a convenient means to fuse the SPD and provide a means of
isolation. As there is insufficient room within the distribution panel the SPD is mounted in a
separate enclosure for electrical safety. This enclosure is mounted directly alongside the
distribution panel to ensure the connecting leads are kept short. A supplementary earth bond
is made to further minimise volt drop on the connecting leads.
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SPD

IEC 1946/08

Key

1 Incoming supply

2 Main switch (main isolator or main circuit breaker (MCB))
3 First downstream fuse block

4 Alternative downstream fuse block

5 Fuse (or MCB)

Figure N.3 — A single line-wiring diagram of an SPD connected in shunt on the first
outgoing way of the distribution panel via a fuse (or MCB)

The use of a suitable fuse (or MCB) is convenient for the installation of the SPD and promotes
good practice as it allows the unit to be disconnected without disconnection of the main
isolator, as the SPD would need to be disconnected for flash testing of the installation for
example. The fuse size is chosen accordingly so as not to de-rate the SPDs surge current
handling capability and allow coordination with the incoming supply fuse.
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SPD

G L1 L2L3 N IEC 1947/08

Key

1 Main distribution board
2 Main circuit breaker

3 Main grounding bar

4 Neutral bar

5 G-N bond

6 Enclosure of SPD

Figure N.4 — SPD connected to the nearest available circuit breaker on the incoming
supply (US three phase 4W + G, TN-C-S installation)

The load side of the MCB also provides a convenient point to connect the SPD via current
limiting fuses. This arrangement also provides a means of isolation during maintenance. As
there is insufficient room within the distribution panel, the SPD is mounted in a separate
enclosure for electrical safety. This enclosure is mounted directly alongside the distribution
panel to ensure the connecting leads are kept as short as possible.
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SPD

IEC 1948/08

Key

1 Main distribution board
2 Main circuit breaker

3 Main grounding bar

4 Neutral bar

5 G-Nbond

6 Enclosure of SPD

Figure N.5 — SPD connected to the nearest available circuit breaker on the incoming
supply (US single (split) phase 3W + G, 120/240 V system - typical for residential
and small office applications)

The load side of the MCB also provides a convenient point to connect the SPD via current
limiting fuses. This arrangement also provides a means of isolation during maintenance. As
there is insufficient room within the distribution panel, the SPD is mounted in a separate
enclosure for electrical safety. This enclosure is mounted directly alongside the distribution
panel to ensure the connecting leads are kept as short as possible.

NOTE In USA it is required by the National Electric Code (NEC) that the SPD’s short circuit current rating defined
by NEC, is coordinated with the prospective fault current at the point of installation.
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Annex O
(informative)

Coordination when equipment has both signalling and power terminals

To describe the problem which can occur when two ports of an equipment are protected by
SPDs which are not coordinated, the example of a personal computer (PC) equipped with a
modem will be used.

A typical system might be assembled from uncoordinated subsystems and these could be at
risk because of uncoordinated surge protection. Although each of the power and
communications systems might include protection against surges, the surge current flowing
between surge protective systems can cause a potential difference across the power and
communication ports of the PC. Depending on the nature of the PC/modem and their immunity
levels this difference in potential may result in damage to the PC/modem or cause upset in
the operation of this equipment.

This first example shows how this problem can occur. The example is based on a power and
telecommunication system.

In Figure O.1 a PC is equipped with a modem that is powered from a branch circuit by a
three-wire cord that includes an earthing conductor. The earthing conductor establishes the
steady-state potential reference of the chassis at the power panel. The telecommunication
port of the modem is connected to a metallic telephone outlet at its location. This outlet is
wired to a telecommunication interface termination. This panel is usually located at the
entrance to the building and includes telecom SPDs.
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—E 6

— IEC 1949/08

Key

1 Computer with modem or similar electronic device having separate ports for power and telecommunications.
2 Main distribution board, including circuit-breakers and power SPD

3 Telecommunication interface termination including telecommunication SPD

4 Single phase, 3 wire power line

5 Overhead telecommunication line

6 Equipotential bonding system

Figure 0.1 — Example of a PC with modem in a US power and communication system

To demonstrate the effect of uncoordinated surge protection and the benefit of a proposed
solution, measurements were conducted in a full-scale replica of a house wiring system,
including power, telephone, and an equipotential bonding system as indicated in Figure O.2.
The telephone wires were routed in a typical manner, at some distance from the equipotential
bonding system.
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J Al

OO T

IEC 1950/08

Key

1 Computer with modem or similar electronic device having separate ports for power and telecommunications
2 Main distribution board , including circuit-breakers and power SPD

3 Telecommunications SPD

4 Single-phase, 3 wire power line

5 Overhead telecommunication line

6 Power SPD component: varistor

7 Equipotential bonding system

8 Distribution transformer

9 MGCN: multi-grounded common neutral

10 Telecommunications SPD component: GDT

Figure 0.2 — Schematic of circuit of Figure 0.1 used for experimental test

Figure O.2 exhibits how a surge occurring on the telecommunication circuit can result in a
voltage (potential difference) Uy across the PC due to the operation of the gas discharge
tubes in the telecom interface panel. As can be seen when the telecom interface panel gas
discharge tubes operate, a surge current flows in the equipotential system resulting in a
potential difference between the telecommunication port and the power port of the PC.. This
is due to the surge current "Ig, 4" flowing in the water pipe through its inductance °L”. The
voltage drop across the pipe is expressed by the equation U = R*Ig,¢ *+ Ld/g,qe/dt, Where
d/g,rge/dt is the time rate of change of the current flowing in the water pipe. The factor L is
the inductance of the water pipe and earth cable between the telecom interface panel and
equipotential system .

Figure O.3 shows the recording obtained when injecting upstream from the telecom interface
panel a surge such as specified by telephone industry standards. For a rate of change in the
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surge current of 75 A/us, a peak of 4,3 kV was found to be induced in the loop. This voltage
would appear between the two ports of a PC (But of course none was for the experiment. The
loop remained open to allow the measurement and not needlessly put a PC in jeopardy in the
experiment.)

NOTE 8/20 is not the only standard pulse used in the telecom industry. ITU uses 10/700 voltage impulse with a
5/300 current impulse (100 A) this gives about 10 A/us. IEC 61643-21 as well uses many different waveshapes.

U(kV) I(A)

(U)

P V 250

2 4 B 14 12 14 16
-2 150
) (I) 100
g a0

q

IEC 1951/08

Key
I Current impinging on the telecom SPD: 50 A/division - di/dt = 75 Alus
U Voltage between telephone port and protective conductor (PE): 2 kV/division - 4,3 kV max

Horizontal sweep: 2 ys/division

Figure 0.3 — voltage recorded across reference points for
the PC/modem during a surge in the example

The second set of examples used to illustrate that problem is described in Figure O.4. This
represents a power supply (TT, phase and neutral) supplying an installation where a
telephone line is also connected. For equipotential bonding of the two networks to the local
earth, SPDs are installed at the entrance point of these lines. To study this case, a practical
case ahs been simulated, where the two bonding points are different and then separated by
an inductance (equivalent to the distance between these two points. Another SPD (diode) has
also been added on the telecommunication line directly in front of the equipment. The
distance L2 is between the GDT and the diode and the distance L1 is between the bonding
point of the telecommunication line and the bonding point of the power line.
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MV/LV 100 m 100 m
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IEC 1952/08

Figure 0.4 — Typical TT system used for simulations

The effects of a surge current being applied to the telecommunication circuit of Figure O.2
have also been analysed by means of a computer simulation and have yielded the same
results as the actual test. A high-frequency model of the transformer and propagation effect
on the lines (200 m for both lines) has been used. The SPD for power supply is of the varistor
type (limiting component) and the SPD for the telecommunication line is a gas discharge tube
(switching component).

The resistance of the earthing R, was a parameter in this study as well as the sparkover
voltage of the GDT (Ugm). The power supply SPD (three modes of protection) has a nominal
discharge current of 10 kA and a voltage protection level of 1,5 kV.

The following results are obtained: for L1 = L2 = 10 m, the lead length L1 experiences a
voltage drop of 12,5 kV when the lightning strikes the power networks and 35 kV when the
lightning strikes the telecommunication network. This level is sufficient to create a flashover
inside the equipment.

Therefore, even in case of both networks being protected by SPDs and the two networks
being bonded to the same earthing system, an internal flashover may still occur.

To be able to generalise these results, simulations were also carried out with some loads on
both networks and the results were the same. In addition, simulations with other type of
network (TN and IT) and with various surge waveshapes were also perfomed.

The results are summarised in Table O.1:
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Table 0.1 — Simulation results

MS IEC 61643-12:2012

TN system

In case of a 10 kA 8/20 surge coming
from the power supply

In case of a 10 kA 8/20 surge coming
from the telecommunication line

L1 Voltage drop

12 kV

35 kV

IT system, impedance of the neutral
=1000Q

In case of a 10 kA 8/20 surge coming
from the power supply

In case of a 10 kA 8/20 surge coming
from the telecommunication line

L1 voltage drop

8 kV

35 kV

TT system

In case of a 10 kA 10/350 surge
coming from the power supply

In case of a 10 kA 10/350 surge
coming from the telecommunication
line

L1 voltage drop

8 kV

23 kV

It can be seen that the results concerning the risk of flashover of the equipment are the same
with all types of power supply systems. The withstand of equipment is generally in the order
of 2,5 kV maximum and so the voltage produced by a mild surge (10 kA only) is well in excess
of this surge withstand (from 8 kV to 35 kV).

NOTE

10 kA 10/350 is not realistic for a telephone wire. It will fuse at about 2 kA and measurement in the

telenetwork shows values more like 100 A. But such a value was used for comparison between power side and
telecom side.

POSSIBLE SOLUTIONS

To avoid the above problems there are two possibilities:

find another routing for the cables for decreasing the size of the loop between the various
lines (telecommunication and power lines in the case of the example described above)
and so decrease the inductance L. But this is not an easy thing for existing buildings. For
new building a single entrance bonding point is of course the best solution.

install an SPD near the equipment between the terminal of the power system and a
common bonding point and do the same between the other system(s) (telecommunication
in the example) terminals and this common bonding point. In general, these devices
contain power SPDs and telecom SPDs in a single package, sometimes called
“multiservice SPDs“. Such a combined SPD would contain surge protection for all the
connections to the equipment that would be referenced by very short leads to the common
bonding point. It is required that this common bonding point is connected to PE. This
common bonding point can be the housing of the equipment to be protected, if it is
connected to PE.

Figure O.5 shows the effect of such an SPD in the experiment described in Figure O.1. Figure
0.5 should be compared to Figure O.3.
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IEC 1953/08

Key

I Current impinging on the telecommunication SPD — di/ds = 75 A/us

U Voltage between telephone port and protective conductor (PE): 200 V/division — 200 Vmax
Horizontal sweep: 2 us/division

Figure 0.5 — Voltage and current waveshapes when
a multiservice SPD is applied to circuit of Figure 0.1
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Annex P
(informative)

Short circuit backup protection and surge withstand

P.1 Introduction

Surge current not only flow through the SPDs, but also through other devices in the circuit.
These other devices include back-up protection and other type of fault current protection, and
unwanted tripping or melting can occur. It is useful to know the withstand capability of these
devices to prevent these components from limiting the surge handling capability of the
installation. In this annex, only information concerning fuses are given, for other technologies,
actual results of surge withstand are too dependent of the type of device. This is why
mechanical CBs are not under consideration in this annex, but SPD or MCBs manufacturers
can give information for association of SPDs with other devices such as CBs (MCB, MCCB,
RCD, etc.).

P.2 Information single shot 8/20 and 10/350 fuses withstand

Use the /2t calculation of wave shape compared to fuse 72¢ (1ms) from fuse manufacturer is a
possible way to guess its surge withstand for a single shot.

12t of surge can be estimated knowing the crest value of the surge and its wave shape with
these formulas.
e For wave shape 10/350:
1%t = 256,3 x Icrest?
e For wave shape 8/20:
1%t =14,01x Icrest?

With Icrest in kKA, 1%t in A%s

Examples:
e To withstand a single shot of surge current of 9 kA 8/20, the backup fuse must have a
minimum pre-arcing value greater than:
It =14,01x92=1134,8 A%

NOTE Typical pre-arcing value for 32 A cylindrical fuse gG type is: 1300 AZs.

e To withstand a single shot of surge current of 5 kA 10/350, the backup fuse must have a
minimum pre-arcing value greater than:

I?t = 256,3x5% = 6407,5 A%s

NOTE Typical pre-arcing value for 63A NH fuse gG type is: 6500 AZs.

e A new fuse with a pre-arcing value of 24 000 A%t (100 A cylinder fuse gG type) can
withstand a 8/20 single shot of:

24000
14,01

Icrest =

=414 kA
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P.3 Fuse Influencing factors (reduction) for preconditioning and operating
duty test

During the test procedure described in IEC 61643-1, the fuse has to withstand not only a
single shot but a complete sequence (preconditioning test and operating duty test). These
shocks are able to degrade the fuse and therefore decrease its withstand capability
comparing to the one single shot withstand (see P.2);

In order to pass the full preconditioning test and operating duty test, experimentations show
that a reduction factor from 0,5 to 0,9 has to be applied to the one single shot withstand
value.

Three major factors can be taken in consideration.

* Ratio between /,, and 7,5, Of fip,.
The preconditioning test is performed under I, (15 shocks) when operating duty test is
performed under /,,, or I, (0,1; 0,25; 0,5; 0,75 and 1 time /;,,, or Iin,,). If I, value is low
compared to /5, Or I;,, crest value, the ageing caused by preconditioning test under I,
shocks can be neglected compared to I, OF I, stress. On the contrary, if I,, value is close
or higher than I,,, or [, crest value, the stress of the preconditioning test is not to be
neglected.

e Absolute value compared to the one single shot fuse withstand.

When the I, I,a¢ OF I, Values are close to the maximum /... value (see Figure O.2) the
fuse degrade themselves at each shot whereas if they are far to the maximum /..., value, the
effect can be neglected.

e Tolerance of fuse

Fuse manufacturers give generally a tolerance for their device in accordance to the fuse
standard. This tolerance is not linked to the real surge withstand capability and cannot be
used for such calculation.

P.4 Specific examples with estimated range of factors for reduction of single
shot fuse withstand

A cylindrical 100 A gG fuse is supposed to withstand for one shot a surge current of 41,4kA
8/20 wave shape.

For a type 2 SPD’s test with I,,, = 40 kA and I,, = 20 kA, experience shows that this fuse is
not able to pass the full preconditioning and operating duty test.

The correct backup fuse is a 125 A gG with a minimum pre-arcing value of 40 000 A2s. From
P.2 a fuse with a minimum pre-arcing value of 40 000 AZs is able to withstand one single shot
8/20 wave shape of 53,4 kA.

The ratio between the single 8/20 shot crest current value of this fuse, and the real withstand
for the full test, is in this case 0,75.

In Table P.1 some characteristics values are given following the same analysis, where I, is
the double of /, for type 2 SPD and where the value of /, is equivalent to /;,, for type 1 SPD.
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Table P.1 — Examples of ratio between single shot withstand and full
preconditioning/operating duty test

Typical Typical Pre-arcing value, crest current from simplified formula in P.2
rated and real testing
current Cyl gG NH gG
of the - -
fuse |Pre- Calculated | After test | Ratio | Pre- Calculated After Ratio
arcing arcing test
Pt 8/20 8/20 Pt 10/350 10/350
25 800 7,6 5 0,66
32 1300 9,6 7 0,73
40 2 500 13,4 10 0,75
50 4200 17,3 15 0,87
63 7 500 231 17 0,73
80 14 500 32,2 25 0,78
100 24 000 41,4 30 0,72 20 000 8,8 5 0,57
125 40 000 53,4 40 0,75 33 000 11,3 7 0,62
160 60 000 15,3 10 0,65
200 100 000 19,75 15 0,76
250 200 000 27,93 20 0,72
315 300 000 34,21 25 0,73

© STANDARDS MALAYSIA 2012 - All rights reserved



MS IEC 61643-12:2012 - 153 -

Bibliography

NOTE The clause to which the reference relates is identified as [xxx] below.
IEC 60038, IEC standard voltages

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

IEC 60364-4-43, Electrical installations of buildings — Part 4-43: Protection for safety —
Protection against overcurrent

IEC 60999-1, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 1: General requirements and particular
requirements for clamping units for conductors from 0,2 mm? up to 35 mm? (included)

IEC/TR 61000-5-6: 2002, Electromagnetic compatibility (EMC) — Part 5-6: Installation and
mitigation guidelines — Mitigation of external EM influences, under consideration.

IEC/TR 62066: 2002, Surge overvoltages and surge protection in low-voltage a.c. power
systems — General basic information

IEEE C62.41.1, IEEE guide on the surge environment in low-voltage (1 000 V and less) AC
power circuits

IEEE C62.41.2, IEEE recommended practice on characterization of surges in low-voltage
(1000 V and less) AC power circuits

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

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

Sharing of the current in case of direct strike to the structure [Annex |, 1.1.2]

A. ROUSSEAU, P. AURIOL, A. RAKOTOMALALA, Lightning distribution through earthing
systems, Hobart Lightning Protection Workshop, 1992.

H. ALTMAIER, D. PELZ, K. SCHEIBE, Computer simulation of surge voltage protection in low
voltage systems, ICLP, 1992.

Temporary overvoltages [4.1.3]:
M. CLEMENT, J. MICHAUD, Overvoltages on the low voltage distribution networks, CIRED, 1993.

Surge coordination between SPDs and RCDs or overcurrent devices [6.2.4.3]:

J. SCHONAU, F. NOACK, R. BROCKE, Coordination of fuses and overvoltages protection
devices in low voltage mains. Fifth International Conference on Electrical Fuses and their
Applications, 1995.

Coordination of SPDs [6.2.6]:

P. HASSE, P. ZAHLMANN, J. WIESINGER, W. ZISCHANK, Principle for an advanced
coordination of surge protective devices in low voltage systems, ICLP 1994.

A. ROUSSEAU, T. PERCHE, Coordination of surge arresters in the low voltage field, INTELEC, 1995.

© STANDARDS MALAYSIA 2012 - All rights reserved



- 154 — MS IEC 61643-12:2012

F. MARTZLOFF, J.S. LAI, Coordinating cascaded surge protective devices: high-low versus
low-high, IEEE IAS, 1991.

J. HUSE et al., Coordination of surge protective devices in power supply systems: need for a
secondary protection, ICLP, 1992.

Risk analysis [Clause 7]:

A. ROUSSEAU, Choice of low voltage surge arresters based on risk analysis, Power Quality, 1995.

General advice on protection of electronic equipment within or on structures against lightning,
BS6651 Informative Appendix C, British Standards Institution, 1992.

Information [Annex A]:

IEC 60099-4:2004, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems, 1998.

Environment [Annex C]:

IEEE Recommended practice on surge voltages in low-voltage a.c. power circuits C 62-41, 1991.

Application principles [Annex GI:

IEC 60099-5, Surge arresters — Part 5: Selection and application recommendations, 1995.

© STANDARDS MALAYSIA 2012 - All rights reserved



Acknowledgements

Members of Technical Committee on Low Voltage Switchgear, Controlgear and Wiring

Accessories

Mr Dahari Mat Siran (Chairman)

Mr Tan Boon Chong (Deputy Chairman)
Ms Rosnah Mohd Yusof (Secretary)
Mr Lim Say Leong

Ir Looi Hip Peu

Mr Low Chin Heng

Ir Sabariah Hussain

Mr Jon Tham

Mr Mohd Ismail/Ms Amzidah Ahmad

Ir Amir Hassan/ Ms Nur Faidarina Alias
Mr Muhaz Rizal Muhamad

Ir Tan Chow Heang

Mr Khoo Lin Siang

Dr Saad Mekhilef

Association of Suppliers Against Fake Electrical
Equipment

Clipsal International Pte Ltd

SIRIM Berhad

ABB Malaysia Sdn Bhd

Association of Consulting Engineers Malaysia
Federation of Malaysian Manufacturers

Jabatan Kerja Raya Malaysia

Megapower Manufacturing (M) Sdn Bhd

SIRIM QAS International Sdn Bhd

Suruhanjaya Tenaga

Tenaga Nasional Berhad

Tenaga Nasional Berhad (Distribution Division)

The Electrical and Electronics Association of Malaysia
Universiti Malaya

Members of Working Group on Circuit Breaker and Similar Equipment for Household

Use

Mr Dahari Mat Siran (Chairman)
Ms Rosnah Mohd Yusof (Secretary)
Mr Lim Say Leong

Ir Looi Hip Peu

Mr Tan Boon Chong

Ir Siti Nor Hassan

Mr Mark Gau

Mr Ravindran Chinathambi/
Ms Amzidah Ahmad

Ir Amir Hassan
Ir Tan Chow Heang
Mr Khoo Lin Siang

Hager Engineering (M) Sdn Bhd

SIRIM Berhad

ABB Malaysia Sdn Bhd

Association of Consulting Engineers Malaysia
Clipsal International Pte Ltd

Jabatan Kerja Raya Malaysia

Schneider Electric Industries (M) Sdn Bhd
SIRIM QAS International Sdn Bhd

Suruhanjaya Tenaga
Tenaga Nasional Berhad (Distribution Division)
Time Era Sdn Bhd

© STANDARDS MALAYSIA 2012 - All rights reserved



© Copyright 2012

All rights reserved. No part of this publication may be reproduced or utilised in any
form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the Department of Standards Malaysia.



