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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SURGE PROTECTIVE DEVICES -

Part 32: Surge protective devices connected to the d.c. side of
photovoltaic installations — Selection and application principles

FOREWORD

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

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

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

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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

International Standard IEC 61643-32 has been prepared by subcommittee 37A: Low-voltage
surge protective devices, of IEC technical committee 37: Surge arresters.

The text of this International Standard is based on the following documents:

FDIS Report on voting
37A/302/FDIS 37A/303/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

Documents

Document Sharing Hub

Full document details: IEC 61643-32 2017


http://avadocuments2026.com/doc/iec-61643-32-2017
http://avadocuments2026.com/doc/iec-61643-32-2017

IEC 61643-32:2017 © IEC 2017 -5-

The following differing practices of a less permanent nature exist in the countries indicated
below.

Annex D: Class | tested SPDs are not required (United States)

A list of all parts of the IEC 61643 series can be found, under the general title Low-voltage
surge protection devices, on the IEC website.

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

e reconfirmed,

o withdrawn,

o replaced by a revised edition, or

e amended.

The contents of the corrigendum of June 2019 have been included in this copy.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This part of IEC 61643 provides useful information for the selection of SPDs connected to
photovoltaic installations.

This part of IEC 61643 provides information to evaluate, with reference to the IEC 62305
series, |[EC 60364 series and IEC 61643-12, the additional needs for surge protective devices
(SPDs) to be installed on the DC side of a photovoltaic (PV) system, to protect against
induced and direct lightning effects. It gives guidance for selection, operation and installation
of SPDs, including the selection of SPD test class, surge current values and cross section of
bonding conductors. Guidance for selection of SPDs connected to the AC side is also given.

The specific electrical parameters of a PV array or a PV source require specific SPDs on the
DC side.

This part of IEC 61643 considers SPDs used in different locations and in different kinds of PV
systems. It gives examples and provides a simplified and common approach to determine
impulse discharge current values for the DC side of different PV installations.
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LOW-VOLTAGE SURGE PROTECTIVE DEVICES -

Part 32: Surge protective devices connected to the DC side of
photovoltaic installations — Selection and application principles

1 Scope

This part of IEC 61643 describes the principles for selection, installation and coordination of
SPDs intended for use in Photovoltaic (PV) systems up to 1 500 V DC and for the AC side of
the PV system rated up to 1 000 V rms 50/60 Hz.

The photovoltaic installation extends from a PV array or a set of interconnected PV-modules
to include the associated cabling and protective devices and the inverter up to the connection
point in the distribution board or the utility supply point.

This part of IEC 61643 considers SPDs used in different locations and in different kinds of PV
systems:

— PV systems located on the top of a building.

— PV systems located on the ground like free field power plants characterized by multiple
earthing and a meshed earthing system.

The term PV installation is used to refer to both kinds of PV systems. The term PV power
plant is only used for extended free-field multi-earthed power systems located on the ground.

For PV installations including batteries additional requirements may be necessary.

NOTE 1 IEC 60364 series, IEC 62305 series and IEC 61643-12 also apply.

NOTE 2 This standard deals only with SPDs and not with surge protective components integrated inside
equipment (e.g. inverters, (PCE) power conversion equipment).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances
IEC 60364-4-44:2007/AMD1:2015

IEC 60364-5-53:2015, Electrical installations of buildings — Part 5-53: Selection and erection
of electrical equipment — Isolation, switching and control

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

IEC 60364-7-712:2017, Low voltage electrical installations — Part 7-712: Requirements for
special installations or locations — Solar photovoltaic (PV) power supply systems

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests Documents
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IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques — Surge immunity test

IEC 61643-11:2011, Low-voltage surge protective devices — Part 11: Surge protective devices
connected to low-voltage power systems — Requirements and test methods

IEC 61643-12, Low-voltage surge protective devices — Part 12: Surge protective devices
connected to low-voltage power distribution systems — Selection and application principles

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

IEC 61643-31, Low-voltage surge protective devices — Part 31: Surge protective devices
connected to the DC side of photovoltaic installations — Requirements and test methods

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

IEC 62305-3:2010, Protection against lightning — Part 3: Physical damage to structures and
life hazard

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

ITU-T, Recommendation K.20, Resistibility of telecommunication equipment installed in a
telecommunications centre to overvoltages and overcurrents

ITU-T, Recommendation K.21, Resistibility of telecommunication equipment installed in
customer premises to overvoltages and overcurrents

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
PV array
assembly of electrically interconnected PV modules, PV strings or PV sub-arrays

Note 1 to entry: For the purposes of this document a PV array is all components up to the d.c. input terminals of
the PCE or other power conversion equipment or DC loads. A PV array does not include its foundation, tracking
apparatus, thermal control and other such components.

1 Under preparation: Stage at the time of publication: IEC/FDIS 61643-31:2017.
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Note 2 to entry: A PV array may consist of a single PV module, a single PV string, or several parallel-connected
strings, or several parallel-connected PV sub-arrays and their associated electrical components. For the purposes
of this standard the boundary of a PV array is the output side of the PV array disconnecting device.

[SOURCE: IEC 60364-7-712:2017, 712.3.4]

3.2
PV module
smallest complete environmentally protected assembly of interconnected cells

[SOURCE: IEC 60364-7-712:2017, 712.3.2]

3.3
PV string
circuit of one or more series-connected modules

[SOURCE: IEC 60364-7-712:2017, 712.3.3]

3.4
PV installation
erected equipment of a PV power supply installation

[SOURCE: IEC 60364-7-712:2017, 712.3.11]

3.5
origin of the electrical installation
point at which the electric energy is delivered to the electrical installation

[SOURCE: IEC 60050-826:2004, 826-10-02]

3.6

lightning protection system

LPS

complete system used to reduce physical damage due to lightning flashes to a structure

Note 1 to entry: It consists of both external and internal lightning protection systems.

[SOURCE: IEC 62305-1:2010, 3.42]

3.7

external LPS isolated from the structure to be protected

LPS with an air-termination system and down conductor system installed in such a way that
the path of the lightning current has no contact with the structure to be protected

Note 1 to entry: In an isolated LPS dangerous sparks between the LPS and the structure are avoided

[SOURCE: IEC 62305-3:2010, 3.3]

3.8

surge protective device

SPD

device that contains at least one nonlinear component that is intended to limit surge voltages
and divert surge currents

Note 1 to entry: An SPD is a complete assembly, having appropriate connecting means
[SOURCE: IEC 61643-11:2011, 3.1.1]
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3.9

separation distance

s

distance between two conductive parts at which no dangerous sparking can occur

[SOURCE: IEC 62305-3:2010, 3.28]

3.10

lightning equipotential bonding

EB

bonding to the LPS of separated conductive parts, by direct connections or via surge
protective devices, to reduce potential differences caused by lightning current

[SOURCE: IEC 62305-3:2010, 3.23]

3.1

bonding bar

metal bar on which metal installations, external conductive parts, electric power and
telecommunication lines, and other cables can be bonded to an LPS

[SOURCE: IEC 62305-3:2010, 3.24]

3.12
bonding conductor
conductor connecting separated conductive parts to LPS

[SOURCE: IEC 62305-3:2010, 3.25]

3.13

standard test conditions

STC

standard set of reference conditions used for the testing and rating of photovoltaic cells and
modules

Note 1 to entry: See product standard (eg. IEC 61215).

Note 2 to entry: The standard test conditions given in IEC 61215 for PV modules are
a) PV cell temperature of 25 °C

b) Irradiance in plane of the PV cell or module of 1000 W/m2

c) Light spectrum corresponding to an atmospheric air mass of 1,5.

[SOURCE: IEC 60364-7-712:2017, 712.3.12]

3.14
open-circuit voltage under standard test conditions

Uoc stc
voltage under standard test conditions across an unloaded (open) PV module, PV string or PV

array, or on the DC side of the PV-inverter or power conversion equipment

[SOURCE: IEC 60364-7-712:2017, 712.3.13, modified (addition of "-inverter or power
conversion equipment")]

3.15
Open-circuit maximum voltage

Uoc max
maximum voltage across an unloaded (open) PV module, PV string or PV array, or on the DC

side of the PV-inverter or power conversion equipment

Note 1 to entry: Calculation of Uy yax is Performed in Annex B. Documents
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3.16
short-circuit current under standard test conditions

Isc stc
short-circuit current of a PV module, PV string or PV array under standard test conditions

[SOURCE: IEC 60364-7-712:2017, 712.3.15]

3.17
short-circuit maximum current

Isc max o _
maximum short-circuit current of a PV module, PV string or PV array

Note 1 to entry: Calculation of /g, yax i Performed in Annex B.

[SOURCE: IEC 60364-7-712:2017, 712.3.16]

3.18
maximum continuous operating voltage for PV application

Ucpy
maximum DC voltage which may be continuously applied to the SPD’s mode of protection

Note 1 to entry: This value is equal to, or greater than Uq yax-

[SOURCE: IEC 61643-31:-, 3.1.10]

3.19
short-circuit current rating of the SPD

lscpv
maximum prospective short-circuit current from the power system for which the SPD, in

conjunction with the disconnector specified, is rated

Note 1 to entry: This value is equal to or greater than /4. \ax-

[SOURCE: IEC 61643-31:—, 3.1.25]

3.20

Open-Circuit Failure Mode

OCFM

failure behaviour whereby an SPD changes to a permanent high impedance or open circuit
state under certain conditions

Note 1 to entry: A low impedance intermediate state is possible for a limited time until the final failure mode is
reached.

[SOURCE: IEC 61643-31:-, 3.1.40]

3.21

Short-Circuit Failure Mode

SCFM

failure behaviour whereby an SPD changes to a permanent low impedance or short circuit
state under certain conditions

[SOURCE: IEC 61643-31:—, 3.1.41]
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3.22

Rated impulse voltage

UW

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

Note 1 to entry: For the purpose of this standard only withstand voltages between live conductors and earth is
considered.

Note 2 to entry: U,

\v is measured with a 1,2/50 ps voltage impulse wave shape.

Note 3 to entry: In some other standards also called Uimp.

[SOURCE: IEC 60664-1:2007, 3.9.2, modified (addition of Notes to entry)]

3.23
total discharge current

’Total
current which flows through the earth conductor of a multipole SPD during the total discharge

current test

Note 1 to entry: The aim is to take into account cumulative effects that occur when multiple modes of protection of
a multipole SPD conduct at the same time.

Note 2 to entry: Iy, is particularly relevant for SPDs tested according to test class |, and is used for the purpose
of lightning protection equipotential bonding according to IEC 62305 series.

[SOURCE: IEC 61643-11:2011, 3.1.44, modified ("PE or PEN conductor" replaced by "earth
conductor")]

4 Systems and equipment to be protected

Equipment within a PV installation that may require protection includes:

— The inverter, i.e. both the AC interface with the AC LV power system and the DC interface;
— The PV array;

— The wiring (installation itself)

— Components installed between the inverter and the PV array;

— Equipment for controlling and monitoring the PV installation.

Overvoltages can destroy or degrade a PV installation or can cause malfunction, therefore PV
installations should be protected.

The evaluation of the need for protection and the proper selection of protective measures
requires information from the manufacturer concerning the withstand voltage of the
equipment. If such information is not readily available, the rated impulse voltage U,, for the
equipment provided in Subclause 9.1.2 and in Table 2 can be used as a guide. Partial
lightning currents can cause uncontrolled flashovers and trigger fires. Surge protection
measures may help to reduce the risk of fire (see the IEC 62305 series).

5 Overvoltages in a PV installation

Several conditions may cause overvoltages in a PV installation. These include:
— direct strikes (S1) to the external lightning protection system (LPS) of the building or
lightning flashes near (S2) to the buildings and/or PV installation,

— direct strikes (S3) and lightning induced currents (S4) distributed into th ]
otk Dottifflents
Document Sharing Hub

Full document details: IEC 61643-32 2017


http://avadocuments2026.com/doc/iec-61643-32-2017
http://avadocuments2026.com/doc/iec-61643-32-2017

IEC 61643-32:2017 © IEC 2017 -13 -

— overvoltages created by the distribution network, e.g., those due to switching operations
NOTE 1 S1, S2, S3 and S4 are addressed in IEC 62305 series.

NOTE 2 Overvoltages are described in IEC 60364-4-44.

Repetitive switching overvoltages (spikes) on the AC voltage created by electronic inverter /
converter technology may require special consideration for the selection of SPDs.

The protection requirements in this document are based on the assumption that the cables
interconnecting the DC components of the PV installation are sufficiently protected from direct
lightning flashes, either by appropriate routing or by shielding (e.g. the use of an appropriate
cable management system).

6 Installation and location of SPDs

6.1 General

According to IEC 61643-12 and the IEC 62305 series, selection and installation of SPDs for
protection of PV systems depend on many factors, but primarily:

— the lightning ground flash density Ng (1/km?2 / year) or the isokeraunic level Tp (number of
thunder storm days per year) of the location,

— the characteristics of the low-voltage power system (e.g. overhead lines or underground
cables) and of the equipment to be protected,

— whether the PV installation needs to be protected against direct lightning with an external
LPS.

When installations are protected by an external LPS, the requirements for SPDs depend on:

— the selected class of the LPS (see simplified method in Annex A),

— whether the separation distance (s) is maintained between the LPS and the PV installation
(isolated LPS) or not maintained (non-isolated LPS).

For further details on external LPS and separation distance requirements, see IEC 62305-3.

For optimum inverter overvoltage protection, a direct earthing connection between the SPD
and the inverter is recommended.

The selection of SPD test class and minimum cross section of bonding conductors shall be
done according to Table 1.
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Table 1 — Selection of SPD test class and
cross section of bonding conductor

SPD test class and corresponding bonding cross sectional areas

Situation

Installation of SPDs in case of PV
installation without external LPS
(see 6.2.1)

SPD at Location

©

SPD tested according
to class | acc. to

IEC 61643-11 2

16 mm?2

or

SPD tested according
to class Il acc. to

IEC 61643-11 2

6 mm?2

SPD at Location

®

SPD tested according
to class Il acc. to

IEC 61643-11 2

6 mm?

SPD at Location

@and@

SPD tested according
to class Il acc. to

IEC 61643-31 2

6 mm?

Installation of SPDs in case of a
building with external LPS when
separation distance s is kept

(see 6.2.2)

SPD tested according
to class | acc. to

IEC 61643-11

16 mm?2

SPD tested according
to class Il acc. to

IEC 61643-11

6 mm?

SPD tested according
to class Il acc. to

IEC 61643-31

6 mm?

Installation of SPDs in case of a
building with external LPS when
separation distance s is not kept

(see 6.2.3 and Annex A)

SPD tested according
to class | acc. to

IEC 61643-11

16 mm?2

SPD tested according
to class | acc. to

IEC 61643-11 2

16 mm?2

SPD tested according
to class | acc. to

IEC 61643-31

16 mm?2

a8 If necessary

NOTE The minimum cross sectional requirements of conductors differ in some countries. The foreword in
IEC 62305-3 explains these differences.

SPDs according to IEC 61643-31 are marked with a PV sign.
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6.2 Requirements for different PV installations:

6.2.1 PV installation without an external LPS

Main distribution board PV inverter PV array

Grid @
Iy Iy
* 7" 7r |
SPD @ SPD
Main
earthing
bar Earth termination system of building
I
—
- IEC
Legend

1 Class Il tested SPD according to IEC 61643-31
2 Class Il tested SPD according to IEC 61643-11
3 Class | or class Il tested SPD according to IEC 61643-11
4 Class |l tested SPD according to IEC 61643-31
Figure 1 — Installation of SPDs in the case of a

building without an external LPS

In general, two SPDs on the DC side (location 1 and 4) and two SPDs on the AC side of the
inverter (location 3 and 2) should be installed as shown in Figure 1.

NOTE When a shielded DC power cable is used, the equipment interfaces with such cable are inherently
protected from induced overvoltages.

The SPD in location 2 is not required if:

e The distance between the SPD in the main distribution board and the inverter is less than
10 m, and the PE conductor is routed with the AC power conductors (see 9.1.3). In this
case a single SPD shall be installed in the main distribution board at location 3.

or

e The inverter and the main distribution board are connected to the same earthing bar with a
cable length each less than or equal to 0.5 m (e.g., the inverter is located inside the main
distribution board).

The SPD in location 4 is not required if:

e The distance between the inverter and the PV array is less than 10 m and the protection
level (Up) of the SPD installed in location 1 is less than or equal to 0,8 U,, of the PV
array’s withstand voltage (see 9.2.3),

or
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e The protection level (U,) of the SPD installed in location 1 is less than or equal to 0,5 U,,
of the PV array’s withstand voltage and the PE conductor is routed close to the DC
conductors.

6.2.2 PV installation with an external LPS when the separation distance (s) is
maintained (excluding multi-earthed solar systems, such as PV power plants)

This is a preferable solution compared to the case where the separation distance s is not
maintained.

Measures to reduce the separation distance (s) (e.g. multiple or meshed down conductors) or
use of an external LPS isolated from the structure (the PV system being part of that structure)
to be protected, are preferred in comparison to the measures required in 6.2.3.

An external LPS isolated from the structure to be protected may be used only in the vicinity of
the PV-system (partly isolated LPS).

LPS A\
Main distribution board PV inverter PV array @
® R=10 , 0 N
11 X - 11
* 7 G <>
SPD @ SPD | [~~~ SPD SPD

Earth termination system of building

Main
earthing » F
bar !
r—
IEC
Legend

1 Class Il tested SPD according to IEC 61643-31
2 Class Il tested SPD according to IEC 61643-11
3 Class | tested SPD according to IEC 61643-11
4 Class Il tested SPD according to IEC 61643-31
5 LPS air termination system

6 LPS down conductor

Figure 2 — Installation of SPDs in the case of a PV installation
with an external LPS where the separation distance (s) is maintained

In general, two SPDs on the DC side (location 1 and 4) and two SPDs on the AC side of the
inverter (location 3 and 2) should be installed, as shown in Figure 2.

The SPD in location 2 is not required if:

e The distance between the SPDs in the main distribution board and the inverter is less than
10 m and the induced voltage to lightning current flowing in the down conductor can be

ignored (see IEC 62305-4). Documents
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or

e The inverter and the main distribution board are connected to the same earthing bar with a
cable of length less than or equal to 0.5 m (e.g. the inverter is located inside the main
distribution board).

The SPD in location 4 is not required if:

e The distance between the inverter and the PV array is less than 10 m and the protection
level (Up) of the SPD installed in location 1 is less than or equal to 0,8 U, of the PV
array’s withstand voltage (see 9.2.3),

or

e The protection level (U,) of the SPD installed in location 1 is less than or equal to 0,5 U,,
of the PV array’s withstand voltage and the PE conductor is routed close to the DC
conductors.

6.2.3 PV installation with an external LPS where the separation distance (s) cannot
be maintained (including multi-earthed systems, such as PV power plants)

LPS A\
Main distribution board PV inverter PV array @

Grid @ — ® N @ E

'y R
» 7 | Tr | *—9
SPD @ SPD ||~ SPD SPD

Earth termination system of building

Main
earthing L
bar
IEC
Legend

1 Class | tested SPD according to IEC 61643-31

Class | tested SPD according to IEC 61643-11 (see exception below)
Class | tested SPD according to IEC 61643-11

Class | tested SPD according to IEC 61643-31

LPS air termination system

LPS down conductor system

m o a » W N

Equipotential bonding (separation distance is not maintained = non-isolated LPS)
Figure 3 — Installation of SPDs in the case of a PV-installation with
an external LPS where the separation distance (s) cannot be maintained

When protected by SPDs, other parts of the installation connected to the same bars may
require SPDs tested according to class | tests.

In this configuration the AC and the DC conductors act as parallel conductors to the
equipotential bonding conductors. Figure A.1 and Tables A.1 and A.2 provide further
information relating to the selection of the SPDs. Documents
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Test class | SPDs are required for locations 1, 2, 3 and 4. SPDs for location 1 and 2 should
be installed as close as possible to the inverter, as shown in Figure 3. The SPD in location 4
should be installed as close as possible to the PV array.

In general, SPDs in location 2 and 3 are required, except where the inverter and the main
distribution board are connected to the same earthing bar with a cable length less than or
equal to 0,5 m (e.g. the inverter is located inside the main distribution board). In such a case
the SPD in location 2 is not required.

6.2.4 PV installation including communication and signalling circuits

Where SPDs are required for the power circuits, SPDs should also be considered for the
telecommunication and signalling circuits. An example is shown in Figure C.1.

7 Equipotential bonding

The earthing arrangements and protective conductors in PV systems shall follow the rules of
IEC 60364-7-712. The present document gives additional information.

Minimum cross sectional area of equipotential bonding conductors should comply with the
requirements of IEC 60364-5-54, IEC 61643-12 and IEC 62305-3.

If the equipotential bonding conductors can be considered as down conductors, their minimum
cross sectional area shall be 50 mm?2 copper, or equivalent.

If the equipotential bonding conductors carry partial lightning current, their minimum cross
sectional area shall be 16 mmZ2 copper, or equivalent.

If the equipotential bonding conductors carry only induced lightning current, their minimum
cross sectional area shall be 6 mm? copper, or equivalent.

The minimum cross sectional area of the bonding conductors connecting conductive parts to
the bonding bar shall be 6 mmZ2 copper, or equivalent.

In the case of a PV installation not connected to the LPS, the minimum cross sectional area of
the bonding conductor connecting different bonding bars and of conductors connecting the
bars to the earth termination system shall be 6 mm2 copper, or equivalent.

NOTE The minimum cross sectional requirements of conductors differ in some countries. The Foreword in
IEC 62305-3 explains these differences.

Components where a significant partial lightning current will flow should comply with the
IEC 62561 series.

Whenever a PV installation is protected by an LPS, the minimum separation distance (s)
between the LPS and the metal structures of the PV installation should be maintained to
prevent partial lightning currents flowing through these structures. An example is provided in
Figure C.2. Dimensions of all equipotential bonding conductors shall be 6 mm2 except the one
indicated in Figure C.2, for the earthing conductor of the class | tested SPD located at the
main distribution board.

When a PV array is protected by an LPS, and when the separation distance (s) cannot be
maintained, a direct connection between the external LPS and the metallic structure of the PV
array should be provided. This connection should be able to withstand partial lightning
current. Minimum cross sections of equipotential bonding conductors should then be as
shown in Figure C.3 and as required by IEC 60364-5-54, IEC 61643-12 and IEC 62305-3.
Dimensions of all equipotential bonding conductors shall be 16 mm?2 except the Cbe used_to
earth the inverter, as shown in Figure C.3. Ocuments
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8 Requirements for the installation of surge protective devices (SPDs) in a
PV system

The installation of SPDs on the DC and AC sides of a PV installation is mandatory unless
indicated otherwise by a risk assessment.

For large PV installations usually IEC 62305-2 is applied, for smaller PV installations other
risk evaluation methods such as those described in IEC 61643-12, |IEC 60364-4-44:2015,
Clause 443 for SPDs on the AC side and IEC 60364-7-712 for SPDs on the DC side, may be
used.

When SPDs are installed to protect the PV-installation, it is necessary also to protect any
telecommunication and signalling circuits which are part of the PV system.

SPDs shall comply with:

— IEC 61643-11 for surge protective devices connected to AC low-voltage power systems
— |IEC 61643-31 for surge protective devices connected to DC photovoltaic systems

— |EC 61643-21 for surge protective devices connected to telecommunication and signalling
lines

Additionally the selection and installation of SPDs shall comply with the installation rules
given in:

— |EC 60364-5-53:2015, Clause 534, IEC 61643-12 and IEC 62305-4 for the protection of
AC power systems.

— |IEC 61643-22 or IEC 62305-4 for the protection of the control and communication
systems.

9 Selection and installation of SPDs in PV installations

9.1 Selection of SPDs on the AC side
9.1.1 General

The selection and installation of SPDs for the protection of the AC side of PV installations
shall follow the rules of IEC 60364-5-53:2015, Clause 534, IEC 61643-12 and IEC 62305-4.
The present document takes into account only some specific details for the protection of the
equipment on the AC side of the PV installation.

NOTE The voltages between the AC conductors and earth depend on the inverter technology and are not always
purely sinusoidal AC voltages. Selection of SPDs on the AC side should take into consideration the voltage
waveform distortion, e.g.if significant spikes are expected.

9.1.2 Selection of SPDs with regard to nominal discharge current /,, and impulse

current [,

The minimum nominal discharge current /,, for each mode of protection shall be 5 kA 8/20 for
the test class Il SPDs. A higher value may result in a longer lifetime.

If a test class | SPD is required at the connection point between the PV installation and the
public network (usually at the main distribution board), this SPD shall have a minimum
impulse current [, as required by IEC 60364-5-53:2015, Clause 534 and IEC 61634-12.

imp

For these installations higher values of /.., as defined by the IEC 62305 series may be
required. A simplified approach to define the value of /., depending on the risk according to
the Lightning Protection Level (LPL) is given in IEC 61643-12.
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9.1.3 Selection of SPDs with regard to voltage protection level Up

In order to select an SPD with the appropriate voltage protection level, it is necessary to
determine the rated impulse voltage U, of the equipment and its EMC immunity level, as
defined by IEC 61000-4-5:

— for power lines and corresponding equipment terminations as defined by |IEC 61000-4-5,
IEC 60364-4-44:2015, Clause 443 and IEC 60664-1;

— for signalling lines and corresponding equipment terminations as defined by IEC 61000-4-
5, ITU-T K.20 and K.21.

To ensure effective protection of the equipment, the voltage protection level U, must be lower
than the rated impulse voltage U, of the equipment to be protected. In general a safety
margin of at least 20 % between the rated impulse voltage of the equipment and
U,=<0,8times U, should be maintained (see IEC 61643-12 and I|EC 62305-4). See
IIfC 60364-5-53:2015, Clause 534 for possible exceptions. If not otherwise specified, the
acceptable overvoltage category is category Il. The maximum impulse voltage expected to
reach the equipment is then 2,5 kV for 230/400 V AC systems. This generally requires a
protection scheme with a number of coordinated SPDs. The manufacturers of SPDs may
provide the necessary information for such coordination.

9.1.4 Installation of SPDs on the AC side

An SPD should be installed as close as possible to the origin of the electrical installation, e.g.
at the connection point of the PV installation to the public power utility network (Figure 4). If
the length of the wiring between this SPD and the inverter (distance E) is equal to or greater
than 10 m, it is recommended that the inverter be protected with an additional SPD adjacent
to that inverter (Figure 5). In addition, the PE conductor should be routed close to the AC
conductors.

NOTE For the case described in 6.2.3, the second SPD at the inverter is mandatory.

If the total wire length as defined in Figure 4 and Figure 5 exceeds 0,5 m the requirements
given in Subclause 534.4.8 of IEC 60364-5-53:2015 may apply.
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E<10m

L1+L2+L3<50cm

IEC
Key
E Distance between origin of installation and inverter

L1, L2 and L3 Length of connecting cable

D external SPD disconnector

Figure 4 — Installation of SPDs on the AC side with a short distance
between the origin of the installation and the PV inverter (E < 10 m)

E =210 m

L1+ L2+ L3<50cm

IEC

Key
E Distance between origin of installation and inverter

L1, L2 and L3 Length of connecting cable

D external SPD disconnector

Figure 5 — Installation of SPDs on the AC side with a long distance between
the origin of the installation and the PV inverter (E 2 10 m) Documents
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9.2 Selection of SPDs installed on the DC side
9.2.1 General

The selection and installation of SPDs for the protection of the DC side of PV installations
shall follow the rules of IEC 60364-7-712. The present document gives additional information.

Due to the specific U/l-characteristic of PV systems only SPDs explicitly designated for use
on the DC side of PV systems shall be installed. These SPDs shall comply with the
requirements of IEC 61643-31.

9.2.2 Selection of SPDs with regard to nominal discharge current /,, and impulse

current [,

The minimum nominal discharge current /| shall be 5 kA 8/20 per mode of protection for the
class Il tested SPDs. A higher value may result in a longer SPD lifetime.

The selection of impulse current [, for class | tested SPDs shall be made according to
Annex A. If sufficient data is not available to apply Annex A, the minimum impulse current limp
is 12,5 kA per mode of protection for LPL IlI/IV according to IEC 60364-7-712.

9.2.3  Selection of Ugpy of SPDs on the DC side

The maximum continuous operating voltage Ugpy, for all SPD modes of protection (+/-, +/earth
and -/earth) shall be higher than or equal to the maximum open circuit voltage Ugc max Of the
PV array under all service conditions (further information is given in Annex B).

NOTE The voltage waveshapes between the DC conductors and earth depends on the inverter technology and
are not always smooth DC. Selection of SPDs on the DC side should take the DC ripple into account.

9.2.4 Selection of SPDs with regard to voltage protection level Up

In order to identify the required protection level, it is necessary to determine the rated impulse
voltage U, of the equipment or the equipment level immunity (see IEC 61000-4-5) at the:

— Power terminals according to IEC 60664-1 and IEC 61000-4-5,
— Signalling and telecommunication ports according to IEC 61000-4-5, ITU-T K.20 and K.21.

To ensure effective protection of the equipment, the voltage protection level U, must be lower
than the rated impulse voltage U, of the equipment to be protected. In general a safety
margin of at least 20 % between the rated impulse voltage of the equipment and U, < 0,8
times U,, should be maintained (see IEC 62305-4).In addition, the PE conductor should be
routed close to the DC conductors. If no further information is given, the rated impulse voltage
U,, for the equipment can be selected from Table 2.

For circuits with SPDs consisting of a combination of single protection mode SPDs
(A,B,C...X,Y,Z as in Figures 7 and 8), or for multipole SPDs, where not all possible modes of
protection are declared by the manufacturer, the voltage protection level of the individual
SPDs must be added to get the total voltage protection level.
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Table 2 — Rated impulse voltage U,, for equipment between PV array
and inverter (where no other information is available)

u, IVl
Uocmax Module Class B 9 Inverter Other Modules Class A 9) and other
vl basic insulation 2 equipment © equipment with
double/reinforced insulation
100 800 800 1500
150 1 500 2500 1500 2 500
(minimum
300 2 500 requirement) 2 500 4 000
424 4 000 4 000 4 000
600 4 000 4 000 6 000
800 9 5000 4 000 5000 6 000
849 6 000 6 000 8 000
1 000 6 000 6 000 6 000 8 000
1 500 ©) 8 000 8 000 8 000 12 000

All rated impulse voltages correspond to overvoltage category Il:
a) |EC 61730-2:2004 basic insulation (Table 8)
b) |EC 62109-1:2010, 7.3.7.1.2 b

U, acc. IEC 60664-1:2007

p
4 In accordance with IEC 61730-2:2004, linear interpolation is allowed, and has been applied to this table for
clarity
e) Recommended values based on Annex D of IEC 60664-2-1:2011
) Double/reinforced insulation is a protective measure and therefore the voltage protection levels of the SPD
may not exceed the rated impulse voltage for a basic insulation as provided in columns 2 to 4 of this table

9 For further information on Class A and Class B refer to IEC 61730-:2004

The cables to be protected against direct strikes are:

— The DC power cables from the PV array to the inverter

— Signal cables which connect sensors to the control equipment and data cables from the
entrance into the PV installation up to the control equipment, if present.

9.2.5 Installation of SPDs on the DC side

For PV installations described in 6.2.1 and 6.2.2, when the distance E between the PV
modules and the inverter is equal to or greater than 10 m, two sets of SPDs are necessary to
sufficiently protect both the PV modules and the inverter (see Figure 6).

For PV installations described in 6.2.1 and 6.2.2, when the distance E between the units to be
protected is less than 10 meters, one set of SPDs may be enough. For common PV modules,
it can be assumed that their rated impulse voltage is higher than the rated impulse voltage U,,
of the inverter. Therefore, it is recommended that the SPD be installed close to the inverter.

The total length of connecting cables (L1+L2) shall be as short as possible (preferably not
exceeding 0,5 m for the total lead length).

If the total wire length, as defined in figure 6, exceeds 0,5 m, the requirements given in
Subclause 534.4.8 of IEC 60364-5-53:2015 may apply.

NOTE For case described in 6.2.3, the second SPD at the inverter is mandatory.
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Figure 6 — Example of overvoltage protection
on the DC side of a PV installation

9.2.6 Cross-sections of connecting conductors for SPDs on the DC side

The connection of SPDs should be in accordance with the following rules:

Earthing conductors of class | tested SPDs shall have a minimum cross-section of 16 mm?2
copper or equivalent.

Earthing conductors for class | tested SPDs with short-circuit failure mode SCFM shall have a
minimum cross section equal to the cross-section of the corresponding live conductors, if
greater than 16 mm?2.

Earthing conductors of class Il tested SPDs shall have a minimum cross-section of 6 mm?2
copper or equivalent.

Earthing conductors for class Il tested SPDs with short-circuit failure mode SCFM shall have a
minimum cross-section equal to the cross section of the corresponding live conductors, if
greater than 6 mm2.

NOTE Cross-section requirements are different in some countries. The foreword in IEC 62305-3 explains these
deviations

The short circuit-current rating of the SPD (/gcpy) must be coordinated with the prospective
short circuit current of the PV system at the point of installation and the cross-sefdepcithaents
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connecting conductors shall be rated for that current, taking into account the maximum
disconnection time of the maximum backup overcurrent protection.

The cross-section of connecting conductors for short-circuit failure mode SCFM SPDs and for
open-circuit failure mode OCFM SPDs shall be in line with the characteristic of the SPD
disconnectors (if any), as tested for the SPDs failure mode behaviour in accordance with
IEC 61643-31.

Conductors connecting SPDs and overcurrent protective devices (if any) to live conductors
shall be rated to withstand the expected prospective short-circuit current and shall have a
cross-sectional area not less than:

— 2,5 mm2 copper or equivalent for class |l tested SPDs installed at the DC side
— 6 mmZ2 copper or equivalent for class | tested SPDs installed at the DC side

9.2.7 Internal connection schemes of multipole SPDs or combinations of SPDs with a
single mode of protection on the DC side

Examples for connecting SPDs to the PV installation are given in Figures 7 and 8.

Protection can be either a combination of SPDs with a single mode of protection (A,B,C...X,
Y, Z) in figures 7 and 8 or a multipole SPD. The protective components used in SPDs can be
voltage-limiting, voltage-switching or a combination of both. The SPD elements (A,B,C, X, Y
and Z) are also called a current branch of an SPD. Such a current branch may be different
from a single mode of protection of a multipole SPD (e.g. in Y-connection and A-connection).
Elements X, Y and Z may e.g. be three identical SPDs with a single mode of protection.

NOTE |If the voltage protection level for every mode of protection is not declared by the manufacturer, the voltage
protection levels of the individual single mode SPDs have to added to get the total voltage protection level.
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Y connection A connection U connection

Figure 7 — Example of SPD connections on the
DC side of an unearthed PV source
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NOTE Element B may not be needed if the distance between B and the reliable earthing is less than 1 m.

Figure 8 — Example of SPD connection on the
DC side of a reliable earthed PV source

9.2.8  Selection of Igcpy of SPDs on the DC side

If the SPD changes into a low impedance stage at its end of life, the fault current will depend
upon the number of PV strings, the SPD’s point of installation and the solar irradiance level.
Due to the non-linear characteristic of PV modules, the short circuit current of PV modules is
slightly higher than the current at the maximum power point (MPP). This makes short circuit
detection within a PV installation difficult because the resulting fault currents may not trip
overcurrent protective devices, such as fuses or circuit breakers. This is true, as well, for
external overcurrent protective devices or overcurrent protective devices which are integrated
into the SPD.

The short-circuit current rating Igcpy of the SPD shall be equal to or greater than the
maximum short-circuit current /s yax available from the PV array at the SPD’s point of
installation. Further information is given in Annex B.

SPDs in PV installations can be damaged for the following reasons:

— by thermal runaway due to a high number of lightning strikes not exceeding their ratings,
but leading to a slow degradation of their internal components;

— by sudden failure due to a stress going beyond their ratings, thus leading to a sudden
degradation of their impedance.

Therefore, the SPD shall be equipped with a dedicated protective device suited to operate
under all sun radiation conditions (high or low) at whatever the current level provided by the
PV array is. Devices that may ensure a safe disconnection or a safe short-circuit of the SPD
are:

— built-in disconnectors to reach open-circuit failure mode (OCFM) where the behaviour of
the SPD is to disconnect from the DC power.

— external disconnectors installed in series with the SPD and coordinated with the overload
behaviour of the SPD to reach open-circuit failure mode (OCFM) (for example: fuses or
similar other overcurrent protective components),

— a combination of the above mentioned.

— an internal means for short circuiting the SPD (SC-means) which is able to handle Igcpy
for an unlimited time to reach a safe short circuit failure mode (SCFM).
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NOTE 1 Not all PV systems and inverter technologies are able to tolerate a short circuit on the DC side. A
permanent short circuit to ground may cause a safety risk in some systems. External disconnectors may be
required by other installation standards. More information is given in IEC 60364-7-712.

NOTE 2 Additional requirements may apply when batteries are connected to the DC circuits, due to the fact that
short-circuit currents delivered by batteries may be much higher than the current the PV array can deliver.

The characteristics of the devices used for disconnection purposes or short circuiting
purposes shall be provided by the SPD manufacturer.

Failure modes of SPDs are:

— open-circuit failure mode (OCFM) or

— short-circuit failure mode (SCFM).

The influence of the protective components (e.g. disconnector, SC-means, etc.) on the DC
system should be taken into consideration based on information provided by the manufacturer
of the SPD.

Due to a possible hazard to people and property caused by DC arcing during the replacement
of plug-in SPDs with short circuit failure mode (SCFM) behaviour, the appropriate
disconnection means shall be declared by the manufacturer. The disconnection means are
required to have isolating capability and load switching capability up to Isc max-

9.2.9 Coordination of SPDs

Coordination of SPDs within an installation is essential. See IEC 61643-12 for further
information. The manufacturer’s instructions on how to achieve proper coordination between
SPDs shall be followed.

10 Maintenance

SPDs shall be installed in such a way that they can easily be inspected.
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