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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
LOW-VOLTAGE SURGE PROTECTIVE DEVICES – 

 
Part 31: Requirements and test methods 
for SPDs for photovoltaic installations 

 
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 61643-31 has been prepared by subcommittee 37A: Low-voltage 
surge protective devices, of IEC technical committee 37: Surge arresters. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

37A/306/FDIS 37A/310/RVD 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all parts of the IEC 61643 series can be found, under the general title Low-voltage 
surge protective devices, on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website 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. 

 

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 addresses safety and performance tests for surge protective devices 
(SPDs) to be installed on the DC side of photovoltaic installations to protect against induced 
and direct lightning effects. 

There are three classes of tests: 

1) The Class I test is intended to simulate partial conducted lightning current impulses. SPDs 
subjected to Class I test methods are generally recommended for locations at points of 
high exposure, e.g., line entrances to buildings protected by lightning protection systems. 

2) SPDs tested to Class II or Class III test methods are subjected to impulses of shorter 
duration. 

3) SPDs are tested on a “black box” basis as far as possible. 

Tests take into account that photovoltaic generators: 

• behave like current generators, 

• that their output current depends on the incident light intensity and temperature, 

• that their short-circuit current is slightly higher than the operating output current, 

• are connected in series and/or parallel combinations leading to a great variety of voltages, 
currents and powers from a few hundreds of W (in residential installations) to several MW 
(photovoltaic fields).  

The specific electrical parameters of PV installations on the DC side require specific test 
requirements for SPDs. 

IEC 61643-32 addresses the selection and application principles of SPDs in practical 
situations for PV application (work in progress). 
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LOW-VOLTAGE SURGE PROTECTIVE DEVICES –  
 

Part 31: Requirements and test methods 
for SPDs for photovoltaic installations 

 
 
 

1 Scope 

This part of IEC 61643 is applicable to Surge Protective Devices (SPDs), intended for surge 
protection against indirect and direct effects of lightning or other transient overvoltages. 
These devices are designed to be connected to the DC side of photovoltaic installations rated 
up to 1 500 V DC. 

These devices contain at least one non-linear component and are intended to limit surge 
voltages and divert surge currents. Performance characteristics, safety requirements, 
standard methods for testing and ratings are established.  

SPDs complying with this standard are exclusively dedicated to be installed on the DC side of 
photovoltaic generators and the DC side of inverters. 

SPDs for PV systems with energy storage (e.g. batteries, capacitor banks) are not covered. 

SPDs with separate input and output terminals that contain specific series impedance 
between these terminal(s) (so called two-port SPDs according to IEC 61643-11:2011) are not 
covered. 

SPDs compliant with this standard are designed to be permanently connected where 
connection and disconnection of fixed SPDs can only be done using a tool. This standard 
does not apply to portable SPDs 

NOTE 1 In general SPDs for PV applications do not contain a specific series impedance between the input/output 
terminals due to power efficiency considerations. 

NOTE 2 Wherever reference is made to the electric power system or the power system within this document, this 
refers to the DC side of the photovoltaic installation. 

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 60060-1:2010, High-voltage test techniques – Part 1: General definitions and test 
requirements 

IEC 60068-2-78:2012, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, 
steady state 

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

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems – Part 1: 
Principles, requirements and tests 
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IEC 61000-6-3, Electromagnetic compatibility (EMC) – Part 6-3: Generic standards – 
Emission standard for residential, commercial and light-industrial environments 

IEC 61180-1, High-voltage test techniques for low-voltage equipment – Part 1: Definitions, 
test and procedure requirements 

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 62475:2010, High-current test techniques – Definitions and requirements for test currents 
and measuring systems 

3 Terms, definitions, acronyms and symbols 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 Terms and definitions 

3.1.1  
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] 

3.1.2  
one-port SPD 
SPD having no intended series impedance 

Note 1 to entry: A one-port SPD may have separate input and output connections 

Note 2 to entry: Overcurrent protection devices e.g fuses or circuit breakers are not considered as specific 
intended series impedance. 

[SOURCE: IEC 61643-11:2011, 3.1.2, modified (Note 2 to entry added)] 

3.1.3  
voltage-switching 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 to entry: Common examples of components used in voltage-switching SPDs are spark gaps, gas tubes and 
thyristors. These are sometimes called "crowbar-type" components. 

[SOURCE: IEC 61643-11:2011, 3.1.4, modified (original term referred to "voltage switching 
type SPD")] 
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3.1.4  
voltage-limiting 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 to entry: Common examples of components used in voltage-limiting SPDs are varistors and avalanche 
breakdown diodes. These are sometimes called "clamping-type" components. 

[SOURCE: IEC 61643-11:2011, 3.1.5, modified (original term referred to "voltage limiting 
type SPD")] 

3.1.5  
combination SPD 
SPD that incorporates both voltage-switching components and voltage-limiting components. 
The SPD may exhibit voltage-switching, limiting or both 

[SOURCE: IEC 61643-11:2011, 3.1.6, modified (original term referred to "combination type 
SPD")] 

3.1.6  
mode of protection 
an intended current path between terminals, that contains one or more protective 
components, for which the manufacturer declares a protection level 

Note 1 to entry: Additional terminals may be included within this current path. 

[SOURCE: IEC 61643-11:2011, 3.1.8, modified (original term referred to "mode of protection 
of an SPD", Note 1 to entry added)] 

3.1.7  
nominal discharge current  
In 
crest value of the current through the SPD having a current waveshape of 8/20 

[SOURCE: IEC 61643-11:2011, 3.1.9, modified (original term referred to "nominal discharge 
current for class II test)] 

3.1.8  
impulse discharge current for class I test 
Iimp 
crest value of a discharge current through the SPD with specified charge transfer Q and 
specified energy W/R in the specified time 

[SOURCE: IEC 61643-11:2011, 3.1.10] 

3.1.9  
maximum discharge current 
Imax 
crest value of a current through the SPD having an 8/20 waveshape and magnitude according 
to the manufacturers specification 

Note 1 to entry: Imax is equal to or greater than In. 

[SOURCE: IEC 61643-11:2011, 3.1.48] 

3.1.10  
maximum continuous operating voltage for PV application 
UCPV 
maximum DC voltage which may be continuously applied to the SPD’s mode of protection 
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3.1.11  
continuous current for PV application  
ICPV 
current flowing through the plus and minus terminals of the SPD while energized at UCPV 

3.1.12  
residual current  
IPE 
current flowing through the PE-terminal of the SPD while energized at UCPV 

[SOURCE: IEC 61643-11:2011, 3.1.4,modified (different reference test voltage referred to)] 

3.1.13  
follow current 
If 
peak current supplied by the electrical power system and flowing through the SPD after a 
discharge current impulse 

Note 1 to entry: The follow current is significantly different from the continuous current ICPV. 

[SOURCE: IEC 61643-11:2011, 3.1.12, modified (Note 1 to entry added)] 

3.1.14  
rated load current 
IL 
maximum continuous rated DC current that can be supplied through the input/output terminals 
of an SPD 

[SOURCE: IEC 61643-11:2011, 3.1.13, modified (modified definition)] 

3.1.15  
voltage protection level 
Up 
maximum voltage to be expected at the SPD terminals due to an impulse stress with defined 
voltage steepness and an impulse stress with a discharge current with given amplitude and 
waveshape 

Note 1 to entry: The voltage protection level is given by the manufacturer and may not be exceeded by: 

–  the measured limiting voltage, determined for front-of-wave sparkover (if applicable) and the measured limiting 
voltage, determined from the residual voltage measurements at amplitudes up to In and / or Iimp respectively for 
test classes II and / or I; 

–  the measured limiting voltage determined for the combination wave measurements up to UOC for test class III. 

[SOURCE: IEC 61643-11:2011, 3.1.14, modified (modified Note 1 to entry)] 

3.1.16  
measured limiting voltage 
highest value of voltage that is measured across the terminals of the SPD during the 
application of impulses of specified waveshape and amplitude 

[SOURCE: IEC 61643-11:2011, 3.1.15] 

3.1.17  
residual voltage 
Ures 
crest value of voltage that appears between the terminals of an SPD due to the passage of 
discharge current 

[SOURCE: IEC 61643-11:2011, 3.1.16] 
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3.1.18  
1,2/50 voltage impulse 
voltage impulse with a nominal virtual front time of 1,2µs and a nominal time to half-value of 
50µs. 

Note 1 to entry: Clause 8 of IEC 60060-1: 2010 defines the voltage impulse definitions of front time, time to half 
value and waveshape. IEC 61643-1 defines specific tolerance values. 

[SOURCE: IEC 61643-11:2011, 3.1.20] 

3.1.19  
8/20 current impulse 
current impulse with a nominal virtual front time of 8µs and a nominal time to half-value of 
20µs 

Note 1 to entry: Clause 10 of IEC 62475: 2010 defines the current impulse definitions of front time, time to half 
value and waveshape. IEC 61643-11 defines specific tolerance values. 

[SOURCE: IEC 61643-11:2011, 3.1.21] 

3.1.20  
combination wave 
wave characterized by defined voltage amplitude (UOC) and waveshape under open-circuit 
conditions and a defined current amplitude (ICW) and waveshape under short-circuit 
conditions 

Note 1 to entry: The voltage amplitude, current amplitude and waveform that is delivered to the SPD are 
determined by the combination wave generator (CWG) impedance Zf and the impedance of the DUT. 

[SOURCE: IEC 61643-11:2011, 3.1.22] 

3.1.21  
open-circuit voltage 
UOC 
open-circuit voltage of the combination wave generator at the point of connection of the 
device under test 

[SOURCE: IEC 61643-11:2011, 3.1.23] 

3.1.22  
combination wave generator short-circuit current 
ICW 
prospective short-circuit current of the combination wave generator, at the point of connection 
of the device under test 

Note 1 to entry: When the SPD is connected to the combination wave generator, the current that flows through 
the device is generally less than ICW. 

[SOURCE: IEC 61643-11:2011, 3.1.24] 

3.1.23  
thermal stability 
state of an SPD if, after heating up during the operating duty test, its temperature decreases 
with time while energized at specified maximum continuous operating voltage and at specified 
ambient temperature conditions 

[SOURCE: IEC 61643-11:2011, 3.1.25] 
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3.1.24  
degradation (of performance) 
undesired permanent departure in the operational performance of equipment or a system from 
its intended performance 

[SOURCE: IEC 61643-11:2011, 3.1.26] 

3.1.25  
short-circuit current rating of the SPD 
ISCPV 
maximum prospective short-circuit current from the power system for which the SPD, in 
conjunction with the disconnector specified, is rated 

[SOURCE: IEC 61643-11:2011, 3.1.27, modified (term originally referred to as ISCCR)] 

3.1.26  
SPD disconnector (disconnector) 
device for disconnecting an SPD, or part of an SPD, from the power system in the event of 
SPD failure 

Note 1 to entry: This disconnecting device is not required to have isolating capability for safety purposes. It is to 
prevent a persistent fault on the system and is used to give an indication of an SPD’s failure. Disconnectors can be 
internal (built in) or external (required by the manufacturer). There may be more than one disconnector function, for 
example an over-current protection function and a thermal protection function. These functions may be in separate 
units. 

[SOURCE: IEC 61643-11:2011, 3.1.28] 

3.1.27  
degree of protection of enclosure  
IP 
classification preceded by the symbol IP indicating the extent of protection provided by an 
enclosure against access to hazardous parts, against ingress of solid foreign objects and 
possibly harmful ingress of water 

[SOURCE: IEC 61643-11:2011, 3.1.29] 

3.1.28  
type test 
conformity test made on one or more items representative of the production 

[SOURCE: IEC 60050-151:2001, 151-16-16] 

3.1.29  
routine test 
test made on each SPD or on parts and materials as required to ensure that the product 
meets the design specifications 

[SOURCE: IEC 60050-151:2001, 151-16-17] 

3.1.30  
acceptance tests 
contractual test to prove to the customer that the item meets certain conditions of its 
specification 

[SOURCE: IEC 60050-151:2001, 151-16-23] 
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3.1.31  
impulse test classification 
3.1.31.1  
class I tests 
tests carried out with the impulse discharge current Iimp, with an 8/20 current impulse having 
a crest value equal to the crest value of Iimp, and if relevant, with a 1,2/50 voltage impulse 

[SOURCE: IEC 61643-11:2011, 3.1.34.1, modified (addition of "if relevant)] 

3.1.31.2  
class II tests 
tests carried out with the 8/20 nominal discharge current In, and if relevant, with a 
1,2/50 voltage impulse 

[SOURCE: IEC 61643-11:2011, 3.1.34.2, modified (addition of "if relevant)] 

3.1.31.3  
class III tests 
tests carried out with the 1,2/50 voltage – 8/20 current combination wave generator 

[SOURCE: IEC 61643-11:2011, 3.1.34.3] 

3.1.32  
sparkover voltage or trigger voltage of a voltage-switching SPD 
maximum voltage value at which the sudden change from high to low impedance starts for a 
voltage-switching SPD 

[SOURCE: IEC 61643-11:2011, 3.1.36] 

3.1.33  
specific energy for class I test 
W/R 
energy dissipated by a unit resistance of 1 Ώ with the impulse discharge current I imp 

Note 1 to entry: This is equal to the time integral of the square of the current (W/R = ∫ i 2d t ) .  

[SOURCE: IEC 61643-11:2011, 3.1.37] 

3.1.34  
prospective short-circuit current  
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 

[SOURCE: IEC 61643-11:2011, 3.1.38, modified (removal of "of a power supply" from 
original term and removal of Note to entry)] 

3.1.35  
status indicator 
device that indicates the operational status of an SPD, or a part of an SPD 

Note 1 to entry: Such indicators may be local with visual and/or audible alarms and/or may have remote signalling 
and/or output contact capability. 

[SOURCE: IEC 61643-11:2011, 3.1.41] 
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3.1.36  
output contact 
contact included in a circuit separate from the main circuit of an SPD, and linked to a 
disconnector or status indicator. 

[SOURCE: IEC 61643-11:2011, 3.1.42] 

3.1.37  
multipole SPD 
type of SPD with more than one mode of protection, or a combination of electrically 
interconnected SPDs offered as a unit 

[SOURCE: IEC 61643-11:2011, 3.1.43] 

3.1.38  
total discharge current 
ITotal 
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: ITotal is particularly relevant for SPDs tested according to test class I, 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")] 

3.1.39  
voltage for clearance determination 
Umax 
highest measured voltage during surge applications according to 8.3.3.1 of 
IEC 61643-11:2011 

[SOURCE: IEC 61643-11:2011, 3.1.47] 

3.1.40  
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. 

3.1.41  
Short-Circuit Failure Mode 
SCFM 
failure behaviour whereby an SPD changes to a permanent low impedance or short-circuit 
state under certain conditions 

3.1.42  
testing voltage  
Utest 
test voltage derived from the PV system voltage 

Note 1 to entry: The value of Utest may vary depending on testing procedures. 
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3.1.43  
testing current 
Itest 
test current derived from the PV system 

Note 1 to entry: The value of Itest may vary depending on testing procedures. 

3.1.44  
means for Short-Circuiting the SPD (SC-means) 
internal means for short-circuiting an SPD declared as SCFM under specified conditions, with 
a current carrying capacity equal to the short-circuit current rating ISCPV of the SPD 

3.1.45  
nominal varistor voltage  
U1mA 
voltage across the MOV measured at 1 mA DC 

3.2 Acronyms / Symbols  

Table 1 provides the list of acronyms and symbols used in this standard.  
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Table 1 – List of acronyms and symbols 

Acronyms and symbols Description Definition/clause 

General 

DUT Device Under Test General 

IP degree of protection of enclosure 3.1.27 

SPD Surge Protective Device 3.1.1 

W/R specific energy for class I test  3.1.33 

T1, T2 and/or 

T3 
product marking for test classes I, II and/or III  6.1.1.2 3) 

OCFM Open Circuit Failure Mode 3.1.40 

SCFM Short Circuit Failure Mode 3.1.41 

Voltage 

UCPV maximum continuous operating voltage 3.1.10 

Up voltage protection level 3.1.15 

Ures residual voltage 3.1.17 

Umax voltage for clearance determination 3.1.39 

UOC open circuit voltage of the combination wave generator 3.1.20/3.1.21 

UTest Testing voltage 3.1.42 

U1mA nominal varistor voltage 3.1.45 

current 

Iimp impulse discharge current for class I test 3.1.8 

Imax maximum discharge current 3.1.9 

In nominal discharge current for class II test 3.1.7 

If follow current 3.1.13 

IL rated load current 3.1.14 

ICW Combination Wave generator short short circuit current 3.1.22/3.1.20 

ISCPV Short-Circuit Current Rating  3.1.25 

IP prospective short-circuit current  3.1.34 

IPE residual current at UCPV 3.1.12 

ITotal total discharge current for multipole SPD 3.1.38 

ICPV continuous Current for PV application 3.1.11 

Itest testing current 3.1.43 

 

4 Service conditions 

4.1 Voltage 

The voltage applied continuously between the terminals of the SPD shall not exceed its 
maximum continuous operating voltage UCPV. 

4.2 Air pressure and altitude 

Air pressure is 80 kPa to 106 kPa. These values represent an altitude of +2 000 m to -500 m 
respectively. 

4.3 Temperatures 
• normal range: –5 °C to +40 °C 

• extended range: –40 °C to +70 °C 
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4.4 Humidity 
• normal range: 5 % to 95 % 

• extended range: 5 % to 100 % 

5 Classification 

5.1 General 

The manufacturer shall classify the SPDs in accordance with the following parameters. 

5.2 SPD design 
• Voltage-switching 

• Voltage-limiting 

• Combination 

5.3 Class I, II and III tests 

Information required for class I, class II and class III tests is given in Table 2 of  
IEC 61643-11:2011. 

5.4 Location 

5.4.1 Indoor 

SPDs intended for use in enclosures and/or inside buildings or shelters. 

SPDs installed in outdoor enclosures or shelters are considered for indoor use. 

NOTE This classification addresses SPDs for use in weather protected locations having neither temperature nor 
humidity control, and corresponds to the characteristics of external influences code AB4 in IEC 60364-5-51. 

5.4.2 Outdoor 

SPDs intended for use without enclosures and outside of buildings or shelters. 

NOTE This classification addresses SPDs for use in non-weather protected locations. 

5.5 Accessibility 

5.5.1 Accessible 

An SPD which can be fully or partly touched by an unskilled person, without the use of a tool 
to open any covers or enclosures, once installed.  

5.5.2 Inaccessible 

An SPD which cannot be touched by an unskilled person either due to being mounted out of 
reach or due to being located within enclosures which can only be opened by using a tool, 
once installed. 

5.6 Disconnectors (including overcurrent protection) 
– Location  

• Internal 

• External 

• Both (internal and external) 
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– Protection functions 

• Thermal  

• Leakage current  

• Overcurrent 

5.7 Degree of protection provided by enclosures according to IP-code of IEC 60529 

5.8 Temperature and humidity range 
– Normal 
– Extended 

5.9 Multipole SPD 
– Yes 
– No 

5.10 SPD failure mode 
– Open-Circuit Failure Mode (OCFM) 
– Short-Circuit Faillure Mode (SCFM) 

5.11 PV earthing system 
– Earthed 
– Unearthed 
– Earthed and Unearthed (both) 

6 Requirements 

6.1 General requirements 

6.1.1 Identification 

6.1.1.1 General 

The following information shall be provided by the manufacturer. 

6.1.1.2 Markings which are mandatory on the body, or permanently attached to the 
body, of the SPD 

1) Manufacturer's name or trade mark and model number 
2) Maximum continuous operating voltage for PV application UCPV +/PE, -/PE and +/- if 

applicable (one value for each mode of protection except if all the values are equal) 
3) The letters “PV” combined with the SPD test class and discharge parameters for each 

mode of protection declared by the manufacturer and printed next to each other:  
• for test class I:  

“test class I” and “IImp“ and the value in kA, and/or   
“T1“ (T1 in a square) and “IImp“ and the value in kA (e.g. PV T1 IImp: 10kA); 

• for test class II:  
“test class II” and “In“ and the value in kA, and/or   
“T2“ (T2 in a square) and “In“ and the value in kA (e.g. PV T2 In: 10kA); 

• for test class III:  
“test class III” and “UOC“ and the value in kV, and/or   
“T3“(T3 in a square) and “UOC“ and the value in kV (e.g. PV T3 UOC: 6kV); 

4) Voltage protection level UP +/PE, -/PE and +/- if applicable (one value for each mode of 
protection except if all the values are equal); 
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5) Degree of protection provided by the enclosure (IP-code) if > IP20; 
6) Identification of terminals or leads (if not otherwise identified on the devices); 
7) Rated load current IL for one-port SPDs with separate input and output terminals. 

Where space does not allow all the above markings to be placed, at least 1) and 6) (if 
terminals are not interchangeable) is sufficient on the SPD; other remaining required markings 
shall appear on the installation instruction. 

An SPD may be classified according to more than one test class (e.g. Class I test T1 and 
Class II test T2). In this case, the tests required for all declared test classes shall be 
performed. If in such case the manufacturer declares only one protection level, only the 
highest protection level shall appear in the marking. 

6.1.1.3 Information which shall be provided with the products to be delivered 
1) Location (See 5.4) 
2) Method of mounting 
3) Short-circuit current rating ISCPV  
4) Ratings and characteristics for external SPD disconnector(s), if required. 
5) Indication of disconnector operation (if any) or SC-means (if any). 
6) Orientation for normal installation, if significant 
7) Installation instructions: 
8) type of PV systems (earthed, not earthed) 
9) intended connection (+/-  to ground, + to -) 
10) mechanical dimensions, lead lengths, etc. 
11) Temperature and humidity range (See 4.3 and 4.4) 
12) Residual currents IPE AC and DC 
13) SPD failure mode, e.g. OCFM or SCFM 
14) If the SPD is declared SCFM, clear indication shall be provided that it cannot be installed 

on non-electrically separated PCE (power conversion equipment) 
15) Imax, (if declared by the manufacturer) 
16) Continuous current ICPV 
17) SPDs for which the manufacturer declares a short-circuit failure mode, shall require 

specific measures to ensure that such devices will not endanger the operator during 
maintenance and replacement due to possible DC arcing 

6.1.1.4 Information which shall be available in a product datasheet 
1) Total discharge current ITotal for multipole SPDs and the corresponding test class 
2) Information about replaceable parts (indicators, fuses, etc. if applicable) 
3) Modes of protection (for SPDs with more than one mode of protection) 

6.1.1.5 Information which shall be provided by the manufacturer for type testing 
1) Presence of switching component(s) (see Annex A) 
2) Follow current to be expected (≤ 5 A or > 5 A: see Annex A) 
3) If the status indication circuitry does not use certified components operated within their 

ratings, the manufacturer shall provide the appropriate testing standards for the specific 
component to allow it to be tested 

4) Isolation and dielectric withstand of separate isolated circuits 

Compliance is checked by visual inspection. 
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6.1.2 Marking 

Markings on the device shall be indelible and legible and shall not be placed on screws or 
removable parts.  

NOTE A plug-in SPD module is not considered a removable part for marking purposes.  

Compliance is checked by the test in accordance with 7.3. 

6.2 Electrical requirements 

6.2.1 Protection against direct contact 

For protection against direct contact (inaccessibility of live parts), SPDs shall be designed in 
such a way that live parts cannot be touched when the SPD is installed for the intended use.  

SPDs, except SPDs classified for mounting inaccessible, shall be so designed that, when they 
are wired and mounted as for normal use, live parts are not accessible, even after removal of 
parts which can be removed without the use of a tool. 

After installation according to the manufacturers installation instructions the protection against 
touching of live parts for SPDs, which may be accessible for uninstructed persons, shall at 
least comply with the requirements for IP2XC according IEC 60529. 

The connection between the earthing terminals and all accessible conductive parts shall be of 
low resistance.  

Compliance is checked by the tests in accordance with IEC 60529 and in accordance with 
Subclause 8.3.1 of IEC 61643-11:2011. 

6.2.2 Residual current IPE 

For SPDs with a terminal for the protective conductor, the residual current IPE shall be 
measured when SPD terminals are connected to a power supply at the maximum continuous 
operating voltage (UCPV). 

Compliance is checked by the test according to 7.4.1. 

6.2.3 Voltage protection level Up 

The measured limiting voltage(s) of the SPD shall not exceed the voltage protection level that 
is specified by the manufacturer. 

Compliance is checked by the test in accordance with Subclause 8.3.3 of IEC 61643-11:2011. 

6.2.4 Operating duty 

The SPD shall be capable of withstanding specified discharge currents during application of 
the maximum continuous operating voltage UCPV, without unacceptable changes in its 
characteristics. 

In addition voltage-switching SPDs or combination SPDs shall be able to interrupt any follow 
current up to the short-circuit current rating (ISCPV). 

Compliance is checked by the test in accordance with 7.4.2. 
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6.2.5 Disconnectors and status indicators 

6.2.5.1 Disconnectors 

SPDs with OCFM failure mode shall have disconnectors (which can be either internal, 
external or both). Their operation shall be indicated by a corresponding status indicator. 

Table 4 provides information on the inclusion of disconnectors during the various type tests. 
The required behaviour of disconnectors during and after various type tests is given by items 
F, G, H and J of Table 5, and is checked by the tests in accordance with 7.4.3. 

6.2.5.2 SC-means 

SPD with SCFM failure mode shall have a SC-means. Its operation shall be indicated by a 
corresponding status indicator. 

6.2.5.3 Thermal protection 

SPDs shall be protected against overheating due to degradation or overstress. 

This test is not performed on PV SPDs containing only voltage-switching components and/or 
ABD devices. 

Compliance is checked by the test in accordance with 7.4.3.2. 

6.2.5.4 SPD failure mode 

An SPD shall fail without causing a hazardous condition or withstand the declared ISCPV 
which may occur during an SPD failure. 

Compliance is checked by the test in accordance with 7.4.4. 

This test is not applied to SPD mode(s) of protection that contains voltage-switching 
components only. 

Due to possible hazard to people and property resulting from the DC arcing during 
replacement, plug-in Short-Circuit Mode (SCFM) SPDs (which can be replaced without a tool) 
require appropriate means for disconnection which shall be declared by the manufacturer. 
Compliance is checked by inspection of the installation instructions with regard to the 
requirement in 6.1.1.3 17). 

6.2.5.5 Status indicators 

The manufacturer shall provide information about the function of the indicator and the actions 
to be taken after change of status indication. 

A status indicator may be composed of two parts (one of which is not replaced when e.g. a 
plug module is changed), linked by a coupling mechanism which can be mechanical, optical, 
audio, electromagnetic, etc. The part of the status indicator which is not replaced (e.g. base 
part of socket) shall be capable of operating at least 50 times. 

The action of the coupling mechanism which operates the non-replaced part of the status 
indicator may be simulated by means other than operation of the section within the replaced 
part of the SPD, e.g. a separate electromagnet or a spring. 

Where there is an appropriate standard for the type of indication used, this shall be met by 
the non-replaced part of the status indicator, with the exception that the indicator need only 
be tested for 50 operations. 
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6.2.6 Insulation resistance 

The insulation resistance of the SPD shall be sufficient with respect to leakage current and 
protection against direct contact. 

Compliance is checked by the test given in Subclause 8.3.6 of IEC 61643-11:2011. 

6.2.7 Dielectric withstand 

The dielectric withstand of the housing of the SPD shall be sufficient with respect to insulation 
breakdown and protection against direct contact. 

Compliance is checked by the test in accordance with 7.4.5. 

6.2.8 Continuous current ICPV 

The current flowing through the plus and minus terminals of the SPD shall be measured when 
energized at the maximum continuous operating voltage UCPV, and connected according to 
the manufacturer’s instructions. 

Compliance is checked by the test in accordance with 7.4.6. 

6.2.9 Total discharge current ITotal (for multipole SPDs) 

Compliance is checked by the test given in Subclause 8.7.1 of IEC 61643-11:2011. 

6.3 Mechanical requirements 

6.3.1 Mounting 

SPDs shall be provided with appropriate means for mounting that will ensure mechanical 
stability.  

Mechanical coding/interlock shall be provided to prevent incorrect combinations of plug-in 
SPD modules and sockets.  

Compliance is checked by visual inspection. 

6.3.2 Screws, current carrying parts and connections 

Compliance is checked according to Subclause 8.4.1 of IEC 61643-11:2011 by inspection and 
trial mounting. 

6.3.3 External connections 

The terminations and connection methods listed in Table 2 meet the requirements of this 
standard. 

Other terminations and connection methods shall be tested in accordance with the relevant 
standards to ensure adequate performances. 
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Table 2 – Compliant termination and connection methods 

Termination and connection method Reference standard(s) 

Screw-type clamping units for e.g.:screw-, pillar- and stud 
terminals 

IEC 61643-11:2011, 7.3.3.1 and 8.4.2.1  

Screwless-type clamping units IEC 61643-11:2011, 7.3.3.2 and 8.4.2.2 

Flat, quick-connect termination IEC 61643-11:2011, 7.3.3.4 and 8.4.2.4 

Pigtail connection (Flying leads)  IEC 61643-11:2011, 7.3.3.5 and 8.4.2.5 

Connectors for photovoltaic systems IEC 62852 

 

6.3.4 Air clearances and creepage distances 

The SPD shall have sufficient air clearances and creepage distances.  

Compliance is checked by the test in accordance with 7.5.1. 

6.3.5 Mechanical strength 

All parts of the SPD relating to the protection against direct contact shall have sufficient 
mechanical strength. 

Compliance is checked by the test in accordance with Subclause 8.4.4 of IEC 61643-11:2011. 

6.4 Environmental and material requirements 

6.4.1 General 

SPDs shall operate satisfactorily under the service conditions specified in accordance with 4 
and the requirements and tests listed in Table 3.  

Table 3 – Environmental and material requirements 

 Reference standard(s) 

Protection provided by enclosure (IP-code) IEC 61643-11:2011, 7.4.1 and 8.5.1  

Heat resistance IEC 61643-11:2011, 7.4.2 and 8.5.2 

Ball pressure test IEC 61643-11:2011, 7.4.2 and 8.5.3 

Fire resistance IEC 61643-11:2011, 7.4.3 and 8.5.4 

Tracking resistance IEC 61643-11:2011, 7.4.4 and 8.5.5 

 

6.4.2 Life test under damp heat 

Compliance is tested in accordance with 7.6.1.  

6.4.3 Electromagnetic compatibility 

6.4.3.1 Electromagnetic immunity 

SPDs either incorporating no electronic circuits or incorporating electronic circuits in which all 
components are passive (for example diodes, resistors, capacitors, inductors, varistors and 
other surge protective components) are generally not sensitive to electromagnetic 
disturbances expected under normal service conditions and therefore no immunity tests are 
required. For SPDs containing sensitive electronic circuits, refer to IEC 61000-6-1. 
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6.4.3.2 Electromagnetic emission 

For SPDs not incorporating electronic circuits, or incorporating electronic circuits that do not 
generate fundamental frequencies greater than 9 kHz in normal operation, electromagnetic 
disturbances can only be generated during protective operations. The duration of these 
disturbances is in the order of microseconds to milliseconds. 

The frequency, level and the consequences of these emissions are considered as part of the 
normal electromagnetic environment of low-voltage installations. Therefore, the requirements 
for electromagnetic emissions are deemed to be satisfied and no verification is necessary. 

For SPDs containing electronic circuits that perform a switching function operating at a 
frequency of 9 kHz or greater, refer to IEC 61000-6-3.  

6.5 Additional requirements for specific SPD designs 

6.5.1 One-port SPDs with separate input/output terminals – Rated load current IL 

The manufacturer shall declare the rated load current. 

Compliance is checked by the test in accordance with 7.7.1.1. 

6.5.2 Environmental tests for outdoor SPDs 

Outdoor SPDs shall be sufficiently resistant to UV radiation and corrosion.  

This shall be tested in accordance with to 7.7.2 and Annex F of IEC 61643-11:2011. 

6.5.3 SPDs with separate isolated circuits 

If an SPD includes a circuit that is electrically isolated from the main circuit, the manufacturer 
shall provide information about the isolation and dielectric withstand voltages between the 
circuits as well as the relevant standards that the manufacturer is claiming conformity with. 

If there are more than two circuits, declarations shall be made with regard to each 
combination of circuits. 

The insulation resistance between the main circuits and separate isolated circuits shall be 
tested in accordance with Subclause 8.3.6 of IEC 61643-11:2011. 

The dielectric withstand between the main circuits and separate isolated circuits shall be 
tested in accordance with 7.4.5. 

6.6 Additional parameter if declared by the manufacturer – Maximum discharge 
current Imax 

If the manufacturer declares Imax, this value shall be tested in accordance with Subclause 
8.3.3.1 of IEC 61643-11:2011 using only one impulse of Imax which is applied at the polarity 
which resulted in the higher residual voltage value during the previous test. 

7 Type tests 

7.1 General 

Type tests are carried out as indicated in Table 4 on three samples per test sequence. Within 
any test sequence, the tests shall be carried out in the order given in Table 4. The order in 
which test sequences are carried out may be varied. Tests on terminals shall be performed on 
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three terminal samples for each construction/terminal type (an SPD with at least three 
identical terminals fulfils this sample requirement). 

See Table 5 for the common pass criteria for the type tests. 

A sample has passed a test sequence of Table 4 if all the requirements of the relevant test 
clauses and the relevant pass criteria are fulfilled. 

If all required samples pass a test sequence, the design of the SPD is acceptable for that test 
sequence. If two or more test samples fail a test sequence, the SPD does not comply with this 
standard. 

In the event that a single sample does not pass a test, this test, and those preceding in the 
same test sequence that may have influenced the result of this test, shall be repeated with 
three new samples, but this time no failure of any sample is allowed. 

A set of three samples may be used for more than one test sequence, if agreed by the 
manufacturer. 

If the SPD is an integral part of a product covered by another standard, the requirements of 
the other standard shall apply to those parts of the product, which do not belong to the SPD 
section of the product. The SPD section shall comply with the general (6.1), the electrical 
(6.2), the environmental and material (6.4) requirements of this document. The mechanical 
requirements of other standards shall also be applied to the SPD.  

7.2 Testing procedures 

7.2.1 General 

If not otherwise specified, the reference standard for high-voltage test procedures is 
IEC 61180-1. 

The SPD shall be mounted and electrically connected in accordance with the manufacturer’s 
installation procedures. This setup shall then be kept throughout the entire type testing 
procedure except if otherwise specified. Neither external cooling nor heating shall be 
employed. 

When not otherwise specified, the test shall be performed in free air and the ambient 
temperature shall be (20 ± 15) °C. 

For all static DC current measurement such as ICPV and, IPE, the initial decrease after the 
application of voltage shall be disregarded and readings shall not be taken earlier than 30 sec 
after the application of voltage. 

Unless otherwise specified, where a power source is required for testing, all instantaneous 
values of the test voltage shall remain between Utest and Utest -5 % when a load current equal 
of 1 A is flowing. 

To ensure comparable test results, at least a 6-pulse rectifier bridge shall be used to limit the 
maximum ripple under full-load conditions. 

NOTE 1 This means that using a 6 pulse rectifier requires an additional smoothing capacitor to fulfil this 5 % 
requirement. 

When testing SPDs for which the manufacturer supplies integral cables, the full length of 
those cables shall form part of the SPD under test. 
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Unless otherwise specified, during the test, no maintenance or dismantling of the SPD is 
allowed. External disconnectors shall be selected according to the manufacturer’s instructions 
and connected for testing if required according to Table 4. 

All tests shall be performed on each mode of protection declared by the manufacturer, 
however, if some modes of protection have identical circuitry, one single test can be 
performed on the mode of protection which presents the most vulnerable configuration, using 
new samples each time. 

If the manufacturer provides information on the external SPD disconnector necessary to 
achieve correct coordination with prospective short-circuit currents higher than the ISCPV (of 
the SPD alone); these tests shall be repeated (for each sequence and combination) on the 
combination including this additional external disconnector. 

If the use of tissue paper is required according to Table 4, it shall be fixed at a distance of 
100 mm ± 20 mm in all directions of the sample, except the mounting surface. 

NOTE 2 Tissue paper: thin, soft and rather strong paper, generally used to wrap breakable objects and whose 
weight stands between 12 g/m2 and 25 g/m2. 

Throughout the entire type testing procedure, the status shown by the indicator(s) shall give a 
clear sign of the status of the part to which it is linked. Where there is more than one method 
of status indication, for example local and additional features for remote indication, each type 
of indication shall be checked and comply with the manufacturer’s specification. 

It should be noted that good testing techniques are required for impulse testing and 
measurements. This is needed to ensure that correct test values are measured and recorded. 

SPDs shall not create any hazard when operated under the test conditions in accordance with 
this standard.  
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Table 4 – Type test requirements for SPDs 

Test 
sequence Test description 

Subclause 
requirement/ 

test 

External 
disconnectors 

connected a 

Tissue 
paper 
used 

Test 
class I 

Test 
class II 

Test 
class III 

1 Identification and 
marking 

6.1.1 / 6.1.2 / 
7.3 - - A A A 

Mounting 6.3.1 - - A A A 

Terminals and 
connections 6.3.2 / 6.3.3  - - A A A 

Testing for protection 
against direct contact 6.2.1 - - A A A 

Environment IP-code 6.4 - - A A A 

Residual current 6.2.2 / 7.4.1 / 
7.4.1.2 - - A A A 

Operating duty test d 6.2.4 / 7.4.2 b  

Operating duty test for 
test 

classes I, II or III 

7.2.3.2 / 
7.4.2.3 / 
7.4.2.6 

A - A A A 

Additional duty test for 
test class I 7.4.2.5 A - A – – 

Thermal stability c 6.2.5.3/ 
7.4.3.2 A - A A A 

Air clearances and 
creepage distances 7.5.1 - - A A A 

Ball pressure test 6.4 - - A A A 

Resistance to abnormal 
heat and fire 6.4 - - A A A 

Tracking resistance 6.4 - - A A A 

2 Voltage protection level 
e 6.2.3  

3 Insulation resistance 6.2.6 - - A A A 

Dielectric withstand 6.2.7 / 7.4.5 - - A A A 

3a See below – only if 
applicable       

 Mechanical strength 6.3.5  - - A A A 

Temperature withstand 6.2.5 / 7.4.3.1 
b - - A A A 

3b c See below – only if 
applicable       

4 c Heat resistance 6.4  - - A A A 

5 c SPD failure mode test 6.2.5.4 / 7.4.4 A A A A A 

6 Live test under damp 
heat 7.6.1 b - - A A A 

7 Total discharge current 
test for multipole SPDs 6.2.9 b  - A A A 

Additional tests for one-port-SPDs with separate input / output terminals 

3b c Rated load current 6.5.1/ 7.7.1.1 A - A A A 

Additional tests for Outdoor use SPDs 

8 Environmental tests for 
outdoor SPDs  6.5.2 / 7.7.2 - -  A A A 

Additional tests for SPDs with separate isolated circuits 

3a Isolation between 
separate circuits 6.5.3 / 7.4.5 - - A A A 
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Test 
sequence Test description 

Subclause 
requirement/ 

test 

External 
disconnectors 

connected a 

Tissue 
paper 
used 

Test 
class I 

Test 
class II 

Test 
class III 

A  applicable if declared; 

-  not applicable 

a external disconnectors connected means that all disconnectors as specified by the manufacturer shall be 
tested with the SPD during the type tests. 

b  For these tests, initial measurements of continuous current and residual current according to Table 6, pass 
criterion E may be necessary. 

c  For this test sequence more than one set of samples may be needed. 
d  For the whole operating duty test (including the additional duty test, if applicable) one separate set of samples 

may be used. 
e  See relevant clause and Table 3 of IEC 61643-11:2011. 

 

Table 5 – Common pass criteria for type tests 

A 

Thermal stability shall be achieved. The SPD is considered to be thermally stable if the current flowing into 
the SPD or the power dissipation shows either a decreasing tendency or does not increase during 15 min of 
UCPV voltage application immediately after the application of UCPV. If the test itself is performed with the SPD 
energized at UCPV, then UCPV either remains applied for these 15 min without interruption or is reapplied 
within less than 30 s. 

B Voltage and current records and visual inspection shall show no indication of puncture or flashover. 

C 
No visible damage shall occur during the test. After the test, small indents and cracks not impairing the 
protection against direct contact are disregarded during this check, unless the degree of protection (IP-code) 
given for the SPD is no longer provided. There shall be no visual evidence of burning of the sample after the 
test. 

D 

Values for measured limiting voltage after the test shall be below or equal to UP. The measured limiting 
voltage shall be determined, using the tests in Subclause 8.3.3 of IEC 61643-11:2011, but the test in 
Subclause 8.3.3.1 of IEC 61643-11:2011 is performed only with a 8/20 surge current with a crest value of Iimp 
for test class I or with In for test class II or with the test in Subclause 8.3.3.3 of IEC 61643-11:2011, but only 
at UOC for test class III. 

E 

No excessive continuous current and residual current shall occur after the test. 

The SPD shall be connected as for normal use according to the manufacturer’s instructions to a power supply 
at the maximum continuous operating voltage (UCPV). The current that flows through each terminal is 
measured and shall not exceed a value of 1 mA, or the current shall not have changed by more than 20 % 
compared to the initial value determined at the beginning of the relevant test sequence. 

Any resettable or re-armable disconnector shall be switched off manually, if applicable, and the dielectric 
withstand shall be checked by application of two times UCPV or 1500 V DC, whichever is greater. During the 
test, no flashover, breakdown of insulation either internally (puncture) or externally (tracking) or any other 
manifestation of disruptive discharge shall occur. 

If there is more than one possible connection arrangement for normal use, this check shall be performed for 
all arrangements. 

F 

External disconnectors, as specified by the manufacturer. shall not operate during the test and shall be in 
working order after the test. 

For the purpose of this clause, working order means that there is no damage to the disconnector and that it is 
still operational. Operation can be checked either manually (where possible) or by a simple electrical test 
agreed between the manufacturer and the test laboratory. 

G 

Internal disconnectors, or SC-means, as specified by the manufacturer, shall not operate during the test and 
shall be in working order after the test. 

For the purpose of this clause, working order means that there is no damage of the disconnector, or SC-
means, and that it is still operational. Operation can be checked either manually (where possible) or by a 
simple electrical test agreed between the manufacturer and the test laboratory. 

H Disconnection shall be provided by one or more internal and/or external disconnector(s). Their correct 
indication shall be checked. 
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I 
SPDs with an IP degree equal to, or greater than, IP20 shall not have live parts accessible with the 
standardized test finger applied with a force of 5 N (see IEC 60529), except the live parts which were already 
accessible before the test when the SPD is fitted as in normal use. 

J 

If disconnection (internal or external) occurs during the test, there shall be clear evidence of effective 
disconnection of the corresponding protective component(s). 

If internal disconnection occurs, the test sample is connected as for normal use at the maximum continuous 
operating voltage UCPV for 1 min. The test source shall have a short-circuit current capability equal or greater 
than 200 mA. The current that flows through the relevant protective components shall not exceed a value of 
1 mA. 

Currents through components connected in parallel to the relevant protective component(s), or otherwise 
connected (e.g. indicator circuits), are disregarded for this measurement, as long as they cannot cause a 
current through the relevant protective component(s). 

In addition the current through the PE-terminal, including parallel circuits and other circuits (e.g. indicator 
circuits), if any, shall not exceed 1 mA. 

If there is more than one possible connection arrangement for normal use, this check shall be performed for 
all arrangements. 

K Void 

L The tissue paper shall not catch fire. 

M There shall be no explosion or other hazard to either personnel or the facility. 

N Void 

O Void 

P Short-circuit mode shall be provided by the SC-means. Its correct indication shall be checked. 

Q 

If the short-circuit mode occurs during the test, the SPD shall be capable of conducting its short-circuit 
current rating ISCPV. To verify this, within 10 s of the SPD reaching its short-circuit state, it shall be connected 
to a power source capable of delivering ISCPV.  

ISCPV shall be maintained for 2 h or until thermal equilibrium (≤ 2 K / 10 min) has been reached. During this 
period the surface temperature rise at the hottest point of the housing shall not exceed 120 K. The surface 
temperature rise at the hottest point shall not exceed 80 K five minutes after the application of ISCPV. 

 

7.2.2 Test impulses 

For test impulse specifications refer to 8.1.1, 8.1.2, 8.1.3 and 8.1.4 of IEC 61643-11:2011. 

NOTE 1 Subclause 8.1.4.1 of IEC 61643-11:2011 does not apply since two-port SPDs are not covered in this 
standard. 

NOTE 2 For the purpose of this document, the use of an AC power source required in Subclause 8.1.4 of 
IEC 61643-11:2011 is replaced by a DC power source. 

NOTE 3 For the purpose of this document, the reference to ISC in Subclause 8.1.4 of IEC 61643-11:2011 is 
replaced by ICW. 

7.2.3 Characteristics of power sources for testing 

7.2.3.1 General source characteristics 

The test circuit shall have an inductance equal to or greater than 100 µH. 

Two different types of power sources can be used for the operating duty and failure mode 
tests, as shown in Figure 1. 
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a) For the simulated PV-source b) For the linear DC source 

Figure 1 – I/U characteristics 

The tolerance of the simulated PV-source is defined by the shaded area between the points 
P1 and P2: 

• P1: [UTest, 1,05 × ITest] 

• P2: [0,7 × UTest, 0,7 × ITest] 

• P3: [0,95 × UTest] 

• P4: [0, 1,05 × ITest] 

This area may be exceeded towards higher voltage and current values depending on the 
agreement between the test laboratory and the SPD manufacturer. 

These shall be checked under static and transient conditions within 100 µs. Annex B provides 
appropriate test procedures to confirm compliance with this requirement. 

7.2.3.2 Specific source characteristics for operating duty tests 

Depending on the SPDs follow current, the following power sources at UCPV shall be used for 
testing: 

Table 6 – Specific power source characteristics for operating duty tests 

Follow current according to Annex A <= 5 A > 5 A 

Operating duty test according to 7.4.2.3 or 7.4.2.6 DC1 or PV1 PV2 

Additional duty test for test class I according to 7.4.2.5 DC2 or PV3 DC2 or PV3 

 

DC1: Linear DC source with an impedance such that during the flow of follow current the 
voltage, measured at the SPD terminals, does not fall below UCPV by more than 5 %. 

DC2: Linear DC source with a prospective short-circuit current of 5 A (0 / +10 %), 
corresponding to ITest in Figure 1b). 

PV1: Simulated PV-source with a prospective short-circuit current of at least 20 A (0 / +10 %), 
corresponding to ITest in Figure 1a). 

PV2: Simulated PV-source with a prospective short-circuit current equal to ISCPV (0 / +5 %), 
corresponding to ITest in Figure 1a). 

Simulated PV-source  

ITest 

P1 

P2 

P4 

P3 

A 

V 

UTest 
IEC 

ITest 

UTest 

Linear DC source 

A 

V 

IEC 
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PV3: Simulated PV-source with a prospective short-circuit current of 5 A (0 / +10 %), 
corresponding to ITest in Figure 1a). 

7.2.3.3 Specific source characteristics for failure mode tests 

Depending on the SPD’s failure mode, the following power sources at UCPV / 1,2 shall be 
used for testing: 

NOTE The value for the test voltage is derived from the standard operating condition and is de-rated by a factor 
of 1,2 to the maximum open-circuit voltage, to represent the normal operating conditions of the PV system. 

Table 7 – Specific power source characteristics for failure mode tests 

Expected failure mode according to 6.1.1 13) OCFM SCFM 

SPD failure mode test according to 7.4.4 DC3
a or PV4 PV4 

a only upon agreement with the manufacturer. 

 

DC3: Linear DC source with a prospective short-circuit current according to 7.4.4, 
corresponding to ITest in Figure 1b). 

PV4: Simulated PV-source with a prospective short-circuit current according to 7.4.4, 
corresponding to ITest in Figure 1a). 

7.3 Indelibility of markings 

This test shall be applied on markings of all types except those made by impressing, moulding 
and engraving. 

The test is made by rubbing the marking by hand for 15 s with a piece of cotton soaked with 
water and again for 15 s with a piece of cotton soaked with aliphatic solvent hexane with a 
content of aromatics of maximum 0,1 % volume, a kauributanol value of 29, initial 
boiling-point approximately 65 °C and specific gravity of 0,68 g/cm3. 

As an alternative, it is permitted to use a reagent grade hexane with a minimum of 85 % as 
n-hexane.  

NOTE The designation “n-hexane” is chemical nomenclature for a “normal” or straight chain hydrocarbon. This 
petroleum spirit is often further identified as a certified ACS (American Chemical Society) reagent grade hexane 
(CAS# 110-54-3). 

After this test the marking shall be easily legible. 

7.4 Electrical tests 

7.4.1 Residual current IPE 

7.4.1.1 Test procedure 

Measurements shall be taken by consecutively applying the following power sources between 
+ to PE and – to PE: 

– a DC source at UCPV, 
– an AC source providing a sinusoidal voltage at 50 Hz or 60 Hz with a peak value 

corresponding to UCPV. 

The residual currents (AC and DC) flowing through the PE-terminal shall be recorded  
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