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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS UP
TO 1 000 V AC AND 1500 VDC — EQUIPMENT FOR TESTING, MEASURING
OR MONITORING OF PROTECTIVE MEASURES -

Part 9: Equipment for insulation fault location in IT systems

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 61557-9:2023 edition 4.0
allows the user to identify the changes made to the previous IEC 61557-9:2014
edition 3.0. Furthermore, comments from IEC TC 85 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is

available at the end of the CMV.
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IEC 61557-9 has been prepared by IEC technical committee 85: Measuring equipment for
electrical and electromagnetic quantities. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) new terms and definitions on maximum admissible locating AC and DC currents and
voltages;

b) the requirements on locating current and locating voltage have been revised;

c) performance requirements have been added;

d) the test requirements for locating current and locating voltage have been revised;

e) the structure of this document has been adapted to that of IEC 61557-1:2019;

f) the limit values under Clause A.2 were adapted to fit the changed test methods in 6.2.3.

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

Draft Report on voting

85/896/FDIS 85/901/RVD

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

The language used for the development of this International Standard is English

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61557 series, published under the general title Electrical safety in
low voltage distribution systems up to 1 000 V AC and 1 500 V DC — Equipment for testing,
measuring or monitoring of protective measures, can be found 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 webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT — The "colour inside™ logo on the cover page of this document 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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ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS UP
TO 1000 V AC AND 1500V DC — EQUIPMENT FOR TESTING, MEASURING
OR MONITORING OF PROTECTIVE MEASURES -

Part 9: Equipment for insulation fault location in IT systems

1 Scope

This part of IEC 61557 specifies the requirements for the insulation fault location system (IFLS)
that localizes insulation faults in any part of the system in unearthed IT AC systems and
unearthed IT AC systems with galvanically connected DC circuits having nominal voltages up
to 1 000V AC, as well as in unearthed IT DC systems with voltages up to 1500V DC,
independent of the measuring principle.

NOTE 1 IT systems are described in IEC 60364-4-41-amongst-otherliterature.-Additional-data—foera-selectionof
devicesin-other standards-shouldbenoted- |1 Further information on insulation fault location can be found in the
following International standards: IEC 60364-4-41:2005, 411.6 and IEC 60364-4-41:2005/AMD1:2017, 411.6, and

IEC 60364-5-53:20042019/AMD1:2020, |2 531.3.

NOTE 2 This document covers both passive IFLS and active IFLS. Active IFLS can be used in de-energised
systems. | 3

NOTE 3 This document does not cover IMD complying with IEC 61557-8. |4
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 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60364-7-710:20022021, Low-voltage electrical installations—ef—buildings — Part 7-710:
Requirements for special installations or locations — Medical locations

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

IEC 60721-3-1:2018, Classification of environmental conditions — Part 3-1: Classification of
groups of environmental parameters and their severities — Storage

IEC 60721-3-2:2018, Classification of environmental conditions — Part 3-2: Classification of
groups of environmental parameters and their severities — Transportation and handling

Documents
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This part of the note provides no added value for the reader.

Supplementation of relevant standards.

In this edition, some performance requirements have been completely revised to reduce the deviation of the test results during the testing. The test part is updated accordingly. A better distinction between the active and passive IFLS is also enabled.

In practice, insulation monitoring devices and insulation fault location system are often confused.
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| IEC 60721-3-3:2019, Classification of environmental conditions — Part 3-3: Classification of
groups of environmental parameters and their severities — Stationary use at weatherprotected
locations

IEC 60947-5-1:2016, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices
and switching elements — Electromechanical control circuit devices

IEC 60947-5-4:2002, Low-voltage switchgear and controlgear — Part 5-4: Control circuit devices
and switching elements — Method of assessing the performance of low-energy contacts —
Special tests

IEC 60947-5-4:2002/AMD1:2019

IEC 61010-1:2010, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 1: General requirements
IEC 61010-1:2010/AMD1:2016

IEC 61010-2-030, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 2-030: Particular requirements for equipment having testing andor
measuring circuits

IEC 61010-031, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 031: Safety requirements for hand-held and hand-manipulated probe
assemblies for electrical test and measurement-and-test

IEC 61010-2-032, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 2-032: Particular requirements for hand-held and hand-manipulated
current sensors for electrical test and measurement

IEC 61140, Protection against electric shock — Common aspects for installation and equipment

IEC 61326-1:2020, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 1: General requirements

IEC 61326-2-2, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 2-2: Particular requirements — Test configurations, operational conditions

| and performance criteria for portable testing, measuring and monitoring equipment used in
low-voltage distribution systems

IEC 61326-2-4, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 2-4: Particular requirements — Test configurations, operational conditions
and performance criteria for insulation monitoring devices according to IEC 61557-8 and for
equipment for insulation fault location according to IEC 61557-9

| IEC 61557-1:20072019, Electrical safety in low voltage distribution systems up to 1 000 V AC
and 1 500V DC — Equipment for testing, measuring or monitoring of protective measures —
Part 1: General requirements

| IEC 61557-8:2014, Electrical safety in low voltage distribution systems up to 1 000 V AC and
1 500 V DC — Equipment for testing, measuring or monitoring of protective measures — Part 8:
Insulation monitoring devices for IT systems

IEC 61810-2:2017, Electromechanical elementary relays — Part 2: Reliability
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3 Terms, definitions and abbreviated terms

3.1 Terms, definitions, symbols and units

For the purposes of this document, the terms and definitions given in IEC 61557-1, IEC 61557-8
and the following apply.

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

e |EC Electropedia: available at https://www.electropedia.org/

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

3.11

insulation fault location system

IFLS

device, equment or comblnat|on of dewces used for msulatlon fault Iocatlon |n IT systems

Note 1 to entry: IFLS functionality can be used in addition to insulation monitoring functionality. It injects a locating
current between the electrical system and earth and locates the insulation fault. | 8

3.1.2

locating current

I

rm-s—value-of-the |6 current that is injected by the locating current injector during the location
process

Note 1 to entry: The locating current can be generated by:
. . . ¢ .

— an active locating source with a sufficiently large internal impedance using an independent voltage source
different from the system to be monitored, or

— apassive locating current source driven directly from the system to be monitored. | 7

3.1.3

locating voltage

UL

r-m-s—value-of the 8 voltage present at the measuring terminals of the locating current injector
during the measurement when the device has an-independent active |9 locating—veltage—or
edrrent-source

Note 1 to entry: In a fault-free, de-energized system, this represents the voltage present between the terminals of
the locating device to the system to be monitored and the terminals for the connection to the PE conductor.

3.1.4

response sensitivity

value of the-evaluating locating current or insulation resistance at which the-evaluater insulation
fault locator responds under specified conditions 10

Note 1 to entry: Response sensitivity-eanr may either be a fixed threshold or a response curve.

3.1.5

insulation fault locator

IFL

device or part of a device-fer-thelecation—of, that has the function to locate 11 the insulation

fault Documents
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Increased understandability and better differentiation of the IFLS function from the IMD function.

Increased understandability and better differentiation of the IFLS function from the IMD function.

In this edition, requirements for the locating current were not only based on the r.m.s. value.

There are different requirements for the locating current of active/passive insulation fault locating systems.

In this edition, requirements for the locating voltage were not only based on the r.m.s. value.

Every active locating source is independent of the voltage of the IT system being monitored.

More consistent use of the terms.

Improved wording to increase readability.
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3.1.6

locating current sensor

LCS

sensor for the detection of the locating current used for the location of the insulation fault

3.1.7
locating current injector
| LCI
device or part of a device, that has the function to inject the locating current into the IT system
in order to locate the insulation fault

3.1.8
passive locating current injector
PLCI
locating current injector that generates the locating current directly from the system to be
monitored
3.1.9
active locating current injector
| ALCI

locating current injector that generates the locating current from a locating voltage source which
is-irdependent different 12 from the system to be monitored

3.1.10

equipmentfor-insulation fault location system in medical location

MED-IFLS

specific insulation fault location equipment dedicated to locating insulation faults in IT systems

of group 2 medical locations-cemplying-with-ArrexA

Note 1 to entry: The MED-IFLS is described in IEC 61557-9:2023, Annex A.

Note 2 to entry: Medical locations are defined in IEC 60364-7-710. 13

3.1.11
response time

Lal
time required by insulation fault location equipment to respond under-the-conditionsof A-2.2.4
specified performance conditions

Note 1 to entry: The requirements for the condition can be found in IEC 61557-9:2023, A.2.2.4.

3.1.12
group 2 medical location

medical location where ME equipment or ME systems are intended to be used intrusively,
externally or invasively to any part of the patient and where discontinuity of the electrical supply,
such as protection against electric shock, represents a risk to the safety of the patient

[SOURCE: IEC 60364-7-710:2021, 710.3.9, modified — "medical location" added to the source
term "group 2".114 A5
Documents
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Improved wording for a more accurate description.

Better fitting references in Note 1 and Note 2.

Adapted to the amended definition in the source.

Updated reference.
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3.1.13

portable equipment for insulation fault location

PIFL

equipment used for temporary insulation fault location in IT systems instead of, or in addition

to, fixed installed-insulationfaultlocation-equipment equipment for insulation fault location

Note 1 to entry: The requirements for PIFL are defined in Annex B of this document.

3.1.14

system leakage capacitance for IFLS

Cel

maximum value of the total capacitance to earth of the system to be monitored including any
connected appliances up to which the IFLS can work as specified

Note 1 to entry: The system leakage capacitance is the sum of the leakage capacitances of all phase conductors
including the neutral conductor to earth. 16

3.1.15
maximum admissible locating AC current

Liimit AC
maximum peak value of the locating current above a pre-set level of frequency

Note 1 to entry: The frequency and current levels are derived from IEC 61140. 17

3.1.16

maximum admissible locating DC current

Liimit bc

maximum peak value of the locating current below a pre-set level of frequency

Note 1 to entry: The frequency and current levels are derived from IEC 61140. 17

3.1.17

maximum admissible locating AC voltage

Ulimit AC

maximum peak value of the locating voltage above a pre-set level of frequency

Note 1 to entry: The frequency and voltage levels are derived from IEC 61140. 18

3.1.18

maximum admissible locating DC voltage

Ulimit DC

maximum peak value of the locating voltage below a pre-set level of frequency

Note 1 to entry: The frequency and voltage levels are derived from IEC 61140. 18

3.1.19

injection resistance

R;

resistance of the locating current injector between the injection terminal and the earth terminal 19

3.1.20

injection impedance
Zi
total impedance of the locating current injector between the injection terminal and the earth

terminal, measured at the nominal frequency 19
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The maximum system leakage capacitance influences the IFLS function and was therefore added.

Based on the different physiological effects of AC and DC body currents, different limits for the maximum locating current are defined.

Based on the different physiological effects of AC and DC body currents, different limits for the maximum locating current are defined.

Based on the different physiological effects of AC and DC voltages, different limits for the maximum locating voltage are defined.

Based on the different physiological effects of AC and DC voltages, different limits for the maximum locating voltage are defined.

These definitions are analogous to the internal resistance and the source impedance of the measuring voltage source in IEC 61557-8.

These definitions are analogous to the internal resistance and the source impedance of the measuring voltage source in IEC 61557-8.

http://www.avadocuments.com/doc/iec-61557-9-2023-cmv
http://www.avadocuments.com/doc/iec-61557-9-2023-cmv

-12 - IEC 61557-9:2023 CMV © IEC 2023

3.1.21
symmetrical insulation fault
defect in the insulation of an electric installation or equipment creating a resistive path to earth
having approximately the same resistance from all phase conductors to earth 20
3.1.22
asymmetrical insulation fault
defect in the insulation of an electric installation or equipment creating a resistive path to earth
having different resistances from all phase conductors to earth 20
3.2 Abbreviated terms and symbols
The abbreviated terms and symbols listed in Table 1 apply to this document.
Table 1 — Abbreviated terms and symbols
Abbreviated term Ferm Explanation Clause Other referenced
or symbol {in-this-part9) standard
Ciq System leakage capacitance downstream Figure-G-2
of the-evaluating locating current sensor
CLy System leakage capacitance upstream of Figure C.2
the-evaluating locating current sensor
Cq System leakage capacitance for IFLS
EMC Electromagnetic compatibility 4.5 {EC 60050~
164-04-07
FE Functional earth terminal 4-6-3 HEG-64040-1
gn Standard acceleration of free fall
IFL Insulation fault locator 345GC4
IFLS Insulation fault location system 3.1.1, Annex C
I Locating current 4.4.2,C1
IMD Insulation monitoring device Annex C IEC 61557-8;
3114
IP Degree of protection of enclosure 4.8.3 1EC- 60050~
426-04-02
LCI Locating current injector 3.1.7,C2
LCS Locating current sensor 3.1.6,C.1
LLW Local location warning 4.2.2
PE Protective earth conductor 4-Ez HEC-60050-
Sl
PIFL Portable equipment for insulation fault SR
location
PLCI Passive locating current injector
ALCI Active locating current injector
PLCS Portable locating current sensor B2.2.1
o Quality factor
Re Insulation resistance 822 C2 IEC 81557-8, 3142
RLW Remote location warning 4.2.3
RMS Root-mean-square value, effective value
T Transformer in an IT system I i \i Documents
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These definitions are comparable to the definition in IEC 61557-8. Since IMDs and IFLS are used in the IT system, the same definitions are used for the insulation faults to be distinguished.

These definitions are comparable to the definition in IEC 61557-8. Since IMDs and IFLS are used in the IT system, the same definitions are used for the insulation faults to be distinguished.
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Abbreviated term Ferm Explanation Clause Other referenced
or symbol Leaie om0 standard
Limit AC Maximum admissible locating AC current
Limit DC Maximum admissible locating DC current
Uimit AC Maximum admissible locating AC voltage
Ulimit DC Maximum admissible locating DC voltage
MED-IFLS Insulation fault location system in medical locations
tal Response time
RLW Remote location warning
pF Microfarad
The farad (symbol: F) is the S| derived unit of electrical capacitance.
1 yF (microfarad, one millionth (10-6) of a farad)
U Formula symbol for a voltage in the S| unit volt
U, Calculated voltage for the locating voltage assessment
Ug Measured voltage for the locating current assessment
U, Locating voltage
Upa Permanently admissible nominal voltage
U, Nominal system voltage
Ug Supply voltage
MQ megaohm
The ohm (symbol: Q) is the S| derived unit of electrical resistance. 1 MQ (megohm)
corresponds to one million ohms
Z, Injection impedance
Total impedance of IFLS between the terminals to the system and earth, measured at
the rated frequency f
R, Injection resistance
Ry First resistance of the voltage divider
R Second resistance of the voltage divider
Rg First resistance of the voltage divider representing resistance of human skin
Ry Second resistance of the voltage divider representing resistance of a human body
C; Capacitance of anti-aliasing filter
us Microsecond
The second (symbol: s) is the base unit of time in the International System of Units (SI).
Fc Test Fc: Vibration (sinusoidal)
Ea Test Ea and guidance: Shock
nF nanofarad
The farad (symbol: F) is the S| derived unit of electrical capacitance.

4 Requirements

4.1 General requirements
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The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.
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Equipment for insulation fault location shall be capable of localizing symmetrical insulation
faults as well as asymmetrical insulation faults in an IT system and to give a location warning if
the insulation resistance in a part of the installation falls below the response sensitivity.

If equipment for insulation fault location has a self-test function, the self-test shall not produce
an insulation fault to earth.

For the requirements of an insulation fault location system in medical locations, see Annex A.

For the requirements of portable equipment for insulation fault location, see Annex B.

4.2 Mandatery-Functions provided by an IFLS

4.21 Location warning

An IFLS shall contain a visual warning device, which indicates if an insulation fault is detected
or. Alternatively, an IFLS shall allow for connection to such a visual warning device for the
indication of an insulation fault. If externally connectable audible signalling devices are provided,
they may be fitted with a resetting facility. In this case, after clearing an insulation fault or
resetting the device, the audible signal shall sound if a new insulation fault occurs. The location
warning shall be either a local location warning or a remote location warning or both together.

4.2.2 Local location warning (LLW)

This function aims at issuing a warning signal when the insulation resistance between the
‘ system and earth falls below the set response-sensitivity value.

This function will include the localization of an insulation fault in an IT system including
symmetrical and asymmetrical insulation faults, an assessment of this fault and a local warning.

| A local warning should be made by visual indicators or by additional audible signals generated
by the product implementing the function.

NOTE Usually this function is provided by the IFLS.
4.2.3 Remote location warning (RLW)

This function aims at issuing a remote warning signal if the insulation resistance between the
system and earth falls below the response sensitivity.

This function will include the localization of an insulation fault in an IT system including
symmetrical and asymmetrical insulation faults, an assessment of this fault and a remote
warning.

A relay contact output or an electronic switching output or a data communication can be used
to report the warning remotely.

NOTE The warning output-could-alse can be used in some applications for switching.
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These notes have been included in the normative text under Subclause 4.2.

Sticky Note
These notes have been included in the normative text under Subclause 4.2.

These notes have been included in the normative text under Subclause 4.2.
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4.3 Optional functions provided by IFLS
4.3.1 Indication of the insulation value

When an IFLS includes means for the indication of the insulation value, the uncertainty of the
indicated value shall be stated by the manufacturer.

4.3.2 Performance of the IFLS Alarm in case of the interruption of the loss of the
connection to the locating current sensor (LCS)

When an IFLS includes a periodic verification of the connection to one or more LCSs, an
indication in case of loss of connection shall be provided.

4.3.3 Self-test

An IFLS can have a self-test function. Checking the response sensitivity by the self-test is not
mandatory.

4.4 Performance requirements
4.41 Response sensitivity

An IFLS shall be designed in such a manner that the response sensitivity stated by the
manufacturer will be met under the specified system conditions, at a total symmetrical system
leakage capacitance of 1 yF upstream of the-evaluating locating current sensor (C , = 1 pF,

CLq = 0 pF according to Figure C.2).

Information on the influence of the system leakage capacitances higher than 1 yF on the
response sensitivity as well as possible interference from the distribution system on the
insulation fault location process shall be stated by the manufacturer.

4-42—Locating-currentf_ 23
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This part has been completely revised in order to reduce the deviations of the test results in different third-party testing institutes.
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4.4.2 Locating current | and locating voltage U

If a passive locating current source is used, the locating current /| shall be limited to 500 mA

RMS. The locating current shall not increase above 500 mA RMS, under foreseeable
component failures in the locating current injector (LCI). When the locating current is adjustable,
unintentional changes of the setting shall be prevented by suitable means.

If an active locating source is used, then there are no additional requirements on the locating
current 7, when the value of the locating voltage U does not exceed:

— The maximum admissible locating DC voltage Uit pc of 120 V peak measured with the
circuit, which has an equivalent resistance of at least 20 times the injection resistance if the
signal frequency is less than 15 Hz or is DC.

— The maximum admissible locating AC voltage Uit ac of 50V RMS and 70 V peak

measured with the circuit, which has an equivalent resistance of at least 20 times the
injection resistance, if the signal frequency is greater than or equal to 15 Hz.

For signal frequencies less than 15 Hz or DC, the maximum locating DC current /it pc shall
not exceed 10 mA peak, if the value of the locating voltage U, exceeds:

— The maximum admissible locating DC voltage U| it pc ©f 120 V peak measured with the
circuit, which has an equivalent resistance of at least 20 times the injection resistance.

For signal frequencies greater than or equal to 15 Hz, the maximum locating AC current /|t ac
shall not exceed 3,5 mA RMS and 5 mA peak if the value of the locating voltage U, exceeds:

— The maximum admissible locating AC voltage U initac ©f 50V RMS and 70 V peak

measured with the circuit, which has an equivalent resistance of at least at 20 times the
injection resistance.

Under certain circumstances for the tests in accordance with 6.2.3, injection impedance shall
be considered.

4.4.3 Permanently admissible nominal voltage Upa 24

The permanently admissible nominal voltage Upa shall be at least 105 % of the highest nominal
system voltage U,,.

The permanently admissible nominal voltage Upa applies between the system connections of
the IFLS and between the system connections and earth.

If IFLS are applicable in IT systems with frequencies different from the mains nominal frequency,
for example 50 Hz/60 Hz, the manufacturer shall provide information of the permanently
admissible system voltages at the relevant frequency range in the operating instructions.

4.4.4 Supply voltage Ug 25

For IFLS without separate supply connections where the supply voltage Uy is taken out of the
system voltage U,,, the working range of the supply voltage Ug shall be equal to the voltage
range of the system voltage U,,.

For IFLS with separate connections for the supply voltage U,, the manufacturer shall provide
information about the admissible range of the supply voltage Us.
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These definitions are analogous to comparable requirements in IEC 61557-8.

These requirements have been supplemented in analogy to similar requirements in IEC 61557-8. However, a distinction was made here between actively and passively operating IFLS.
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4.5 Safety requirements

4.5.1 Clearance and creepage distances

An IFLS shall have minimum clearance and creepage distances in accordance with IEC 61010-1
and IEC 61010-2-030.

Clearance and creepage shall comply with:

— overvoltage category Il according to IEC 61010-1;

— measurement category Il according to IEC 61010-2-030;

— pollution degree 2.

In special applications where transient overvoltage is limited, e.g. by the use of transformers
with protective separation, measuring circuits may be designed for OVC Il. For devices installed

in OVCII environments, insulation shall be designed, and tests shall be carried out according
to IEC 61010-1:2010, Clause 6 and IEC 61010-1:2010/AMD1:2016, Clause 6.

NOTE For circuit design features, see IEC 61140. 27

4.5.2 Protection class and earth connection of the IFLS

Contrary-totEC-61557-1,-the PE The earth connection of the LCI component of an IFLSH{LCH ‘

is a measuring connection and shall be treated as a functional earth connection (FE). If the
IFLS has accessible parts which are earthed for protective purposes, these connections shall
be treated as protective-earth conductor connections (PE). 28 ‘

4.6 Electromagnetic compatibility

The IFLS shall comply with the EMC requirements in accordance with IEC 61326-2-4.
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The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.

The optional use of IEC 60664-1 and parts of the IEC 61010 series for insulation coordination has been removed to simplify the harmonisation process at CENELEC level.

The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.
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4.7 Mechanical requirements

The mechanical tests according to 6.2.11 shall be passed without failure. 30
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The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.

Requirements and test methods were mixed up here, so this part has been completely revised. See Table 7.
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4.7.2 IP protection class requirements

The manufacturer shall document equipment IP protection class in accordance with IEC 60529.
The minimum requirements are given in Table 2, which specifies minimum IP requirements for
the different kinds of IFLS housings.

Table 2 — Minimum IP requirements for IFLS

Kind of IFLS Front panel H°;‘rii:t9;):::fpt

Fixed installed IFLS IP 40 IP 2X
panel mounted devices.

Fixed installed IFLS IP 40 IP 2X
modular devices snapped on DIN rails within distribution panel.

Fixed installed IFLS IP 2X IP 2X
housing devices snapped on DIN rails within distribution panel.

Portable IFLS IP40 0 IP 40

4.8 Climatic environmental conditions
The IFLS shall operate at least under the following-climatic temperature conditions:

— operation: class-3K5 3K22 in accordance with IEC 60721-3-3:2019, -5 °C to +45 °C,-except
: P : fice.

— transport: class-2K3 2K11 in accordance with IEC 60721-3-2:2018, -25 °C to +70 °C,

— storage: class-+<4 1K22 in accordance with IEC 60721-3-1:2018, =25 °C to +55 °C. 31

5 Marking and operating instructions

5.1 Marking

In addition to the marking-in-accordance-with-Clause- 5-of lEC61557-1:2007; of IEC 61010-1
and IEC 61010-2-030 the following information shall be provided on the IFLS, if applicable: 32

— type of device as well as mark of origin or name of the manufacturer,
— type of IT system to be monitored (if the IFLS is designed for a specific type of IT system),
— nominal system voltage U, or range of the nominal voltage,

— nominal value of the rated supply voltage Ug or range of the rated supply voltage,

— nominal frequency of the rated supply voltage Ug and the nominal voltage U, or working
range of frequencies for the rated supply voltage or nominal voltage,

— the serial number, the year of manufacture or the type-designation-mandatery required on
the outside and, if-nrecessary this is not possible, on the inside of the IFLS.

All-data information of 5.1 shall be indelibly marked on the IFLS.

5.2 Operating instructions

In addition to IEC 61010-1 and IEC 61010-2-030 the operating instructions shall state the
following information-in-additionto-therequirements-givenin-5-2 o HEC 6155712007 33
. f the. | . i I L : |
o 1l | . \
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The climate classes have been updated. However, only the temperature requirements are taken into account as the other requirements are not applicable.

The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.

The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.
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— maximum RMS or peak values of the locating voltage U in cases where it is independent
from the voltage in the system to be monitored;

— maximum RMS or peak values of the locating current 7 ;

— response sensitivity;

— technical data of the interface for the connection of an external warning device, including
rated voltage and rated current, rated insulation voltage and explanation of the interface
function;

— wiring connection diagram,

— information on the influence of system leakage capacitances, of the system voltage and of
the type of distribution system on the response sensitivity;

— locating voltage according to 4.4.2 and conformity to the relevant EMC standards;
— functional description of the IFLS;

— an indication that the system to be monitored including any connected appliances-might can
be influenced by the IFLS, for example influence on residual current devices (RCDs);

— an indication that IMDs may be influenced by the IFLS, if applicable;

— an explanation in the operating instructions that if the IMD is deactivated during the fault
ndication—it location this shall be explained in the operating instructions;

— the maximum operating uncertainty for the response sensitivity under specified conditions;
— the maximum operating uncertainty for the indication of the insulation value, if applicable;
— the maximum value of the system leakage capacitance Cy,.

For an IFLS with an injection impedance where the injection current is not limited by any locating
current resistance in series, information concerning the injection impedance Z; of the locating

current injector as a function of the injector frequency shall be provided.

Information for contact circuits, provided in the technical documentation,—should shall be in
accordance with IEC 61810-2 or with IEC 60947-5-1 and with IEC 60947-5-4. The choice of the
standard to be taken into account is to be made by the manufacturer, depending on which scope
of the standards mentioned is better suited to the intended field of application of the IFLS. The
selection shall be documented.

6 Tests

6.1 General

Compliance with requirements of Clause 4 shall be verified by all applicable tests specified in
Clause 6 under the reference conditions according to Table 3.

Documents

Document Sharing Hub

Full document details: IEC 61557-9 2023 CMV


The reference to IEC 61557-1 has been deleted where possible to reduce the harmonisation effort in CENELEC.

http://www.avadocuments.com/doc/iec-61557-9-2023-cmv
http://www.avadocuments.com/doc/iec-61557-9-2023-cmv

IEC 61557-9:2023 CMV © IEC 2023 -21 -

Table 3 — Reference conditions for testing 35

Item Reference conditions
Mains frequency Rated frequency £ 1 %
Operating temperature 22°C+3°C
External continuous magnetic field <40 A/m DC

< 3 A/m AC at 50/60 Hz

Auxiliary supply voltage Nominal supply voltage specified by manufacturer
+5 %

6.2 Type tests

6.2.1 Climatic tests 36
6.2.1.1 Climatic tests under operation

Normal operation of the IFLS under the conditions described in Table 4 shall be verified. At
least 1 h before the end of each climatic test, the tests specified in 6.2.2, 6.2.3 and 6.2.4 shall
be performed.

Table 4 —Reference-conditionsfortests-in-operation Climatic tests in operation

Climatic characteristics Basic Level / Test specification
standard Class
Exposed to the cold IEC 60068-2-1 | Ad -5° C; 96 h;veoltage-tests
Exposed to dry heat IEC 60068-2-2 | Bd +45° C; 96 h;-veltage-tests

6.2.1.2 Climatic tests for storage

Verification of resistance to environmental stresses during storage shall be verified in
accordance with Table 5. This test is performed without voltage. One hour after the end of each
climatic test, the tests specified in 6.2.2, 6.2.3 and 6.2.4 shall be performed.

Table 5 —Reference-conditions for storage tests Climatic tests for storage

Climatic characteristics Basic Level / Test specification
standard Class
Exposed to the cold IEC 60068-2-1 | Ab -25°C; 96 h
Exposed to dry heat IEC 60068-2-2 |Bb +70° C; 96 h

6.2.2 Test of response sensitivity of the IFLS 37

The response sensitivity shall be tested at the lowest and at the highest value of the nominal

system voltage U, and-ef-therated-supply-voltage-Ug-and under the conditions of 4.4.1.

For this test, the insulation resistance shall be simulated-as—fellews according to the 4 test
conditions specified in Table 6:
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The reference conditions have been completely revised and are more comparable to the reference conditions of other parts of the IEC 61557 series. Tests should thus be easier to understand and better reproducible.

The sections on climate testing have been revised to minimise misinterpretation.

The response sensitivity test was extended to 4 test cases to ensure the function of the IFLS under the defined operating conditions.
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— single pole resistor (from-ene each phase of U, in turn to earth);

— symmetrically (same resistor from all phases of U,, to earth).

Table 6 — List of test conditions (TC)

Test Insulation resistance U, Response sensitivity
conditions
TCA1 single pole resistor highest value of the nominal conditions of 4.4.1
- system voltage U
TC2 symmetrically
TC3 single pole resistor lowest value of the nominal
- system voltage U,
TC4 symmetrically

The measuring device used for testing shall be able to accommodate slow continuous or
fine-step changes of the insulation resistance as well as a connection of system leakage
capacitances according to 4.4.1. Capacitors with an insulation resistance of at least 100 MQ
and a tolerance limit of +10 % maximum shall be used for simulating system leakage
capacitances.

During testing, the insulation faults are simulated by externally connected test resistors. The
response sensitivity shall be determined at the lower and the upper value of the voltage of the
system to be monitored by reducing the test resistances slowly. The response sensitivity shall
be determined with symmetrical and single pole test resistances. If the measuring principle
depends on the magnitude of the system leakage capacitance, the specified response
sensitivity shall be tested by connecting capacitors step by step.

When the IFLS is provided with adjustable response sensitivity, the tests shall be performed at
the lowest and at the highest value for a value which is adjustable continuously and for all
values with fixed selectable response sensitivities.

The tests shall be performed under the-elimatic-environmental reference conditions of-4-7 6.1.

The response sensitivity shall be compared with the values stated by the manufacturer.

6.2.3 Test of the locating current I| and locating voltage U, 38
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This part has been completely revised in order to reduce the deviations of the test results in different third-party testing institutes.
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Requirements of 4.4.2 are tested in this subclause.

The locating current shall be measured in an IT system with no system leakage capacitance
and with an insulation resistance > 100 MQ as follows:

— If a passive locating current source is used:
e set the voltage of the IT system to the maximum nominal system voltage of the device;

e connect an amperemeter or an appropriate device between one phase conductor and
the PE conductor and measure the RMS value of the locating current, as specified in
Figure 1.

— If an active locating source is used:
e connect the anti-aliasing filter between the injection terminal and the earth terminal;

e set the voltage divider in Figure 2 to satisfy the equivalent resistance requirement from
4.4.2. For example, if the injection resistance is below 500 kQ, Ry, can be set to 9,9 MQ,

Rt to 100 kQ and C;to 10 nF.

e connect a voltmeter with peak and RMS measurement capabilities to the output of the
anti-aliasing filter and measure the peak and RMS values as shown in Figure 2.

U, shall be calculated from the voltmeter measurement and shall be less than Uit ac for

/=15 Hz. The voltmeter shall be in the peak mode for the peak measurement and in the true
RMS mode for the RMS measurement. For the peak measurement, the voltmeter shall have a
maximum response time of 250 pus.

U, shall be calculated from the voltmeter measurement and shall be less than U, pc for

f <15 Hz, measured with a voltmeter in the peak mode. The voltmeter shall have a maximum
response time of 250 ps.

NOTE 1 A conformity assessment can be used to consider both the device and its related user documentation. A
third-party body can use the above test configuration or any other relevant test configuration.

If an active locating source is used with a locating voltage above 50 V AC RMS and 70V peak
or 120 V DC:

— connect the voltage divider between the injection terminal and the earth terminal;
— set the voltage divider values, Rg to 500 Q and Rg to 1,5 kQ;

NOTE 2 The values for Ry and Rgrepresent the worst-case condition and can be found in IEC 60479-1.

— connect a voltmeter with peak and RMS measurement capabilities to the output of the
voltage divider and measure the peak and RMS values as shown in Figure 3.

Key for Figure 1 to Figure 3
1 phase

neutral

IFLS (operating)
injection terminal
injection system

amperemeter or appropriate device

N o oA wWwN

injection impedance 7,
8 injection resistance R, DOCI.ImentS
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9 locating current 7

10 earth terminal

11 Ry first resistance of the voltage divider

12 R, second resistance of the voltage divider

13 C;anti-aliasing filter

14 U, calculated voltage for the locating voltage assessment
15 Ug measured voltage for the locating current assessment

16  voltmeter with peak measurement capabilities for the peak measurement and a voltmeter with RMS
measurement capabilities for the RMS measurement

17 Rg first resistance of the voltage divider representing resistance of human skin

18 Ry second resistance of the voltage divider representing resistance of a human body
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Figure 1 — Test configuration: I} driven directly from the system to be monitored
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Figure 2 — Test configuration: Active locating source
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( IFLS (operating) }Injection terminal

Internal |
impedance

Internal /I\
DC

resistance R

Amperemeter

Or appropriate,

Injection
system Locating current

IEC

3
[ 4 |
v 11
<
8 %
19 15
9
10 l

\_ j

IEC

Figure 3 — Test configuration for current testing: Active locating source is used
with a locating voltage above 50 V AC RMS and 70 V peak or 120 V DC

Ug shall be less than ;;,;t ac * 500 Q for /2 15 Hz, measured with a voltmeter in peak mode

for the peak measurement and in the RMS mode for the RMS measurement. For the peak
measurement, the voltmeter shall have a maximum response time of 250 ps.

Ug shall be less than I}y oc * 500 Q V for < 15 Hz, measured with a voltmeter in a peak
mode. The voltmeter shall have a maximum response time of 250 us. Documents
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NOTE 3 A conformity assessment can be used to consider both the device and its related user documentation. A
third-party body can use the above test configuration or any other relevant test configuration.

6.2.4  Test of the location warning

Compliance with the requirements given in 4.2.1 shall be verified in accordance with the test
specification of the manufacturer which shall be documented.

6.2.5 Test of the indication of the insulation value

If an indication of the insulation value is provided, compliance with 4.3.1 shall be verified in
accordance with the test specification of the manufacturer which shall be documented.

6.2.6 Verification of insulation coordination

Compliance with the requirements for the clearance and creepage distances and insulation in
4.5.1 shall be performed in accordance with IEC 61010-1.

6.2.7 — Test of the performance of the LCl
6.2.8— Voltage test

6.2.7 Test of the electromagnetic compatibility (EMC)

The electromagnetic compatibility shall be tested in accordance with IEC 61326-2-4.

6.2.8 Test of the loss of LCS connection

If a test of the loss of the connection of LCS function is implemented, the requirements of 4.3.2
shall be verified by the interruption of the connection. Compliance with the requirements shall
be verified by visual or audible inspection.

For this test, interruption and short circuit of the connection shall be simulated.

6.2.9 Test of the protection class and of the earth connection of the IFLS

Compliance with-4-6-3 IEC 61010-1 shall be verified if the earth connection of the IFLS is
intended for protective earthing purposes. 39

6.2.10 Inspection of the marking and operating instructions

Compliance with the requirements given in 5.1 and 5.2 shall be verified by visual inspection.
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6.2.11 Mechanical test
6.2.11.1 Shock and vibration test
Shock and vibration tests shall be performed according to—verify-the requirements—of 4.8.2
Table 7.
Table 7 — Product mechanical test 40
Mechanical Standard and Test parameters Other information

robustness, in level

operation test
Behaviour to IEC 60068-2-6 2 Hz to 13,2 Hz — Duration in case of no resonance
vibrations Test E amplitude £1 mm condition 9 min at 30 Hz.

est Fc

13,2 Hz to 100 Hz —
acceleration +0,7 g.

For severe vibration
conditions such as for

example diesel engines,

air compressors etc.:

2,0 Hz to 25,0 Hz —
amplitude +1,6 mm

25,0 Hz to 100 Hz -
acceleration ¥4 g

Duration at each resonance frequency at
which Q 2 2 is recorded: 90 min.

During the vibration test, functional tests
are to be carried out.

Tests are to be carried out in three
mutually perpendicular planes.

As a guide, it is recommended that O
does not exceed 5.

Where a sweep test is to be carried out
instead of the discrete frequency test
and a number of resonant frequencies
are detected close to each other, the
duration of the test is to be 120 min.
Sweep over a restricted frequency range
between 0,8 times and 1,2 times the
critical frequencies can be used where
appropriate.

NOTE Critical frequency is a frequency
at which the equipment being tested can
exhibit:

— malfunction and/or performance
deterioration

— mechanical resonances and/or other
response effects occur, for example
chatter.

IEC 60068-2-27,
Test Ea

Behaviour to
shocks

10 g,/ 11 ms, 3 pulses

6.2.11.2

Validation of the IP requirements

The requirements of 4.7.2 shall be verified by visual inspection.

6.2.12 Record of the type test

The results of the type test shall be

6.3 Routine tests

6.3.1 General

Routine tests shall be performed on

documented.

each IFLS.
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16 cable. : th 4.1 shall | fiod.

6.3.2 Voltage test

The—dielectric—test voltage tests of insulation fault location systems shall be performed in
accordance with IEC 61010-1:2010, Annex F.

6.3.3 Recording of routine tests

The compliance with the tests of 6.3 should be recorded.

7 Overview of requirements and tests for IFLS

Table 8 gives an overview of the requirements for IFLS and the tests that shall be performed
for IFLS.
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Table 8 — Requirements and tests on IFLSs

Characteristics Requirements Type tests Routine tests

Local location warning 4.2.2 6.2.4 6.3.3

Not applicable
Remote location warning 4.2.3 6.2.4 e

Not applicable
Indication of the insulation value 4.3.1 6.2.5 Not applicable
Performance-of-theFLS Alarm in case of the 4.3.2 6.2.8 Not applicable
interruption of the loss of the connection to the LCS
Self-test 4.3.3 --- Not applicable
Response sensitivity 4.41 6.2.2 6-3-2

Not applicable
Locating current 4.4.2 6.2.3 Not applicable
Locating voltage 4.4.2 6.2.3 Not applicable
EMC 4.6 6.2.7 Not applicable
Clearance and creepage distances 4.51
Insulation coordination 6.2.6
Voltage test 6.3.2
Protection class and earth connection 4.5.2 6.2.9 Not applicable
Climatic environmental conditions 4.8 6.2.1 Not applicable
Mechanical requirements 4.7 6.2.11 Not applicable
Marking and operating instructions Clause 5 6.2.10 6.3.6

Not a[:;piicable
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Annex A
(normative)

Equipmentfor-Insulation fault location system in medical
locations (MED-IFLS)

A.1 Scope General

This annex gives additional requirements-fer-equipment for the insulation fault location system
that is used in unearthed AC IT systems of group 2 medical locations in accordance with
IEC 60364-7-710. 42

A.2 Requirements

A.21 General

In addition to the requirements of Clause 4-or-modifications-detailed-in-A-2.2and-A-23, the
following requirements apply. These requirements and the relevant type and routine tests are
given in Table A.1.

A.2.2 Performance requirements
A.2.2.1 Response sensitivity

The minimum response sensitivity shall be 50 kQ or U,/ 50 kQ at a total upstream system

leakage capacitance (sum of the leakage capacitances of all phase conductors to earth) of
0,5 pF.

A.2.2.2 Locating current 7, 43

The locating current /| shall not exceed the maximum admissible locating AC current I;;,it ac Of

1 mA peak and/or 1 mA RMS for frequencies greater than 15 Hz and it shall not exceed the
maximum admissible locating DC current /j;,it pc ©f 1 mA peak for frequencies less than 15 Hz

or DC.

A.2.2.3 Locating voltage U 43

If an active locating voltage U, or locating current /, is used, the locating voltage U shall be
below 25\ a-c—+m-s—ord-c not exceed the maximum admissible locating AC voltage Uit ac
of 35,5V peak and 25 V RMS, and the maximum admissible locating DC voltage Uj;pit pc of
35,5 V peak.

A.2.2.4 Response time 7,

The response time under the conditions of A.3.3 shall be stated by the manufacturer.

A.2.2.5 Indication of the fault-position location

fault has-been detected- Documents
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Information that indicates in which circuit the insulation fault has been detected shall be given. 44

A.2.3 Electromagnetic compatibility

In addition to the requirements of 4.6, the following applies:

The MED-IFLS shall be in accordance with IEC 61326-1:2020, 7.2, Group 1, Class B equipment
for emission and with the performance criteria in accordance with IEC 61326-2-4.

NOTE |EC 60364-7-710 provides the definitions for medical location groups. 48

A3 Marki | N .
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