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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS
UP TO 1000 V AC AND 1500 V DC — EQUIPMENT FOR TESTING,
MEASURING OR MONITORING OF PROTECTIVE MEASURES -

Part 8: Insulation monitoring devices for 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) 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 61557-8 has been prepared by IEC technical committee 85:
Measuring equipment for electrical and electromagnetic quantities.

This third edition cancels and replaces the second edition published in 2007. This edition
constitutes a technical revision.

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

a) Terms and definitions have been complemented;

b) Abbreviations are listed and explained;

c) Requirements have been revised;

d) Mandatory and optional functions and their terminology have been adﬁted from

IEC 61557-15: ocuments
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e) Mechanical requirements have been added;
f) Information on operating instructions has been added;
g) Type tests and routine tests have been complemented;

h) An Annex C: ‘Insulation monitoring devices for photovoltaic systems (PV-IMD)’ has been
added;

i) An Annex D: ‘Insulation monitoring function of a photovoltaic inverter (PV-IMF) or in a
charge controller’ has been added.

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

FDIS Report on voting
85/485/FDIS 85/502/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.
This part of IEC 61557 shall be used in conjunction with Part 1.

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 a.c. and 1 500 V d.c. — 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 publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

The contents of the corrigendum of May 2016 have been included in this copy.
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ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS
UP TO 1000 V AC AND 1500 V DC — EQUIPMENT FOR TESTING,
MEASURING OR MONITORING OF PROTECTIVE MEASURES -

Part 8: Insulation monitoring devices for IT systems

1 Scope

This part of IEC 61557 specifies the requirements for insulation monitoring devices (IMD)
which permanently monitor the insulation resistance R to earth of unearthed a.c. IT systems,
of a.c. IT systems with galvanically connected d.c. circuits having nominal voltages up to
1000V a.c.,, as well as of unearthed d.c. IT systems with voltages up to 1500V d.c.
independent from the method of measuring.

IT systems are described in IEC 60364-4-41 amongst other literature. Additional data for the
selection of devices in other standards should be noted.

NOTE Various standards specify the use of IMDs in IT systems. In such cases, the objective of the equipment is
to signal a drop in insulation resistance Rg below a minimum limit.

IMDs according to this part of IEC 61557 can also be used for de-energized TT, TN and IT
systems or appliances.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. 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, Environmental testing — Part 2-1: Tests — Test A: Cold

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

IEC 60364-7-710:2002, Electrical installations of buildings — Part 7-710: Requirements for
special installations or locations — Medical locations

IEC 60691, Thermal-links — Requirements and application guide

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

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

IEC 60721-3-3, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 3: Stationary use at weatherprotected
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IEC 60947-5-1, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices
and switching elements — Electromechanical control circuit devices

IEC 60947-5-4, 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 61010-1:2010, Safety requirements for electrical equipment for measurement, control,
and laboratory use — Part 1: General requirements

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

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, Electrical safety in low voltage distribution systems up to 1 000V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 1:
General requirements

IEC 61810-2, Electromechanical elementary relays — Part 2: Reliability

IEC 62109-2:2011, Safety of power converters for use in photovoltaic power systems — Part 2:
Particular requirements for inverters

CISPR 11, Industrial, scientific and medical equipment - Radio-frequency disturbance
characteristics - Limits and methods of measurement

3 Terms, definitions and abbreviations

3.1 Terms and definitions

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

3.11
extraneous d.c. voltage
Ut
g L .
d.c. voltage occurring in a.c. systems between the a.c. conductors and earth (derived from d.c.
parts)

3.1.2

insulation resistance

Re

resistance in the system being monitored, including the resistance of all the connected
appliances to earth

3.1.3

response value

Ra

value of the insulation resistance at which the device responds under specified conditions
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3.1.4

specified response value

Ran

value of the insulation resistance, permanently set or adjustable, on the device and monitored
if the insulation resistance falls below this limit

Note 1 to entry: R, is the value declared by the manufacturer.

3.1.5

relative uncertainty

relative percentage uncertainty

A

response value R, minus the specified response value R
value R,,, multiplied by 100 and stated as a percentage

an» divided by the specified response

Ra 7Ran

an

A= -100[%]

3.1.6

system leakage capacitance
Ce

maximum permissible value of the total capacitance to earth of the system to be monitored,
including any connected appliances, up to which value the insulation monitoring device can

work as specified and within a response time ¢, not exceeding 30 min

3.1.7
rated contact voltage
voltage for which a relay contact is rated to open and close under specified conditions

3.1.8
response time

tan
time required by an insulation monitoring device to respond under specified conditions

3.1.9

measuring voltage

Um

voltage present at the measuring terminals during the measurement

Note 1 to entry: In addition to the definition in IEC 61557-1, the measuring voltage U, is the voltage present in a
fault-free and de-energized system between the terminals of the system to be monitored and the terminals of the
protective conductor.

3.1.10

measuring current

Im

maximum current that can flow between the system and earth, limited by the internal d.c.
resistance R; from the measuring voltage source of the insulation monitoring device

Note 1 to entry: Measuring current /_ is designated as injected current in IEC 60364-7-710.

3.1.11

internal impedance

Zi

total impedance of the insulation monitoring device between the terminals to the system being
monitored and earth, measured at the nominal frequency f,
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3.1.12

internal d.c. resistance

R;

resistance of the insulation monitoring device between the terminals to the system being
monitored and earth

3.1.13

functional earthing

FE

earthing a point or points in a system or in an installation or in equipment for purposes other
than electrical safety

Note 1 to entry: For IMDs this is the measuring connection to earth.

3.1.14

insulation monitoring device

IMD

device which permanently monitors the insulation resistance to earth of unearthed a.c. IT
systems, a.c. IT systems with galvanically connected d.c. circuits having nominal voltages up
to 1 000 V a.c., as well as monitoring the insulation resistance of unearthed d.c. IT systems
with voltages up to 1 500 V d.c., independent from the method of measuring

3.1.15

type AC IMD

device which permanently monitors the insulation resistance to earth of unearthed a.c. IT
systems

Note 1 to entry: Extraneous d.c. voltages which could occur when an insulation fault behind galvanically
connected rectifiers appears can influence the monitoring function in a way that the required uncertainty for the
measurement increases beyond the requirements or in some cases the monitoring process is even not guaranteed.

3.1.16

type DC IMD

device which permanently monitors the insulation resistance to earth of unearthed d.c. IT
systems

3.1.17

type AC/DC IMD

device which permanently monitors the insulation resistance to earth of unearthed a.c/d.c. IT
systems, d.c/a.c. IT systems or d.c. IT systems

Note 1 to entry: The insulation monitoring function is active for insulation faults in all parts of the IT system which
are galvanically connected.

3.1.18

insulation fault

defect in the insulation of an electrical installation or of an equipment which can create a
resistive path to earth

Note 1 to entry: The insulation fault can appear as a single fault from one line conductor or as a symmetrical fault
from all line conductors.

[SOURCE: IEC 60050-604:1987, 604-02-02, modified — Term definition has been adapted to
suit electrical installations which can result in another fault type. Note added.]

3.1.19

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
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3.1.20

asymmetrical insulation fault

defect in the insulation of an electric installation or equipment creating a resistive path to
earth having different resistances from the phase conductors to earth

3.1.21

group 2 medical locations

medical locations where applied parts are intended to be used in applications such as
intracardiac procedures, operating theatres and vital treatment where discontinuity (failure) of
the supply can cause danger to life

Note 1 to entry: An intracardiac procedure is a procedure whereby an electrical conductor is placed within the
cardiac zone of a patient or is likely to come into contact with the heart, such conductor being accessible outside
the patient's body. In this context, an electrical conductor includes insulated wires, such as cardiac pacing
electrodes or intracardiac ECG-electrodes, or insulated tubes filled with conducting fluids.

[SOURCE: IEC 60364-7-710, 710.3.7, modified — Note to entry has been added.]

3.1.22

medical insulation monitoring device

MED-IMD

specific insulation monitoring device (IMD) dedicated to monitor medical IT systems of a
group 2 medical location

3.1.23
medical IT system
electrical IT system having specific requirements for medical applications

[SOURCE: IEC 60364-7-710:2002, 7.3.11]

3.1.24

overload current

overload current of an electrical circuit

overload current occurring in an electric circuit according to this standard is overload current
which is caused by connected loads

[SOURCE: IEC 60050-826:2004, 826-11-15, modified — The definition is about overload
current instead of overcurrent, which is not caused by a short-circuit or an earth fault.]

3.1.25
PV installation
erected equipment of a photovoltaic power (PV) supply system

3.1.26

PV electrical installation

the electrical installation of a PV system starts from a PV module or a set of PV modules
connected in series with their own cables, up to a distribution network or to a customer
installation

3.1.27
d.c. side
part of a PV installation from the PV modules to the d.c. terminals of the PV inverter

3.1.28

a.c. side

part of a PV installation from the a.c. terminals of the PV inverter to the point of connection of
the PV supply cable to the electrical installation
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3.1.29

PV inverter

device which converts d.c. voltage and d.c. current of the PV generator into a.c. voltage and
a.c. current

3.1.30

system leakage capacitance of the PV installation

sum of the leakage capacitances C, of the individual PV modules to earth including the
leakage capacitances C, of the complete PV installation

3.1.31

insulation monitoring device for photovoltaic systems

PV-IMD

insulation monitoring device suitable to monitor the insulation resistance of photovoltaic
electrical installations to earth

3.1.32

insulation monitoring function of a PV inverter

PV-IMF

function integrated in the PV inverter to monitor the insulation resistance Rg of the PV input
(array) to earth

3.2 Abbreviations

For the purposes of this document, the terms and abbreviations given in Table 1 apply.

Table 1 — Abbreviations

Abbreviation Term Clause/Subclause Referenced
standard
EMC Electromagnetic compatibility 4.5 IEC 60050-
161:1990,161-01-
07
IMD Insulation monitoring device 3.1.14 IEC 61557-8
LIW Local insulation warning 4.2.2.2 IEC 61557-8
LTMW Local transformer monitoring warning 4.3.2 IEC 61557-8
MED-IMD Medical insulation monitoring device Annex A IEC 61557-8
PTC Positive temperature coefficient Annex B IEC 61557-8
PV-IMD Photovoltaic IMD (IMD for photovoltaic systems) Annex C IEC 61557-8
PV-IMF Photovoltaic insulation monitoring function Annex D IEC 61557-8
RIW Remote insulation warning 4.2.2.3 IEC 61557-8
REDC Remote enabling / disabling command 4.3.4 IEC 61557-8
RTMW Remote transformer monitoring warning 4.3.3 IEC 61557-8

4 Requirements

4.1 General requirements

In addition to the requirements of Clause 4 of IEC 61557-1:2007, the requirements of
Clause 4 shall apply.

IMDs shall be capable of monitoring the insulation resistance Rg of IT systems including
symmetrical and asymmetrical allocation of the insulation resistance Rg and to give an
insulation warning if the insulation resistance Rr between either the system and f¥Hhco(it§ents
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system and the PE-connection or the system and another reference point for equipotential
bonding falls below the specified response value R, including the relative uncertainty of R,,.

So-called earth fault relays using a voltage asymmetry (voltage shift) in the presence of an
earth fault as the only measurement criterion and, as a consequence, detecting only
asymmetrical insulation faults, are not insulation monitoring devices according to this
standard.

A combination of several measurement methods, including asymmetry monitoring, may
become necessary for fulfilling the task of monitoring under special conditions on the IT
system.

NOTE These requirements are independent from the method of measurement. The methods of measurement can
use a measuring voltage or measuring current source which is independent from the system to be monitored or
they can use a measuring voltage or measuring current which is driven directly from the voltage of the system to be
monitored.

4.2 Types of IMDs
421 General

The measuring principle of IMDs shall have the ability to monitor the insulation resistance R
of IT systems for which they are designated under the requirements set by this standard.

IMDs are divided into the following types:

— type AC IMD for pure a.c. IT systems,

— type AC /DC IMD for a.c. IT systems with directly connected rectifiers and for pure d.c. IT
systems and for d.c. IT systems with directly connected a.c. inverters,

— type DC IMD only for pure d.c. IT systems,

NOTE Directly connected means that there is no isolation between the a.c. part and the d.c. part of the IT system
(both a.c. and d.c. parts are galvanically connected).

4.2.2 Mandatory functions provided by IMDs
4.2.2.1 General

IMDs shall comprise a visual warning device with local insulation warning (LIW) and/or shall
be provided with means for connecting such a device which indicates its operation with
remote insulation warning (RIW). This device shall not be provided with means for being
switched off. Built-in or externally connectable audible signalling devices may be fitted with a
resetting facility. It shall be ensured that an insulation warning is sent off in the case of a
newly occurring insulation fault, following an insulation fault that has been cleared and after
the devices may have been reset. The insulation warning shall be either a local insulation
warning (LIW) or a remote insulation warning (RIW) or both.

This function aims to issue a warning signal when the insulation resistance Rg between the
system and earth falls below the response value R,.

An indication of the value of the insulation resistance Rg by means of a measuring facility is,
in itself, not sufficient as a facility for visual signalling.

4.2.2.2 Local insulation warning (LIW)

This function includes the measurement of the insulation resistance R of an IT system
including symmetrical and asymmetrical components, an assessment of this resistance and a
local warning.

A local insulation warning (LIW) should be made by visual indicators and/or audi '
generated by the device that has implemented the function. Eﬁwﬁients
Document Sharing Hub

Full document details: IEC 61557-8 2014


http://www.avadocuments.com/doc/iec-61557-8-2014
http://www.avadocuments.com/doc/iec-61557-8-2014

IEC 61557-8:2014 © IEC 2014 -15 -

4.2.2.3 Remote insulation warning (RIW)

This function includes the measurement of the insulation resistance Rg of an IT system
including symmetrical and asymmetrical insulation faults, an assessment of this insulation
resistance Rg and a warning output.

The warning output shall be reported remotely with an output signal.

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

The warning output can also be used in some applications for switching.

4.2.3 Mandatory service function provided by the IMD — Test function

An IMD shall comprise a test device, or be provided with means for the connection of a test
device, for detecting whether the IMD is capable of fulfilling its warning functions. The IT
system to be monitored shall not be directly earthed when the test function is activated and
the test function shall not negatively influence the IMD and the IT system. This test is not
intended for checking the uncertainty of the response value.

The IMD shall provide an indication during or after the test whether or not the IMD is capable
of issuing an insulation warning. The reaction shall be in form of an indication on a display or
on another visual indication or via a remote output signal.

During the activation of the test the response time ¢,,, can be extended.

4.3 Optional functions provided by IMD
4.3.1 General

The following are additional optional functions for IMDs, provided that these are not
mandatory according to the annexes of this standard.

4.3.2 Local transformer monitoring warning (LTMW)

With this function a local warning signal is issued when the isolating transformer for IT
systems is working in abnormal conditions, which means that either the current at the
secondary side of the transformer or the temperature of the transformer exceeds the specified
limits.

This function includes monitoring of the rated output current, monitoring of the temperature of
the transformer, an assessment of these measurements and a local warning.

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

4.3.3 Remote transformer monitoring warning (RTMW)

With this function a remote warning signal is issued when the isolating transformer for IT
systems is working in abnormal conditions, which means that either the current at the
secondary side of the transformer or the temperature of the transformer exceeds the specified
limits.

This function includes monitoring of the rated output current, monitoring of the temperature of
the transformer, an assessment of these measurements and a remote warning.

The warning output shall be reported remotely with an output signal. Documents
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A relay contact output or an electronic switching output or a data communication can be used
to report the transformer warning remotely.

The warning output can also be used in some applications for switching.

4.3.4 Remote enabling and disabling command (REDC)

These functions take into account a remote command, either to enable the measurement of
the insulation resistance Rg of an IT system or to disable this measurement.

An input contact, an electronic input signal or a data communication can be used to enable or
disable the IMD.

NOTE The remote enabling / disabling command is used when two IT systems which are isolated from each other,
each of them having its own IMD interconnected temporarily to supply one single IT system.

4.4 Performance requirements
4.4.1 Specified response value R,,

The specified response value of an IMD shall be permanently set as a fixed value; or it shall
be adjustable within a response range. When the specified response value R, of the IMD is
adjustable, it shall be designed in such a way that it is impossible to modify the settings,
except by the use of a key, a tool or a password.

Adjustable response values of R,, can be of continuously or stepwise adjustable values.

NOTE Standards for the installation of IT systems define the lowest value of R, that is permissible as a setting
on IMDs with variable response values.

4.4.2 System leakage capacitance C,

IMDs shall be capable of monitoring the insulation resistance Rg as specified in this standard
up to the system leakage capacitance C, for which they are designated by the manufacturer.
This includes symmetrical and asymmetrical distribution of the system leakage capacitance
Ce.
4.4.3 Relative percentage uncertainty A of the specified response value R,,

The maximum operating uncertainty of the specified response value R, of IMDs is expressed
by the relative percentage uncertainty A. The relative percentage uncertainty A of IMDs shall
be < + 15 % under reference conditions.

The reference conditions are:

operation temperature: -5 °C to +45 °C,

— at nominal voltage U, between 0 % to 115 %,

— at supply voltage Ug between 85 % and 110 %,

— at nominal frequency f,, of the nominal voltage,

— at system leakage capacitance C, of 1 pF.

If the response value is adjustable, the range of response values which are not within the
specified limits of relative uncertainty shall be marked for example by dots at the limits of the
range or the ranges. Information about the relative uncertainty within the working range
specified by the manufacturer, but for leakage capacitances above the rated values as well as

for frequencies below or above the nominal frequency or frequency range, shall be included in
the documentation.
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4.4.4 Response time ¢,,
The response time 7,, under reference conditions shall be as follows:

— =10 s for type AC IMD,
— <100 s for type AC/DC IMD and for type DC IMD.

The reference conditions are:

— operation temperature: -5 °C to +45 °C,

— at nominal voltage U, between 0 % to 115 %,

— at supply voltage Ug between 85 % and 110 %,

— at nominal frequency f,, of the nominal voltage U,
— at system leakage capacitance C, of 1 pF.

Information about the response time ¢,, over the range of system leakage capacitances Cg
and over the specified range of frequencies f,, shall be included in the documentation.

The system leakage capacitance C, of 1 uF represents a reference value for testing. In
addition, during the test of IMDs for higher system leakage capacitance C, the maximum
value of the system leakage capacitance C, specified by the manufacturer shall be tested.

The response time ¢,,, under reference conditions but with the maximum value of the system
leakage capacitance C, shall be as follows:

— < 30 min for all types of IMDs.
The reference conditions are:

— same reference conditions as for 1 uF,
— but with the maximum system leakage capacitance specified by the manufacturer instead
of 1 uF.

NOTE In IT systems, where the voltage is altered at low speed (e.g. converter systems with low speed control
procedures or d.c. motors with low speed variation), the response time 75, can depend on the lowest operational
frequency between the IT system and earth. These response times 5, can differ from the above-defined response
times t,.

an

4.4.5 Measuring voltage U, and measuring current I,

The peak value of the measuring voltage U,, and the peak value of the measuring current I,
shall not exceed the following values at 110 % of the nominal voltage U, and at 110 % of the
supply voltage Usq:

— The peak value of the measuring voltage U, shall not exceed 120 V at an infinite value of
the insulation resistance.

— The peak value of the measuring current I, shall not exceed 10 mA at a value of the
insulation resistance R = 0 Q.

This applies for all waveforms of the measuring voltage U,, and of the measuring current I
and for positive and negative values.

4.4.6 Internal d.c. resistance R; and internal impedance Z;

The internal d.c. resistance R; of the IMD shall be at least 30 Q/V of the nominal system
voltage, but shall have a minimum of 1,8 kQ. The internal impedance Z; of the IMD shall be at
least 30 Q/V of the nominal system voltage, but shall have a minimum of 15 kQ for type AC
and type AC/DC IMD.
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4.4.7 Indication of the value of the insulation resistance Rf

When IMDs include facilities for indicating the value of the insulation resistance Rg, the
relative percentage uncertainty of these facilities under rated operating conditions shall be
stated by the manufacturer.

4.4.8 Permanently admissible nominal voltage U,

The permanently admissible nominal voltage U,, shall be at least 110 % of the highest nominal
voltage U,,.

NOTE For some small specific systems 105 % of U, is sufficient.

The permanently admissible nominal voltage U, applies between the system connections of
the IMD and between the system connections and earth.

For type AC/DC IMDs the permanently admissible voltage includes a.c. voltages with
superimposed d.c. components and d.c. voltage with superimposed a.c. components.

If type AC IMDs and type AC/DC IMDs are applicable in IT systems with frequencies different
from main nominal frequency, the manufacturer shall provide information of the permanently
admissible system voltages at the relevant frequency range in the operating instructions.

4.4.9 Permanently admissible extraneous d.c. voltage Uy,

The peak value of the permanently admissible extraneous d.c. voltage Uj, shall be at least
115 % of the highest nominal a.c. voltage U,, for type AC/DC IMDs in a.c. Igl' systems and for
type AC/DC IMDs in d.c./a.c IT systems (not applicable in pure d.c. IT systems).

NOTE 1 For some small specific systems 105 % of Uy, is sufficient.

The manufacturer shall indicate Utg for type AC IMDs in the operating instructions including
the influence of Uy on the measurement.

NOTE 2 In pure a.c. IT systems, extraneous d.c. voltage can appear between the a.c. system and earth during
insulation faults inside of protection class | consumers when insulation faults behind galvanically connected
rectifiers occur (e.g. in switched-mode power supplies).

4.4.10 Supply voltage Us
For IMDs without separate supply connections where the supply voltage Ug 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 IMDs with separate connections for the supply voltage Ug, the manufacturer shall provide
information about the admissible range of supply voltage Ug.

4.5 Electromagnetic compatibility (EMC)

IMDs shall comply with the EMC requirements in accordance with IEC 61326-2-4.

4.6 Safety requirements
4.6.1 General

In addition to the safety requirements of IEC 61010-1 and IEC 61010-2-030 the following
safety requirements detailed in 4.6 to 4.8 apply.
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4.6.2 Clearances and creepage distances

IMDs shall have minimum clearances and creepage distances in accordance with
IEC 61010-1 and IEC 61010-2-030.

Clearances and creepage distances for fixed installed equipment according to Table 3 can be
dimensioned in accordance with the IEC 60664 series.

Clearances and creepage distances shall be selected for:

— overvoltage or measurement category Il or |l, depending on the overvoltage or
measurement category in the system to be monitored;

— pollution degree 2.

NOTE Pollution degree 3 can be used for accessible parts on the outside of the housing.

A division into circuits with different nominal insulation voltages is permissible in device
combinations for example for IT systems with nominal voltages U, higher than 1 000 V a.c.
and 1 500 V d.c., when the electrical connection is made via resistive, capacitive or inductive
voltage dividers and if, in the case of a fault, the occurrence of inadmissibly high touch
voltages or inadmissibly high currents to earth are prevented by circuit design features. Such
circuit design features (see IEC 61140) can be, for example, additionally provided in the form
of reliable voltage dividers or a duplication of the resistors (protective impedance) in the
voltage divider.

4.6.3 Protection class and earth connection of an IMD

IMDs shall provide protection class | or Il.

Contrary to IEC 61557-1, the earth connection of IMDs with protection class Il is a measuring
connection and can be treated as a functional earth connection (FE).

The functional earth connection (FE) can use protective impedance according to 6.5.4 of
IEC 61010-1:2010.

The protective conductor connection (PE) of a protection class | IMD shall be treated a as
protective earth connection.

4.7 Climatic environmental conditions
IMDs shall operate at least under the following climatic conditions:

— operation: class 3K5 according to IEC 60721-3-3 , -5 °C to +45 °C, except condensation
and formation of ice,

— transport: class 2K3 according to IEC 60721-3-2 , -25 °C to +70 °C,
— storage: class 1K4 according to IEC 60721-3-1, -25 °C to +55 °C.

4.8 Mechanical requirements
4.8.1 General

Instead of the requirements of 4.10 of IEC 61557-1:2007 the requirements of 4.8.2 and 4.8.3
apply.

4.8.2 Product mechanical robustness

Requirements of Table 2 shall be tested as type-tests.
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Mechanical robustness, in
operation test

Standard and level

Test parameters

Other information

Behaviour to vibrations

IEC 60068-2-6
Test Fc

2 Hz to 13,2 Hz- amplitude
+1 mm

13,2 Hz to 100 Hz -
acceleration £ 0,7g.

For severe vibration
conditions such as e.g.
diesel engines, air
compressors etc.:

2,0 Hz to 25,0 Hz -
amplitude + 1,6 mm

25,0 Hz to 100 Hz —
acceleration + 49

NOTE More severe
conditions may exist for
example on exhaust
manifolds of diesel engines
especially for medium and
high speed engines. Values
may be required to be in
these cases 40 Hz to

2 000 Hz — acceleration

+ 10,0 g at 600 °C,(duration
90 min)

Duration in case of no
resonance condition 90 min
at 30 Hz

Duration at each resonance
frequency at which Q 22 is
recorded— 90 min

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

Tests to be carried out in
three mutually
perpendicular planes

It is recommended as
guidance that Q does not
exceed 5

Where 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,
duration of the test is to be
120 min. Sweep over a
restricted frequency range
between 0,8 and 1,2 times
the critical frequencies can
be used where appropriate.

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

— malfunction and/or
performance deterioration

— mechanical resonances
and/or other response
effects occur, e.g. chatter

Behaviour to shocks

IEC 60068-2-27
Test Ea

10 gn/ 11 ms, 3 pulses

4.8.3

IP protection class requirements

The manufacturer shall document equipment IP protection class according to IEC 60529. The
minimum requirements are given in Table 3, which specifies minimum IP requirements for the
different kind IMD of housings:
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Table 3 — Minimum IP requirements for IMDs

-21 =

Kind of IMD Front panel Housing,
except front panel

Fixed installed IMD IP 40 IP 2X
panel mounted devices.
Fixed installed IMD IP 40 IP 2X
modular devices snapped on DIN
rails within distribution panel.
Fixed installed IMD IP 2X IP 2X
housing devices snapped on DIN
rails within distribution panel.
Portable IMD IP 40 IP 40

5 Marking and operating instructions

5.1 Marking

Different to the marking in Clause 5 of IEC 61557-1:2007, the following information shall be

provided on the IMD:

— type of IT system to be monitored (if the IMD is designed for a specific type of IT system);

or

— type of the IMD marked with a pictogram according to Table 4.
— nominal system voltage U, or range of the nominal voltage U,;

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

US;

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

the rated supply voltage Ug;

— the serial number on the outside of the device and, if this is not possible, inside the device.

— specified response value R,, or minimum and maximum specified response value R,,,.

Full document details: IEC 61557-8 2014
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Table 4 — Pictograms for marking the type of IMD

Type of IMD Corresponding pictogram

py
DC
AC/DC

DC IMD

AC/DC IMD

5.2 Operating instructions

The operating instructions shall include the following information in addition to the
requirements given in 5.2 of IEC 61557-1:2007:

internal impedance Z; of the measuring circuit as a function of the nominal frequency f,,,
— peak value of the measuring voltage U, in accordance with 4.4.5,

— internal d.c. resistance R; of the measuring circuit,

— maximum value of the measuring current I, in accordance with 4.4.5,

— for IMDs with remote insulation warning (RIW): technical data of the interface for the
connection of an external warning device including rated voltage and current, rated
insulation voltage and explanation of the interface function. For contact circuits, data shall
reference to IEC 61810-2 or IEC 60947-5-1 and IEC 60947-5-4.

— information that insulation monitoring devices shall not be connected in parallel (e.g. when
systems are coupled) or, if necessary, information on the interaction between IMDs when
they are connected in parallel:

— wiring diagram when this is not marked on the devices in accordance with 5.1,

— information relating to the effects of the system leakage capacitances C, on the response
value and the response time and the permissible maximum value of the system leakage
capacitance,

— extraneous d.c. voltage (Ufg) of any polarity that can be applied continuously to the
insulation monitoring device without damaging it,
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— test voltage according to 6.2.13,
— conformity to the relevant EMC standards,

— the range of specified response values where the relative percentage uncertainty is higher
than that required in 4.4.3, if applicable,

— IP protection class according to 4.8.3,

— when IMDs include facilities for indicating the value of the insulation resistance Ry, the
relative percentage uncertainty shall be stated by the manufacturer according to 4.4.7.

6 Tests

6.1 General

The tests according to Clause 6 of IEC 61557-1:2007 and the tests detailed in 6.2 and 6.3
shall be performed.

6.2 Type tests
6.2.1 General

Operation within the climatic environmental conditions according to Table 5 and Table 6 shall

be verified.
Table 5 — Reference conditions for tests in operation
Climatic characteristics Basic Level / Test specification
standard Class
In operation tests
Exposed to the cold IEC 60068-2-1 Ad —-5° C; 96 h; insulation tests
Exposed to dry heat IEC 60068-2-2 Bd +45° C; 96 h; insulation tests

Table 6 — Reference conditions for storage tests (product not powered)

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 values

Response values shall be tested at the lowest and at the highest value of the specified
nominal voltage U, and of the rated supply voltage Ug.

For this test the insulation resistance Rg shall be simulated as follows:

— single pole (from each phase of U, in turn to earth);
— symmetrically (same resistor from all phases of U, to earth).

For the different IMD types, the insulation resistance Rg shall be simulated as follows:

— for type AC IMDs: from the a.c. conductors to earth,

— for type AC/DC IMDs: from the a.c. conductors and from the d.c. conductors to earth in
turn,

— for type DC IMDs: from the d.c. conductors to earth in turn.
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The test set-up shall be able to accommodate slow, continuous or fine step changes in the
simulated insulation resistance Rg as well as an additional connection of symmetrical leakage
capacitances. Capacitors with a tolerance limit of 10 % maximum shall be used for simulating
system leakage capacitances Cg. The insulation resistance Rg of the capacitances shall not
negatively influence the measurement. During testing, the test resistance shall be reduced
slowly, starting from high values, while observing the operation of the insulation monitoring
device. The insulation resistances Rg and intrinsic leakage capacitances presented by the test
circuit shall be taken into account when determining the response value.

When the IMD is provided with a continuously variable specified response value, or digital
setting without mechanical switches, the compliance with the requirements of 4.4.2, 4.4.3 and
4.4.4 shall be tested at a minimum of five points of the setting range. This test shall be
performed at the end points as well as at approximately evenly distributed points in the setting
range. This also applies to setting facilities without a switch.

If the specified response value can be set by means of a mechanical switch, each step shall
be tested. The initial test shall be performed without any system leakage capacitances in
circuit whilst the test resistance is reduced so slowly that the steady-state response value can
be found.

If the measuring method is affected by the magnitude of the system leakage capacitance C,,
a test shall be carried out by means of an insertion of capacitors, in steps, to determine
whether the limits of 4.4.3 are met over the range of system leakage capacitance stated by
the manufacturer. The relative percentage uncertainty shall be determined.

The insulation warning functions according to 4.2.2 shall be tested.

6.2.3 Test of response time ¢,,

The following tests shall be performed:

With a symmetrical system leakage capacitance C, of 1 uF and at the nominal system voltage
U,, the insulation resistance Rg shall be suddenly reduced from nearly infinity to 50 % of the
minimum response value R,,, and the delay to the operation of the insulation warning shall be
measured. The compliance with the requirements of 4.4.4 shall be tested.

For system leakage capacitances above 1 pF, the same test shall be performed, but with the
maximum system leakage capacitance which is specified by the manufacturer.

6.2.4 Test of peak value of the measuring voltage U,

A peak voltage measurement shall be used to test whether the requirements given in 4.4.5
are met. The internal resistance of the voltage measuring instrument shall be at least 20 times
the internal d.c. resistance R; of the IMD measuring circuit.

The uncertainty of the voltage measuring instrument shall not exceed 5 % under reference
conditions.

6.2.5 Test of the peak value of the measuring current I,

A peak current measurement shall be used to test whether the requirements given for the
measuring current in 4.4.5 are met. The current measuring instrument shall have an internal
resistance below 5 % of the internal resistance R; of the insulation monitoring device (IMD).
The uncertainty of the current measuring instrument shall not exceed 5 % under reference
conditions.
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6.2.6 Test of internal d.c. resistance R; and internal impedance Z;
6.2.6.1 General

The following tests shall be used to test whether the requirements given in 4.4.6 are met.
These tests shall be performed with or without rated supply voltage Ug and an appropriate
measuring voltage shall be applied between the interconnected system terminals and the
earth terminal. The uncertainty limit of the measuring devices shall not exceed 5 % under
reference conditions.

6.2.6.2 Test of internal impedance Z;

For determining the internal impedance Z; in accordance with 4.4.6, an impedance measuring
voltage source with nominal system voltage U, shall be used. The frequency of the measuring
voltage source shall be identical to the nominal system frequency f,,; the distortion factor shall
be below 5 %. The internal resistance of the measuring instrument shall be below 10 Q. For
IMD with a designated range of nominal frequencies f,, the internal impedance Z; shall be
measured at the lowest and at the highest nominal frequency f,,.

The internal impedance Z; shall be calculated from the peak-to-peak value Iop of the resulting
current by using the following equation:

24/2-
Zi: fUn

pp

6.2.6.3 Test of internal d.c. resistance R;

For determining the internal d.c. resistance R; in accordance with 4.4.6, the d.c. voltage shall
have a magnitude in the order of the nominal system voltage U,, but shall not exceed the
permissible maximum extraneous d.c. voltage Utg- The internal resistance R; of the measuring
voltage source shall be below 10 Q.

The internal d.c. resistance R; is calculated from the resulting current I by using the following
equation:

U,
Rl = In

( n SUfg)

6.2.7 Test of facilities for indicating the insulation resistance Rf

When IMDs are fitted with facilities for indicating the values of the insulation resistance Rg, a
test shall be carried out to check whether the relative percentage uncertainty limits stated by
the manufacturer in accordance with 4.4.7 are met.

6.2.8 Test of effectiveness of the test device

The internal test function and the external test function, if provided, shall be tested for correct
operation and compliance with the requirements given in 4.2.3.

6.2.9 Test of permanently admissible nominal voltage U,

The requirements of 4.4.8 shall be tested.

6.2.10 Test of permanently admissible extraneous d.c. voltage Uz

The requirements of 4.4.9 shall be tested for type AC IMDs.
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6.2.11 Test of supply voltage Us

The requirements of 4.4.10 shall be tested.

6.2.12 Test of optional functions

If provided the additional optional functions of the IMD shall be tested.

6.2.12.1 Test of the performance of the remote enabling/disabling command (REDC)
The requirements of 4.3.4 shall be validated by the following tests:

— interconnect two different IT systems with two IMD one at each system,
— simulate an insulation resistance R at the interconnected IT system.

One or all of the IMDs shall respond as specified. None of the IMDs shall erroneously respond.

6.2.12.2 Test of the local transformer monitoring warning (LTMW)
The requirements of 4.3.2 shall be validated by the following tests:

— simulate overload current of the transformer,

— simulate over-temperature of the transformer.

The local transformer warning function shall respond as specified.

6.2.12.3 Test of the remote transformer monitoring warning (RTMW)
The requirements of 4.3.3 shall be validated by the following tests:

— simulate overload current of the transformer,

— simulate over-temperature of the transformer.

The remote transformer warning function shall respond as specified.

6.2.13 Voltage tests

The voltage tests of insulation monitoring devices shall be performed in accordance with
Annex F of IEC 61010-1:2010 taking into account the requirements of 4.6.

6.2.14 Test of electromagnetic compatibility (EMC)

The EMC tests shall be performed in accordance with 4.5.

6.2.15 Inspection of the marking and operating instructions

The requirements of Clause 5 shall be checked.

6.2.16 Mechanical tests
6.2.16.1 Shock and vibration test

Shock and vibration tests shall be performed to verify the requirements of 4.8.2.

6.2.16.2 Test of the IP requirements

The requirements of 4.8.3 shall be verified by visual inspection.
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6.3 Routine tests
6.3.1 General

Routine tests shall be performed on each IMD.

If by technical failure analysis and/or statistical analysis during the series production a low
failure rate can be verified, routine tests can be limited to sampling tests instead of full
production tests. All routine tests should be carried out either during the manufacturing
process or at the end.

6.3.2 Test of response values

Routine tests of the relative percentage uncertainty of the response values shall be performed.

In this test the following conditions apply:

— room temperature (23 + 3) °C at 1,0 times U, and 1,0 times Ug or the lowest and highest
rated value of U,, and Ug for a device with several rated voltages or with a range of rated
voltages;

— at a minimum of three settings including the minimum, the maximum and at a point in the
center of the setting of the response sensitivity for devices with continuously adjustable
response sensitivity;

— at each step for devices with stepwise adjustment of the response sensitivity.

During this test, the limits shall be reduced to such a degree that the requirements are met.
The insulation warning function according to 4.2.2.2 and 4.2.2.3 shall be tested.

6.3.3 Test of effectiveness of the test function

The internal test device and the external test device, if provided, shall be tested for correct
operation and compliance with the requirements.

6.3.4 Test of facility for indicating the insulation resistance Rf

When, in accordance with 4.4.7, the IMD comprises facilities for indicating the insulation
resistance Rg, a test shall be carried out to determine if the relative percentage uncertainty
limits stated by the manufacturer are met.

6.3.5 Voltage tests

Voltage tests for IMDs shall be performed in accordance with Annex F of IEC 61010-1:2010
under consideration of 4.6.2.

6.3.6 Compliance with tests of 6.3

The compliance with the tests of 6.3 should be recorded.

7 Overview of requirements and tests for IMDs

Table 7 gives an overview of the requirements and tests that shall be performed for IMDs.
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Characteristics Requirements Type tests Routine tests
Types of IMD 4.2 6.2 Not applicable
Specified response values Ry, 4.41 6.2.2 6.3.2
System leakage capacitance Cg 4.4.2 6.2.2,6.2.3 Not applicable
Insulation warning function 4.2.2 6.2.2 6.3.2
Test function 4.2.3 6.2.8 6.3.3
Relative percentage uncertainty 4.4.3 6.2.7 Not applicable
Response time f5, 4.4.4 6.2.3 Not applicable
Measuring voltage U, and measuring 6.2.4 Not applicable
current I, 4.4.5 625
iIrr]lqt;;;r:jaalnI;:eesiZsitance R; and internal 446 6.2.6 Not applicable
ng:g?;i]ocneo;;he value of the insulation 447 6.2.7 6.3.4
Permanently admissible nominal voltage Uy, 4.4.8 6.2.9 Not applicable
Scizgggezjr;gy admissible extraneous d.c. 449 6.2.10 Not applicable
Supply voltage Ug 4.4.10 6.2.11 Not applicable
Protection class and PE connection 4.6.3 Not applicable Not applicable
Optional functions provided by IMD 4.3 6.2.12 Not applicable
Clearance and creepage distances 4.6.2 6.2.13 6.3.5
EMC 4.5 6.2.14 Not applicable
Climatic environmental conditions 4.7 6.1, 6.2 Not applicable
Mechanical requirements 4.8 6.2.16 Not applicable
Marking and operating instructions Clause 5 6.2.15 Not applicable
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