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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -
Part 13: Stand-alone merging unit (SAMU)

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 61869-13 has been prepared by IEC technical committee 38:
Instrument transformers.

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

FDIS Report on voting
38/634/FDIS 38/640/RVD

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

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

A list of all parts in the IEC 61869 series, published under the general title Instrument
transformers, can be found on the IEC website.
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This Part 13 is to be used in conjunction with IEC 61869-9:2016, Digital interface for instrument
transformers, and IEC 61869-6:2016, Additional general requirements for low-power instrument
transformers, which, in turn, are based on IEC 61869-1:2007, General requirements.

This Part 13 follows the structure of IEC 61869-1:2007 and IEC 61869-6:2016 and supplements
or modifies their corresponding clauses.

When a particular clause/subclause of Part 1 or Part 6 is not mentioned in this Part 13, that
subclause applies. When this document states "addition", "modification" or "replacement”, the
relevant text in Part 1 or Part 6 is to be adapted accordingly.

For additional clauses, subclauses, figures, tables, annexes or note, the following numbering
system is used:

— clauses, subclauses, tables, figures and notes that are numbered starting from 1301 are
additional to those in Part 1 and Part 6;

— additional annexes are lettered 13A, 13B, etc.

An overview of the planned set of standards at the date of publication of this document is given
below. The updated list of standards issued by IEC TC 38 is available at the website:
www.iec.ch.
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PRODUCT FAMILY STANDARDS | PRODUCT PRODUCTS oLD
IEC STANDARD STANDARD
IEC IEC
61869-1 61869-2 ADDITIONAL REQUIREMENTS FOR 60044-1
GENERAL CURRENT TRANSFORMERS 60044-6
REQUIREMENTS 61869-3 ADDITIONAL REQUIREMENTS FOR 60044-2
FOR INDUCTIVE VOLTAGE TRANSFORMERS
INSTRUMENT
TRANSFORMERS 61869-4 ADDITIONAL REQUIREMENTS FOR 60044-3
COMBINED TRANSFORMERS
61869-5 ADDITIONAL REQUIREMENTS FOR 60044-5
CAPACITOR VOLTAGE TRANSFORMERS
61869-6 61869-7 ADDITIONAL REQUIREMENTS FOR 60044-7
ELECTRONIC VOLTAGE
ADDITIONAL TRANSFORMERS
GENERAL
REQUIREMENTS | 61869-8 ADDITIONAL REQUIREMENTS FOR 60044-8
FOR LOW-POWER ELECTRONIC CURRENT
INSTRUMENT TRANSFORMERS
TRANSFORMERS
61869-9 DIGITAL INTERFACE FOR INSTRUMENT
TRANSFORMERS
61869-10 | ADDITIONAL REQUIREMENTS FOR
LOW-POWER PASSIVE CURRENT
TRANSFORMERS
61869-11 | ADDITIONAL REQUIREMENTS FOR 60044-7
LOW-POWER PASSIVE VOLTAGE
TRANSFORMERS
61869-12 | ADDITIONAL REQUIREMENTS FOR
COMBINED ELECTRONIC INSTRUMENT
TRANSFORMERS AND COMBINED
STAND-ALONE SENSORS
61869-13 | STAND-ALONE MERGING UNIT
61869-14 | ADDITIONAL REQUIREMENTS FOR
CURRENT TRANSFORMERS FOR DC
APPLICATIONS
61869-15 | ADDITIONAL REQUIREMENTS FOR
VOLTAGE TRANSFORMERS FOR DC
APPLICATIONS

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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.

Full document details: IEC 61869-13-2021
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INTRODUCTION

General

This document is an IEC 61869 series product standard which defines additional requirements
for a stand-alone merging unit (SAMU).

The general block diagram showing a typical SAMU application example is given in Figure 1301.

Primary currents and voltages la Ib [ In

Va Vb Ve Vn
PN \l
Instrument transformers | I | | |
Secondary currents and voltages

Stand-Alone Merging Unit
SAMU

Digital output per IEC 61850-9-2
Auxiliary power supply and IEC 61869-9 Time synchronization
—>

IEC
Figure 1301 — Stand-alone merging unit (functional concept example)

An application example showing a three-phase dead tank circuit breaker equipped with bushing
type current transformers and a stand-alone merging unit mounted inside the breaker control
cabinet is shown in Figure 1302.

_| S@nd- | pigital
alone
: output g
] merging >
unit
(SAMU)

Synchronizing
signal

D D IEC

Figure 1302 — Stand-alone merging unit application example

The SAMU output may be used by many devices and is therefore of interest to muItipBBE&[‘]’fﬂents
nt an

committees in addition to TC 38, for example: TC 57: Power systems manhageme
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associated information exchange, TC 95: Measuring relays and protection equipment, TC 13:
Electrical energy measurement and control, TC 85: Measuring equipment for electrical and
electromagnetic quantities, and TC 17: High-voltage switchgear and controlgear, as shown in

Figure 1303.
Communication network bigital
. igita

- IEC 61850 series <>l interface |
5 »| |[EC 61869-2, > IEC 62271-3 5
£ 3,4,5 sl;llegu e s
= S o 3
o LPIT 61869-13 E 2 Protection IED »l 2
g > |[EC 61869-10, —p» E * Binary input P ©
< 11,12 £S5 | ™™ —> IEC 60255 [ nig and <
& 2w : output —
» o= series
g = |E§I:f;;%n;cg12 IEC 62271
<) b series
o

IEC 61869 series

Metering IED
> IEC 62052 >
IEC 62053
IEC

Figure 1303 — lllustration of the SAMU position in relation
to other devices and standards in the functional chain

Position of this document in relation to IEC 61850 (all parts) of TC 57

IEC 61850 (all parts) is a series used to define various aspects of power utility communications.
Its applicability to this document is inherited through IEC 61869-9 which defines applicable
sample rates and a digital interface in accordance with IEC 61850-9-2 and related standards.

Position of this document in relation to IEC 60255 (all parts) of TC 95

IEC 60255 (all parts) standardizes the design and performance aspects applicable to measuring
relays and protection equipment used in the various fields of electrical engineering. Since the
SAMU is an integral part of the digital substation-based protection system, its EMC performance
and environmental aspects are considered for harmonization with IEC 60255-1, IEC 60255-26
and safety aspects defined in IEC 60255-27. SAMU outputs are inputs for protection functions
covered by the IEC 60255-1xx series.

Position of this document in relation to IEC 62052 (all parts) and IEC 62053 (all parts) of
TC 13

IEC 62052 (all parts) and IEC 62053 (all parts) provide standardization in the field of AC and
DC electrical energy measurement and control. Since the SAMU digital output may be used as
input to energy measurement devices, its accuracy and EMC performance aspects should be
considered.

Position of this document in relation to IEC 62271 (all parts) of TC 17

IEC 62271 (all parts) applies to AC switchgear and controlgear designed for indoor and/or
outdoor installation and for operation at service frequencies up to and including 60 Hz on
systems having rated voltages above 1 000 V. Similar to IEC 62271-3 which defines the
switchgear interface based on IEC 61850, this document defines the SAMU which may be
installed inside the same switchgear cabinet and is therefore subject to the same environmental
stress.
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INSTRUMENT TRANSFORMERS -

Part 13: Stand-alone merging unit (SAMU)

1 Scope
Clause 1 of IEC 61869-1:2007 is replaced by the following:

This part of IEC 61869 is a product standard and covers only additional requirements for stand-
alone merging units (SAMUs) used for AC applications having rated frequencies from 15 Hz to
100 Hz. The digital output format specification is not covered by this document; it is
standardized in IEC 61869-9 as an application of IEC 61850, which specifies the power utility
communication architecture.

This document covers SAMUs having standardized analogue inputs (for example: 1 A, 5 A,
3,25V /N3 or 100 V / V3) provided by instrument transformers compliant with relevant product
standards (e.g. IEC 61869-2 to IEC 61869-5, IEC 61869-7, IEC 61869-8, IEC 61869-10,
IEC 61869-11, IEC 60044-1 to IEC 60044-6, IEC 60185, IEC 60186, IEEE C57.13), and aims
to convert them to the digital output compliant with IEC 61869-9. Other input and output types
are outside the scope of this document. Appropriate SAMU functionality can be combined with
switchgear controller functionality defined in IEC 62271-3 or other IED functionality defined in
IEC 60255 (all parts).

Cyber security requirements are outside the scope of this document and are covered by the
IEC 62351 series.

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.

Clause 2 of IEC 61869-1:2007 is applicable with the following additions:
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 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 + 12 h cycle)

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

IEC 60255-27:2013, Measuring relays and protection equipment — Part 27: Product safety
requirements

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage suppl -
Part 1: Principles, requirements and tests yﬁ@&ﬂh’lents
Document Sharing Hub
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IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
IEC 61000-4-3:2006/AMD1:2007
IEC 61000-4-3:2006/AMD2:2010

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques — Surge immunity test

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) — Part 4-8 Testing and measurement
techniques — Power frequency magnetic field immunity test

IEC 61000-4-9:2016, Electromagnetic compatibility (EMC) — Part 4-9 Testing and measurement
techniques — Impulse magnetic field immunity test

IEC 61000-4-10:2016, Electromagnetic compatibility (EMC) - Part4-10 Testing and
measurement techniques — Damped oscillatory magnetic field immunity test

IEC 61000-4-11:2020, Electromagnetic compatibility (EMC) - Part 4-11 Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tests for equipment with input current up to 16 A per phase

IEC 61000-4-13, Electromagnetic compatibility (EMC) — Part 4-13: Testing and measurement
techniques — Harmonics and interharmonics including mains signalling at a.c. power port, low
frequency immunity tests

IEC 61000-4-16:2015, Electromagnetic compatibility (EMC) - Part4-16 Testing and
measurement techniques — Test for immunity to conducted, common mode disturbances in the
frequency range 0 Hz to 150 kHz

IEC 61000-4-17:1999, Electromagnetic compatibility (EMC) - Part 4-17: Testing and
measurement techniques — Ripple on d.c. input power port immunity test
IEC 61000-4-17:1999/AMD1:2001
IEC 61000-4-17:1999/AMD1:2008

IEC 61000-4-18:2006, Electromagnetic compatibility (EMC) - Part4-18 Testing and
measurement techniques - Damped oscillatory wave immunity test,
IEC 61000-4-18:2006/AMD1:2010

IEC 61000-4-29:2000, Electromagnetic compatibility (EMC) - Part 4-29 Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations on d.c. input
power port immunity tests

IEC 61850-7-4, Communication networks and systems for power utility automation — Part 7-4:
Basic communication structure — Compatible logical node classes and data object classes

IEC 61869-1:2007, Instrument transformers — Part 1. General requirements
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IEC 61869-2:2012, Instrument transformers — Part 2: Additional requirements for current
transformers

IEC 61869-6:2016, Instrument transformers — Part 6: Additional general requirements for low-
power instrument transformers

IEC 61869-9:2016, Instrument transformers — Part9: Digital interface for instrument
transformers

IEC 61869-10:2017, Instrument transformers — Part 10: Additional requirements for low-power
passive current transformers

IEC 61869-11:2017, Instrument transformers — Part 11: Additional requirements for low-power
passive voltage transformers

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

CISPR 32:2015, Electromagnetic compatibility of multimedia equipment — Emission
requirements
CISPR 32:2015/AMD1:2019

3 Terms and definitions

Clause 3 of |IEC 61869-1:2007, Clause3 of IEC 61869-6:2016 and Clause 3 of
IEC 61869-9:2016 apply, with the following additions:

3.1 General terms and definitions

3.1.1301

port

access to a device or network where electromagnetic energy or signals may be supplied or
received or where the device or network variables may be observed or measured

EXAMPLE Auxiliary power supply terminals.

[SOURCE: IEC 60050-131:2002, 131-12-60, modified — Added example, deleted note.]

3.1.1302

digital channel

channel

digital representation describing a single measurement quantity

EXAMPLE Phase current, phase voltage.

Note 1 to entry: Channels are individually rated and may contain a mathematical combination of multiple inputs
(e.g. calculated neutral current).

Note 2 to entry: Multiple channels are grouped into a single stream and presented at the device digital output.

3.1.1303

digital stream

stream

group of channels brought together into a single digital message

Note 1 to entry: All channels in the stream share a common time stamp and a common sample rate in accordance
with IEC 61869-9.
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3.1.1304
channel group
set of channels with a common specification

Note 1 to entry: For example, set of three phase voltages or currents. All channels in the group share the same set
of rating plate specifications. If the neutral voltage or current channel shares the same specification as the individual
phases, then it is included in the same group.

3.1.1305

analogue input

device input intended to be fed by the secondary circuit of an instrument transformer with
analogue secondary signal

3.2 Terms and definitions related to dielectric ratings and voltages

3.2.1301

rated input voltage
Y
RMS value of the voltage on which the performance of a device voltage input is based

Note 1 to entry: This value may be defined as a range.

3.2.1302

rated voltage factor

Fy

multiplying factor to be applied to the rated primary voltage to determine the maximum voltage
at which a transformer must comply with the relevant thermal requirements for a specified time
and with the relevant accuracy requirements

Note 1 to entry: For SAMUs, the term primary voltage is understood as the input voltage.

[SOURCE: IEC 60050-321:1986, 321-03-12, modified — The symbol and the note have been
added.]

3.2.1303

rated insulation voltage

RMS withstand voltage value assigned by the manufacturer to the equipment or to a part of it,
characterizing the specified (long-term) withstand capability of its insulation

Note 1 to entry: The rated insulation voltage is not necessarily equal to the rated voltage of equipment which is
primarily related to functional performance.

[SOURCE: IEC 60050-312:2014, 312-06-02, modified — Deleted "rated value of the" and the
word "value" added.]

3.3 Terms and definitions related to current ratings

3.3.1301
rated primary current

Iy

RMS value of the primary current on which the performance of the instrument transformer is
based

Note 1 to entry: A SAMU is not connected to the power system primary. For SAMUs, the term rated primary current
is interpreted as rated input current.

3.3.1302

rated short-circuit current

Ipsc

RMS value of the AC component of a transient current on which the accuracy perfgrmance of

the device is based ocuments
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Note 1 to entry: While 1, is related to the thermal limit, Tose is related to the accuracy limit. Usually, Tose is smaller

than 7.
For current transformers rated short-circuit current is applicable to the primary winding. In the case

Note 2 to entry:
of SAMUs, the rated short-circuit current is applicable to the current input.

3.3.1303
rated symmetrical short-circuit current factor

KSSC
ratio of the rated short-circuit current to the rated primary current

Note 1 to entry: SAMU inputs are not connected to the power system primary. Rated primary current in the case of

SAMUs is interpreted as the rated input current.

3.4 Terms and definitions related to accuracy

3.4.1301
specified input current time constant

Ty
specified value of the time constant of the DC component of the rated short-circuit current Ipgc
on which the transient performance of the device is based

Note 1 to entry: T is typically a result of the power system primary time constant 7, combined with the CT secondary
loop time constant 7 (both are defined in IEC 61869-2). An example is shown in Figure 1304. 7 is used to specify

the dynamic response performance.

;A
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t
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Figure 1304 - Specified input current time constant T

3.4.1302
input filter time constant

Tsec
value of the device AC coupled input circuit high-pass filter cut-off frequency f reported in the

form of a time constant
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1
2a,

Tsec =

Note 1 to entry: For device inputs built using auxiliary current transformers, 7, is equal to the auxiliary transformer
secondary loop time constant.

3.4.1303
measuring class dynamic range upper limit factor

Imax
ratio of the maximum input current to the rated input current defining the range over which the
stated accuracy applies

Note 1 to entry: This factor is expressed in per cent of rated current.

3.4.1304
measuring class dynamic range lower limit factor
Irmin
ratio of the minimum input current to the rated input current defining the range over which the
stated accuracy applies

Note 1 to entry: This factor is expressed in per cent of rated current.

3.4.1305

clipping

form of limiting in which all the instantaneous values of a signal exceeding a predetermined
threshold value are reduced to values close to that of the threshold, all other instantaneous
values of the signal being preserved

[SOURCE: IEC 60050-702:1992, 702-04-33]

3.7 Index of abbreviations and symbols

Subclause 3.7 of IEC 61869-6:2016 is applicable with the following additions:

Ior rated primary current

Ui, rated input voltage

Fy rated voltage factor
Imax | Measuring class dynamic range upper limit factor
Imin | Measuring class dynamic range lower limit factor

Kggc | rated symmetrical short-circuit-current factor

T specified input current time constant
Tsec input filter time constant
DR dynamic range

PEB protection by equipotential bonding

4 Normal and special service conditions

4.3 Special service conditions
4.3.3 Ambient temperature

Subclause 4.3.3 of IEC 61869-1:2007 is applicable with the following addition:
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For a SAMU mounted inside an outdoor cabinet, the maximum temperature for very hot climates
shall be increased to +55 °C. In the most demanding applications, temperatures up to +70 °C
may be specified.

5 Ratings

5.3 Rated insulation levels
5.3.2 Rated primary terminal insulation level

Subclause 5.3.2 of IEC 61869-1:2007 is not applicable because a SAMU does not have
high-voltage primary terminals. Insulation requirements for analogue inputs connected to
instrument transformer secondary circuits are given in 5.3.1301.

5.3.3 Other requirements for primary terminals insulation

Subclause 5.3.3 of IEC 61869-1:2007 is not applicable because a SAMU does not have
high-voltage primary terminals.

5.3.4 Between-section insulation requirements

Subclause 5.3.4 of IEC 61869-1:2007 is not applicable because a SAMU does not have
high-voltage primary terminals.

5.3.5 Insulation requirements for secondary terminals

Subclause 5.3.5 of IEC 61869-6:2016 and of IEC 61869-1:2007 is not applicable because a
SAMU does not have high-voltage instrument transformer secondary terminals.

The SAMU output is Ethernet based and in case of optical implementation does not have
insulation requirements. In case galvanic interface is used (e.g. RJ45 based communication
port), insulation requirements shall be in accordance with IEC 60255-27. It is recommended not
to use galvanic interface. When present, the galvanic interface shall not be used for distances
above 10 m.

5.3.1301 Insulation requirements for inputs from instrument transformers

Analogue inputs connected to instrument transformer secondary circuits shall be rated for a
minimum working voltage of 300 V, pollution degree 2, overvoltage category lll, in accordance
with IEC 60664-1.

When overvoltage above category Il is expected (e.g., gas insulated substation installations
and direct connection to low-voltage mains systems), overvoltage category IV should be
considered in accordance with IEC 60664-1:2020, Annex B. See Annex 13B for GIS switching
and lightning surge voltages examples.

Minimum insulation requirements for analogue input terminals are summarized in Table 1301.
Requirements apply from the input terminals to any grounded part, and between independent
circuit terminals. Insulation voltage rating also depends on the circuit configuration (e.g.
insulation voltage for analogue inputs connected to open delta VT circuits is multiplied by a
square root of three).
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Table 1301 — Insulation requirements for analogue inputs

Overvoltage Insulation type Rated insulation Power-frequency Impulse-voltage
category voltage voltage withstand withstand capability
(RMS or DC) capability (1 min) (1,2/50 ps)
I Basic insulation 300 V 2,2 kV 4 kV
Il Basic insulation 600 V 3,25 kV 6 kV
v Basic insulation 300V 2,2 kV 6 kV
v Basic insulation 600 V 3,25 kV 8 kV

Table 1301 requirements assume that the protection from electrical shock is implemented using
basic insulation plus grounding. Use of double or reinforced insulation may also be applicable,
in accordance with IEC 60664-1.

See Annex 13C, Clause 13C.5 for low-power instrument transformer input requirements. For
other inputs and outputs, related to possible addition of embedded functions, insulation
requirements and tests shall follow the applicable product standards (e.g. IEC 60255 series).

5.5 Rated output
Subclause 5.5 of IEC 61869-6:2016 and of IEC 61869-1:2007 is not applicable.

5.6 Rated accuracy class

Subclause 5.6 of IEC 61869-6:2016 is applicable with the following additions:

Accuracy classes for SAMU instrument transformer channels are given in 5.6.1301 and
5.6.1302. Accuracy class specifications apply between the device analogue input terminals and
the digital output quantity contained in the corresponding digital stream. SAMU accuracy class
specifications include all errors introduced by the device and apply throughout the ambient
temperature range stated on the device rating plate. When protection rated channels are
present, the manufacturer shall declare separate temperature ranges for measurement
channels and protection channels.

Channels with common function shall have a common accuracy class designation (for example
set of three phase voltages or currents). For this purpose, channels are arranged in channel
groups and listed jointly on the device rating plate (see 6.13.1302).

SAMU output is expressed in Sl units (V, A) and represents the power system primary quantities
as specified in IEC 61869-9. To accomplish this task, the SAMU shall support settings for the
external instrument transformer ratio (see 5.6.1305).

SAMU accuracy specifications directly incorporate all errors associated with time
synchronization. Time synchronization requirements are described in IEC 61869-9:2016, 6.904.

With regards to accuracy classes, SAMU current channels shall be classified as:

e measuring channels,

e protection channels.

In accordance with IEC 61869-9, all protection-capable current channels shall be specified with
dual accuracy class ratings. Dual rating is intended to document the measuring and protection
accuracy class applicable to a given current channel. Dual rating means that protection rated
current channels shall also meet all measuring specifications including the frequency response
defined in IEC 61869-6:2016, Table 6A.2 and the anti-aliasing requirements specified in
IEC 61869-6:2016, Clause 6A.1. Measuring accuracy classes 3 and 5 are not allcntigdrutﬁqents
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SAMU. Output current channels rated for quality metering shall meet the frequency response
specified in IEC 61869-6:2016, Clause 6A.3.

The SAMU protection channel accuracy designation shall be given as a slash "/" symbol
separated pair in accordance with IEC 61869-9:2016, 5.6.

EXAMPLE 0,2/10TPM means 0,2 % measuring accuracy and protection class 10TPM.

SAMU voltage channels can be used for both protection and metering, making it unnecessary
to have dual designation. Voltage channel suitability for protection is accomplished by selecting
the appropriate input voltage factor defined in 5.6.1302. Voltage channel frequency response
shall be consistent with current channels and is defined in IEC 61869-6:2016, Table 6A.2 with
the anti-aliasing requirements specified in IEC 61869-6:2016, Clause 6A.1.

EXAMPLE 0,5 means 0,5 % accuracy class.
5.6.1301 Accuracy requirements for SAMU channels

5.6.1301.1 Standard accuracy classes for SAMU current channels measuring accuracy
class designation

The standard accuracy classes for SAMU current channels measuring accuracy designation
are:

0,06-0,1-0,2-0,5-1

Accuracy class 0,05 is introduced in support of the most precise current transformer accuracy
classes 0,1 and 0,2. See Annex 13A for details regarding combination of accuracy classes.
Accuracy class 0,05 anti-aliasing filter attenuation shall be greater than or equal to 40 dB (new
value addition to IEC 61869-6:2016, Table 6A.1). Errors defined in IEC 61869-6:2016,
Table 6A.2 are extended as shown in Table 1302. Ratio and phase errors at harmonic
frequencies shall be one half of the values specified for the class 0,1 in IEC 61869-6:2016,
Table 6A.3 and Table 6A.4.

Table 1302 — Measuring accuracy class 0,05

Phase
displa-
Accurac Phase error (%) at
dree & Ratio error Ratio error () ferr:elnt FELmERES
(at £) at low frequency at harmonics f(r-e)qaue:::(
Degrees Degrees
0 Hz 1Hz | 2ndto | 5th | 7thto | 10t to | Above 1 Hz 2"t | 5thand | 7™ to | 10t
4th and gth 13th 13th 4th 6th gth to
6th 13th
0,05 +0,5% [+0,5% [05% | 1% | 2% 4% +4 % 45 0,5 1 2 4
-100 % | -30 % -100 %
NOTE 0 Hz in the first column means DC coupling is allowed but not required.

To allow SAMU use in electrical energy measurement and control applications, accuracy class
designation shall include additional dynamic range specification (DR) clearly stating the range
of currents (Klmin and Klmax) over which the stated accuracy applies. K . and K,  are

expressed in per cent of the rated input current.
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Measuring accuracy class designation shall be stated using the following format:

classDR k, - &,

EXAMPLE 0,2DR1-200 means 0,2 % accuracy maintained from 1 % to 200 % of the rated input current.

Limits of ratio error and phase error for current inputs with measuring accuracy designation are
given in Table 1303.

Table 1303 — Limits of current error and phase error for
SAMU measuring accuracy current channels

Accuracy Current ratio error Phase error
class +% + minutes
at % of rated current at % of rated current
Ioin 14 Ky 100 Ky K . 14 Iomin 100 Imax

0,05 0,1 0,05 0,05 0,05 5 2,5 2,5 2,5
0,1 0,2 0,1 0,1 0,1 10 5 5 5
0,2 0,4 0,2 0,2 0,2 20 10 10 10
0,5 1 0,5 0,5 0,5 60 30 30 30
1 2 1,0 1,0 1,0 120 60 60 60

NOTE Calculations of sequence components, impedance and power are affected by the accuracy class and the
inter-channel error. Appropriate accuracy class selection is needed to guarantee calculations match the application
needs.

Preferred values for the dynamic range limits in % of rated current are:

T = 219,10
I = 120; 200; 400
I and K values are chosen independently and can be freely combined. To be

consistent with current transformer requirements defined in relevant parts of IEC 61869, K .
shall be lower than or equal to 10, while K shall be higher than or equal to 120. The error

between discrete points of ratio error and phase error described in Table 1303 changes in linear
fashion as shown in Figure 1305.

The dynamic range concept is illustrated in Figure 1305, which shows relationship in terms
similar to accuracy limits defined in IEC 61869-6:2016, Figure 6E.1. All values are shown with
respect to the device analogue input, even though the digital output is required to represent
primary current measurements in accordance with IEC 61869-9. Factor K, . defined in

IEC 61869-6 is not used by the SAMU specifications.
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NOTE Figure 1305 is conceptual. Error scale is given without units, with different error criteria applicable for the
dynamic range specification (Table 1303) and the transient response accuracy (Table 1304) lines.

Figure 1305 — Dynamic range concept example

5.6.1301.2 SAMU current channels with protection accuracy class designation
Protection-rated analogue inputs shall have well-defined transient performance in terms of:
e clipping;

e saturation / transient performance;

o high-pass filter cut-off frequency.

Clipping is caused by the input signal exceeding the capability of the SAMU acquisition chain.
The clipping limit is definite, constant for a given design, and shall be declared by the
manufacturer for each SAMU channel (group of channels). The clipping limit is a factor that
represents the current above which the current clipping occurs. It shall meet the following
relationship:

Clipping_limit = 2-K ¢, V2

Performance shall be specified and tested in accordance with 7.2.6.1301. This covers
saturation and remanence effects that may be present in some designs.

The manufacturer shall declare the specified current input time constant 7} for which the
transient performance specification applies. Preferred values are:

50 ms; 120 ms; 180 ms; 250 ms; DC

SAMU current channels with a time constant greater than 10 s shall be declared as "DC", with
the remaining parameters omitted.

Documents

Document Sharing Hub

Full document details: IEC 61869-13-2021


http://www.avadocuments.com/doc/iec-61869-13-2021
http://www.avadocuments.com/doc/iec-61869-13-2021

- 20 - IEC 61869-13:2021 © |IEC 2021

High-pass filter cut-off frequency: SAMU devices designed for AC applications often have a
high-pass characteristic with a well-defined cut-off frequency f. up to 1 Hz. The cut-off

frequency f. (-3 dB) shall be measured and specified in accordance with 7.2.6.1302. The result
is reported in the form of the input filter time constant T.

For the determination of T, the following formula shall be used.

1
Tooe = ——
sec 27ch

For a simple current transformer input with a ferromagnetic core T, can be estimated from the
input CT design parameters as shown below:

L
T  =—"—™mM
sec Rct +Rb
where:
Ly is the magnetizing branch inductance value of the input CT at rated current level,;
Rt is the resistance of the input CT secondary winding;
Ry, is the SAMU built-in CT burden resistance (normally fixed).

EXAMPLE A rated secondary time constant of 7. . = 1 s corresponds to a first order high-pass filter with a maximum
cut-off frequency close to 0,16 Hz.

5.6.1301.3 Standard accuracy classes for SAMU current channels with protection
accuracy class designation

The standard accuracy classes for SAMU protection rated current channels are:
2TPM - 6TPM — 10TPM

The letters "TPM" mean protection rated SAMU current channels for transient performance with
a specified secondary time constant T,., for which the saturation behaviour in case of a

transient short-circuit current is specified by the instantaneous error component defined below.

All current channels with protection accuracy designation shall meet the asymmetrical fault
current dynamic response requirements defined in Table 1304.

Table 1304 — Limits of current errors for SAMU TPM class rated protection
accuracy current channels

Accuracy class Peak alternating error
component limit under specified
duty cycle condition %

2TPM 2
6TPM 6
10TPM 10

Table 1304 defines error requirements above rated current. Accuracy at the rated current shall
be expressed using the measuring part of the dual rating pair.
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The standard symmetrical short-circuit factor values for transient performance protection rated

analogue inputs K¢ are:

20; 30; 50; 100
5.6.1302 Standard accuracy classes for SAMU voltage channels
The standard accuracy classes for SAMU voltage channels are:
0,056-0,1-0,2-0,5-1,0
The voltage ratio error and phase error at rated frequency shall not exceed the values specified

in Table 1305 at any voltage between 20 % of rated voltage and the rated voltage multiplied by
the rated voltage factor F,,. Between 2 % and 20 % of rated voltage, the limit of voltage error

and phase error shall be twice as high as those given in Table 1305. Rated input voltage factors
are:

1,2-15-19

SAMU voltage inputs shall not clip for peak values determined by the rated input voltage factor
multiplied by a square root of two.

Table 1305 — Limits of voltage error and phase error
for SAMU voltage channels

Accuracy class Voltage ratio error Phase error
% + minutes
0,05 0,05 2,5
0,1 0,1 5
0,2 0,2 10
0,5 0,5 20
1 1,0 40

NOTE Calculations of sequence components, impedance and power are affected by the accuracy class and the
inter-channel error. Appropriate accuracy class selection is needed to guarantee calculations match the application
needs.

SAMU voltage channels shall be "protection capable”" and do not have explicitly defined
protection class. For the purpose of EMC immunity testing, voltage channels shall meet the
applicable protection assessment criteria of Table 1309 with an RMS error tolerance set to +6 %
or less.

5.6.1303 Analogue inputs from current transformers

The preferred rated values of AC input currents in Amperes, RMS value, are in line with
IEC 61869-2:2012, and are given below.

1:5

For all accuracy classes, the burden corresponding to the impedance of the SAMU current
inputs shall not exceed 0,5 VA at 5 A rated current and 0,1 VA at 1 A rated current. Any power
factor is acceptable. The manufacturer shall declare the burden and its power factor. If the
instrument transformer connected to the SAMU needs additional burden to meet a given
accuracy specification, then the user is responsible for providing it.
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SAMU current channels with measuring accuracy designation shall withstand 20 times the
maximum current to which the stated measuring accuracy applies (20 x I,5,). If I,,ox €Xceeds

the rated continuous thermal current 7, this current shall be used instead (20 x /). A SAMU

shall withstand this current for 0,5 s without damage or long-term performance degradation (in
alignment with IEC 62053-22).

Protection rated current channel inputs shall be able to withstand 100 times the rated current
for 1 s without damage or long term performance degradation (in alignment with [IEC 60255-27).
Continuous withstand current shall be at least 4 times the rated current.

Current input crosstalk (any current channel operating at the rated input current to any other
channel including voltage channels) shall be below the accuracy limit for that channel defined
at rated input level.

See Annex 13C for low-power instrument transformer input requirements.

5.6.1304 Analogue inputs from voltage transformers

The preferred rated values of AC input voltage in Volts, RMS value, are in line with IEC 61869-
3, IEC 61869-4 and IEC 61869-5 and are given below, together with those values divided by 3,
or V3.

100; 110; 115; 120; 200; 230

Burden corresponding to the impedance of the SAMU voltage input shall not exceed 0,5 VA. If
the instrument transformer connected to the SAMU needs additional burden to meet a given
accuracy specification, then the user is responsible for providing it.

Voltage inputs shall be able to withstand 2,6 times the rated voltage for 10 s without damage
or long term performance degradation. Continuous withstand voltage shall be at least 2 times
the rated voltage.

Voltage input crosstalk (any voltage channel operating at the rated voltage level to any other
channel including current channels) shall be below the accuracy limit for that channel defined
at rated input level.

See Annex 13C for low-power instrument transformer input requirements.

5.6.1305 SAMU settings

Analogue inputs are connected to instrument transformer secondary circuits as described in
5.6.1303 and 5.6.1304, while the SAMU digital output measurements represent the power
system primary signals in accordance with IEC 61869-9:2016.

To accomplish the proper scaling for the SAMU digital output, a SAMU shall multiply its input
with the ratio of the instrument transformer connected to each channel. Individual IT ratios shall
be provided in the form of settings for the logical nodes TCTR and TVTR defined in IEC 61850-
7-4 and shown in Table 1306 and Table 1307.
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Table 1306 — SAMU TCTR class settings

TCTR class settings
Data object Common data Explanation Presence
name class
Rat ASG Winding ratio of an external current transformer Mandatory
(transducer)
Table 1307 — SAMU TVTR class settings
TVTR class settings
Data object Common data Explanation Presence
name class
Rat ASG Winding ratio of an external voltage transformer Mandatory
(transducer)

The setting "Rat" is entered as a dimensionless value expressing the ratio between the primary
and secondary values (e.g. 200 representing a 1 000 A to 5 A current transformer or 600

representing a 60 000/Y(3) V to 100/V(3) V voltage transformer).

6 Design and construction

6.11 Electromagnetic compatibility (EMC)
6.11.3 Requirements for immunity
6.11.3.601 General

Subclause 6.11.3.601 of IEC 61869-6:2016 is replaced with the following:

Table 1308 gives a list of SAMU type tests with the associated test levels and assessment

criteria.
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Table 1308 — Immunity requirements and tests

Test Reference standard Test level Test port * | Assessment
criteria
Harmonic and interharmonic test IEC 61000-4-13 Class 2 6 A
Slow voltage variation test IEC 61000-4-11 From +10 % to -20 % 6 A
Slow voltage variation test IEC 61000-4-29 From +20 % to -20 % 7 A
Voltage dips and IEC 61000-4-11 100 % dip. b 6 A
short interruption test )
30 % dip for 0,5 s C
60 % dip for 0,2 s C
Interruption for 5 s c
Voltage dips and IEC 61000-4-29 100 % dip © 7 A
short interruption test )
30 % dip for 0,5 s C
60 % dip for 0,2 s C
Interruption for 5 s c
Surge immunity test IEC 61000-4-5 Line-to-earth: 4 kV 4,5 6,7 B
Line-to-line: 2 kV
Conducted immunity test (150 kHz IEC 61000-4-6 3 3,4,5/6,7 A
to 80 MHz)
Conducted immunity test (O kHz to IEC 61000-4-16 4 6.7 A
150 kHz) '
Electrical fast transient/burst test IEC 61000-4-4 4 3,4,5,6,7 B
Oscillatory waves immunity test IEC 61000-4-18 3 4,5,6,7 B
Electrostatic discharge test IEC 61000-4-2 3 2 B
Power-frequency magnetic field IEC 61000-4-8 Level 4 2 A
immunity test
y Switchgear or yard mounted
equipment shall meet Level 5
Pulse magnetic field immunity test IEC 61000-4-9 Level 4 2 B
Switchgear or yard mounted
equipment shall meet Level 5
Damped oscillatory magnetic field IEC 61000-4-10 5 2 B
immunity test
Radiated, radiofrequency, electro- IEC 61000-4-3 3 2 A
magnetic field immunity test
Voltage ripple on DC power supply IEC 61000-4-17 15 % of rated DC value 7
Gradual shutdown and start-up test IEC 61869-13 60 s ramp 7 C
2 Guidance for the identification of ports is given in Figure 604.
b Manufacturer shall declare the duration among the following values: 0,5 cycle, 1 cycle, 2,5 cycles, 5 cycles, 10 cycles
or 25 cycles.
¢ Manufacturer shall declare the duration among the following values: 10 ms, 20 ms, 30 ms, 50 ms, 100 ms, 200 ms,
300 ms, 500 ms or 1 000 ms.

When a more severe EMC environment is expected (e.g., gas insulated substations), higher
immunity requirements should be considered.

Tests shall be conducted under steady-state conditions at rated frequency, rated input current
and rated input voltage. Test setup used for EMC tests shall be clearly described and
documented in the test report.
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Protection rated channels shall be continuously monitored during EMC tests with an RMS based
instantaneous over / under voltage and over / under current elements whose averaging time
shall be equal to one rated frequency period (one power cycle). RMS element shall be evaluated
for each new sample (one cycle sliding window).

| T TITg 2
XRms —\/?zn_1 Xs(n)

where:

Xrms is the measured RMS quantity (current or voltage);
T is the duration of one power cycle;

T,

s is the distance in time between digital output samples (sampling period);

xg(n) is the digital output sample (instantaneous current or voltage measurement).
Element thresholds shall be set at two times the stated TPM accuracy class.

EXAMPLE SAMU current input rated for 1 A and a stated accuracy class of 2TPM are monitored with an overcurrent
element set to 1,04 A and an undercurrent element set to 0,96 A.

In order for the device to satisfy the assessment criteria A and B of Table 1309, the undercurrent
element shall remain picked up throughout the test, and the overcurrent element shall remain
in the quiescent state. Since the SAMU output is digital, required monitoring elements can be
implemented numerically with negligible error.

SAMU voltage channels RMS element tolerance is +6 % as defined in 5.6.1302. Element
thresholds shall be set two times higher at 12 %.

Acceptance criteria for the tests specified in Table 1308 are defined in Table 1309.

Table 1309 — Acceptance criteria for EMC immunity tests

Assessment criteria Conditions for acceptance

A Normal performance within the accuracy specification limits including the state of
quality and sync bits. Additionally, no individual sampled value error shall
exceed 10 % of the input quantity RMS level.

B Normal performance within the accuracy specification limits for protection rated
channels including the state of quality and sync bits. Additionally, no individual
sampled value error shall exceed 200 % of the input quantity RMS level.
Temporary degradation of measuring accuracy, with self-recovery at the end of
the test is acceptable. A reset or restart is not allowed.

C Temporary loss of function provided the function is self-recoverable. A reset or
restart is allowed. Streaming may be interrupted, but when the stream is present,
quality bits within the stream shall represent the SAMU operating state and meet
requirements of IEC 61869-9:2016, 6.903.9. Current state of the SAMU
synchronization shall be correctly represented.

6.11.3.605 Surge immunity
Subclause 6.11.3.605 of IEC 61869-6:2016 is applicable with the following addition:

Test level for SAMU shielded input ports designed to meet the PEB requirements with working
voltage lower than or equal to 150 V and communication ports shall be Level 2 and restricted
to common mode only.
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6.11.3.608 Electrical fast transient/burst

Subclause 6.11.3.608 of IEC 61869-6:2016 is applicable with the following additions:

The test level for SAMU shielded input ports designed to meet the protection by equipotential
bonding (PEB) requirements with working voltage lower than or equal to 150V and
communication ports shall be Level 2.

6.11.3.609 Oscillatory wave immunity

Subclause 6.11.3.609 of IEC 61869-6:2016 is applicable with the following additions:
The test shall be performed at 1 MHz.

The test level for SAMU shielded input ports designed to meet the PEB requirements with
working voltage lower than or equal to 150 V and communication ports shall be Level 2 and
restricted to common mode only.

6.11.3.1301 Voltage ripple on DC power supply

The purpose of this test is to verify the SAMU immunity to voltage ripple disturbance on DC
power supply defined in IEC 61000-4-17:1999.

6.11.3.1302 Gradual shutdown and start-up test

The purpose of this test is to verify the SAMU immunity to slow DC power supply disturbances
affecting the device shut-down and start-up behaviour.

6.11.4 Requirement for transmitted overvoltages

Subclause 6.11.4 of IEC 61869-1:2007 is not applicable to SAMU.

6.11.601 Emission requirements

Subclause 6.11.601 of IEC 61869-6:2016 is replaced with the following:

SAMU shall comply with limits given in CISPR 11 Group 1 — class A for radiated emission below
1 GHz and with limits in CISPR 32:2015/AMD1:2019, Table A.3 class A for radiated emission
above 1 GHz and shall be tested accordingly.
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Table 1310 — Radiated emissions tests

Test Reference standard Frequency range Limits Test port®

Radiated emission CISPR 11 30 MHz to 230 MHz 40 dB(pV/m) quasipeak at 10 m 2
(below 1 GHz)® 50 dB(pV/m) quasipeak at 3 m
230 MHz to 1 000 MHz | 47 dB(pV/m) quasipeak at 10 m
57 dB(pV/m) quasipeak at 3 m

Radiated emission CISPR 32 1 GHz to 3 GHz 56 dB(pV/m) average at 3 m 2
(above 1 GHz)
76 dB(uV/m) peak at 3 m
3 GHz to 6 GHz 60 dB(pV/m) average at 3 m

80 dB(pV/m) peak at 3 m

a8  SAMU shall satisfy the class A limits. Limits may be measured at a nominal distance of 3 m, 10 m or 30 m. A
measuring distance less than 10 m is allowed only for small equipment which, including its cables, fits in a
cylindrical test volume of 1,2 m in diameter and 1,5 m above the ground plane. In the case of measurements at
a separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall be used to normalize
the measured data to the specified distance for determining compliance.

Guidance for the identification of ports is given in Figure 604 (modified).

Conditional testing procedure:

Measurement frequency range depends on the frequency of the highest internal source of the
device under test and is defined as the highest frequency generated or used within the SAMU:

o if the highest frequency of the internal sources of is less than 108 MHz, the measurement
shall only be made up to 1 GHz;

o if the highest frequency of the internal sources is between 108 MHz and 500 MHz, the
measurement shall only be made up to 2 GHz;

o if the highest frequency of the internal sources is between 500 MHz and 1 GHz, the
measurement shall only be made up to 5 GHz;

e if the highest frequency of the internal sources is above 1 GHz, the measurement shall be
made up to 5 times the highest frequency or 6 GHz, whichever is lower.

Where the highest internal frequency is unknown, the measurement shall be made up to 6 GHz.

Conducted emissions from the AC and/or DC auxiliary power supply port shall meet
CISPR 32:2015 and CISPR 32:2015/AMD1:2019, Class A limits measured with an artificial
mains network which is used as a coupling device.

Table 1311 — Conducted emissions tests

Reference o Test port?

Test standard Frequency range Limits

Conducted emission CISPR 32 | 0,15 MHz to 0,50 MHz 79 dB(uV) quasi-peak 6,7
a
(below 1 GHz) 66 dB(pV) average
0,50 MHz to 30 MHz 73 dB(pV) quasi-peak
60 dB(uV) average
2 Guidance for the identification of ports is given in Figure 604 (modified).
6.13 Markings
Subclause 6.13 of IEC 61869-1:2007 is replaced with the following:
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When mounted in its normal operating position, the equipment should carry, where possible,
markings in accordance with 6.13.1301 to 6.13.1303 inclusive. These markings shall, where
possible, be visible from the exterior of the equipment or, if the cover or aperture is intended to
be removed by the user, be visible by removing a cover or the opening of an aperture without
the aid of a tool.

Where, because of space limitations, it is not possible for these markings to be visible in the
normal operating position or they are found elsewhere on the equipment, an explanation of
these symbols shall be included in the equipment documentation (see IEC 60255-27:2013,
Table 10 for the description of the symbols).

For rack or panel equipment, markings are permitted to be on any surface that becomes visible
after removal of the equipment from the rack or panel.

Markings that apply to the whole equipment shall not be placed on parts that can be removed
by the user without the use of a tool. Safety markings and documentation shall be in accordance
with IEC 60255-27:2013.

A SAMU shall carry at least the following markings:

a) the manufacturer's name or other mark by which it may be readily identified;
b) model or type designation;
c) the year of manufacture and a serial number, preferably both;

d) if equipment bearing the same distinctive designation (model number) is manufactured at
more than one location, the manufacturing location (factory location can be in code);

e) rating plate entries labeled as "physical" in Table 1312.

In addition, the SAMU shall be accompanied by the IED capability description (ICD) file defined
in IEC 61869-9.

6.13.1301 Terminal markings

SAMU terminals shall be marked in accordance with IEC 60255-27:2013, 9.1.

6.13.1302 Rating plate markings

See Table 1312 for rating plate markings. A complete copy of the rating plate (all entries in
Table 1312) shall be included in the equipment documentation.

Table 1312 — SAMU rating plate markings

Physical | standard

No. Rating Abbreviation rating Subclause
plate IEC

1 Manufacturer's name or abbreviation MfgName Y 61869-13 [6.13

2 Model or type designation Model Y 61869-13 |6.13

3 Year of manufacture and serial number YearSerNo Y 61869-13 |6.13

4 Manufacturing location MfgLoc Y 61869-13 |6.13

5 Semicolon separated list of the supported variant NamVariant? N 61869-9 6.903.2

codes, for example: "F4800S214U4;F14400S614U4"

6 Semicolon separated list of rated frequencies which |NamHzRtg? Y 61869-9 6.903.5
are supported in hertz, for example "50; 60"

7 Ambient temperature categories for measurement AmbTemp Y 61869-13 |6.13
and protection separated by semicolon, for example
"-25/40; —25/55"
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No.

Rating

Abbreviation

Physical
rating
plate

Standard
IEC

Subclause

Semicolon separated list or hyphenated range of
rated auxiliary power supply voltages (Ug,) in volts,

with indication of AC or DC where applicable. For
example: "80 — 300 DC; 100 — 250 AC"

NamAuxVRtg?

Y

61869-9

6.903.5

9

Rated holdover time in seconds, for example "10"

NamHoldRtg?

61869-9

6.903.5

10

Maximum processing delay time in microseconds, for
example: "1500"

NamMaxDIRtg?

61869-9

6.903.5

11

Firmware version, for example "B 1.103"

FwVerNum

61869-13

6.13

Current channel section:

12

Total number of physical current channel inputs, for
example: "4"

ITotalCh

61869-13

13

Number of current channel output groups with the
same characteristics applicable to all members of the
group, for example "1"

IChGroups

61869-13

For e

ach current channel group:

14

Number of current channels in the group, for
example: "3"

IGroupCh

61869-13

15

Semicolon separated list of the rated input currents
(Ipr) in amperes, for example: "1; 5"

NamARtg

61869-9

6.903.7

16

Semicolon separated list of accuracy class rating
with the order matching the order of the rated input
currents, for example "0.5/6 TPM; 0.5/10TPM".
Channels which are not rated for protection shall
have their TPM classification omitted.

NamAccRtg

61869-13

5.6.1301.1

17

Semicolon separated list of measuring class dynamic
range lower limit factors with the order matching the
order of the rated input currents

Kimin

61869-13

5.6.1301.1

18

Semicolon separated list of measuring class dynamic
range upper limit factors with the order matching the
order of the rated input currents

Kimax

61869-13

5.6.1301.1

19

Semicolon separated list specifying the ratio of the
clipping limit of the instantaneous current to the
rated primary current multiplied with a square root of
two (peak value), with the order matching the order
of the rated input currents, for example: "100; 20"

NamClipRtg

61869-9

6.903.7

20

SAMU input filter time constant Tgg in milliseconds.

If multiple values are given use semicolon separated
list with the order matching rated input current.

Tsec

61869-13

5.6.1301.2

21

Semicolon separated list of the rated symmetrical
short-circuit current factors for transient performance
K Preceded by the rated input current, followed by

a "-". For multiple input currents use "/" to separate
the entries, for example: 1 — 20; 30; 50; 100/ 5 - 20

Kssc

61869-13

5.6.1301.3

22

Semicolon separated list of the SAMU current
channel specified input time constants preceded by
the rated input current, followed by a "-". For multiple
input currents use "/" to separate the entries, for
example: 1 — 250; 180; 120; 50 / 5 - 50

Ti

61869-13

5.6.1301.2

Volta

ge channel section:

23

Total number of physical voltage channel inputs, for
example: "4"

VTotalCh

61869-13

24

Number of voltage channel output groups with the
same characteristics applicable to all members of the
group, for example: "1"

VChGroups

61869-13
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Physical | standard
No. Rating Abbreviation rating Subclause
plate IEC
For each voltage channel group:
25 |Number of voltage channels in the group, for VGroupCh N 61869-13 [6.13
example: "3"
26 |The accuracy class rating in the designated format, [NamAccRtg N 61869-13 |5.6.1302
for example: "0,5"
27 |Semicolon separated list or hyphenated range of NamVRtg Y 61869-9 6.903.8
rated input voltages in volts, for example:
"100/sqrt(3)"
28 |The rated input voltage factor F,, for example: "1,2" |Fv N 61869-13 [5.6.1302
29 |The ratio of the clipping limit of the instantaneous NamClipRtg N 61869-9 6.903.8
voltage to the rated primary voltage multiplied with a
square root of two (peak value), for example: "2"
2 Ratings No. 5, 6, 8, 9 and 10 are applicable to the SAMU as a device. They are not a property of individual
current or voltage channels (logical nodes TCTR, TVTR). This is an error correction to IEC 61869-9:2016,
6.903.7 and 6.903.8.

When multiple values of Kggc and T are stated, they shall be listed in the same order since
they form pairs.

Entries that are not applicable; for example, Kggc in case of a current channel without protection
class designation shall be omitted.

A rating plate example showing both mandatory and optional entries according to Table 1312
is as follows:
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Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-61869-13-2021
http://www.avadocuments.com/doc/iec-61869-13-2021

IEC 61869-13:2021 © |IEC 2021

MfgName = ACME MFG

Model = SAMU-200

YearSerNo = 2020 00015668
MfgLoc = California, U.S.A

NamVariant = F4800S2I4U4; F14400S6I4U4

NamHzRtg = 50; 60

AmbTemp = -25/40

NamAuxVRtg = 80-300dc; 100-250ac
NamHoldRtg = 10

NamMaxD1Rtg = 1500

FwVerNum = B 1.103

ITotalCh 4

IChGroups = 2

IGroupCh = 3
NamARtg = 1; 5
NamAccRtg = 0.2/10TPM
Kimin = 2

Kimax = 200
NamClipRtg = 40

Tsec = 200

Kssc = 1-100/5-20

Ti = 1-100/5-20
IGroupCh =1
NamAccRtg
NamARtg =
Kimin = 2
Kimax = 200
NamClipRtg = 20

= 0.5/6TPM
1

Tsec = 200
Kssc = 20
Ti = 1-50

VTotalCh = 3
VChGroups = 1
VGroupCh = 3
NamAccRtg = 0.5
NamVRtg = 100/sqgrt (3)
Fv = 1.2

NamClipRtg = 2

The ratings in Table 1313 are also defined in accordance with IEC 61850-7-4 in the form of

settings.
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Table 1313 — Ratings defined in accordance with IEC 61850-7-4

:;‘;ir’;?,ig:f;ﬁ Object name per IEC 61850-7-4 Description
Kimin DynRngMin Measuring class dynamic range lower limit factor
Kimax DynRngMax Measuring class dynamic range upper limit factor
NamHoldRtg HoldTms Rated holdover time
NamMaxD1Rtg MaxDI Maximum processing delay time rating
NamVRtg VRtg Rated input voltage
NamARtg ARtg Rated input current
NamClipRtg Clip Clipping limit
NamHzRtg HzRtg Rated system frequency
ITRat Rat Ratio of an external instrument transformer
ITRatCor Cor External instrument transformer ratio correction factor
ITAngCor AngCor External instrument transformer angle correction factor
NamAccRtg AccMeas Measuring accuracy class rating
NamAccRtg AccPro Protection accuracy class rating
Trp Trp Protection channel transient performance class
Tsec ScndTmms Current channel input filter time constant

6.13.1303 Marking durability
All markings shall remain clear and legible under conditions of normal use and shall resist the

effects of cleaning agents as specified by the manufacturer. This shall also include the effect
of natural or artificial light.

An adhesive that is permanent shall be used to secure adhesive labels.

After compliance testing, these labels shall not have become loose nor shall the edges and
corners curl.

6.607 Vibrations

Subclause 6.607 of IEC 61869-6:2016 is replaced with the following:

SAMU vibration tests are under consideration. Tests will take into account protective relay
requirements which are specified in IEC 60255-21-1, IEC 60255-21-2, IEC 60255-21-3 and are
currently undergoing revision.

It is recommended that the products developed in the meantime comply with IEC 60255-21
series standards.

7 Tests

7.1 General
7.1.2 List of tests

Subclause 7.1.2 of IEC 61869-1:2007 is replaced by the following modified Table 10:
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Table 10 — List of tests

Tests Subclause
Type tests 7.2
Electromagnetic compatibility tests 7.2.5
Test for accuracy 7.2.6
Verification of the degree of protection by enclosures 7.2.7
Low-voltage component voltage withstand test 7.2.601
Climatic environmental test 7.2.1301
Marking durability technical test 7.2.1302
Routine tests 7.3
Test for accuracy 7.3.5
Power-frequency voltage withstand test for low-voltage components 7.3.601
Special tests 7.4
Test for accuracy versus harmonics and low frequencies IEC 61869-6:2016, Clause 6A.5

7.2 Type tests
7.2.1 General

Subclause 7.2.1 of IEC 61869-1:2007 is replaced with the following:
All dielectric type tests shall be carried out on the same SAMU.

If not stated otherwise, all type tests shall be carried out at an ambient temperature between
15 °C and 25 °C. Relative humidity shall be between 45 % to 75 %.

7.2.2 Temperature-rise test

Subclause 7.2.2 of IEC 61869-1:2007 is not applicable. Temperature-rise limits for SAMU
components are covered under the product safety requirements of 9.1302.

7.2.3 Impulse voltage withstand test on primary terminals

Subclause 7.2.3 of IEC 61869-1:2007 is not applicable because a SAMU does not have primary
terminals.

7.2.4 Wet test for outdoor type transformers

Subclause 7.2.4 of IEC 61869-1:2007 is not applicable because a SAMU does not have primary
terminals.

7.2.5 Electromagnetic Compatibility (EMC) tests
7.2.5.1 RIV test

Subclause 7.2.5.1 of IEC 61869-1:2007 is not applicable because a SAMU does not have
primary terminals.

7.2.5.2 Immunity test
7.2.5.2.601 General

Subclause 7.2.5.2.601 of IEC 61869-6:2016 is replaced with following: Documents
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The tests shall be carried out to prove compliance with 6.11.3.

The test shall be performed on a port-by-port basis. Guidance for the identification of ports is
given in Figure 604 (modified). The SAMU device is represented by subassembly 2 and is shown
located inside the control cubicle area with a configuration typically used in air insulated
substation. The SAMU may also be mounted in the substation yard, mounted in the LV breaker
cubicle, mounted on the GIS insulated switchgear or connected to an electronic instrument
transformer with the low-power output located next to (< 10 m) it in the same control cubicle
area.

Analogue inputs are driven by the IT secondary circuits. For the purpose of immunity testing
such inputs are classified as an input/output port (4) shown in Figure 604. In addition to the
inputs, the SAMU also has the power supply port (6, 7), enclosure port (2) and the ground signal
port (3).

With the exception of the digital output interface which is typically a fibre-based communications
port, the SAMU is not required to have additional input and output ports.

1

/

Subassembly 1 Subassembly 2

Y/ — 1/

4,5,6,7 4,5
Link between 3 /
subassembly 1 and 2 /

™

Switchyard area

Control cubicle area
o IEC

Key

1 HV line terminal
enclosure port
earth port

input /output port
communication port

AC power supply port

N o o A~ W N

DC power supply port

Subassembly 1: "outdoor part" in switchgear area

Subassembly 2: "indoor part" in control cubicle area

Figure 604 (modified) — Examples of subassembly subjected to EMC tests —
Usual structure used in HV AIS applications
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7.2.5.2.603 Harmonic and interharmonic disturbance test

Subclause 7.2.5.2.603 of IEC 61869-6:2016 is applicable with the following modification:
The assessment criterion is given in Table 1309.

7.2.5.2.604 Slow voltage variation test

Subclause 7.2.5.2.604 of IEC 61869-6:2016 is applicable with the following modification:

This document uses the rated auxiliary power supply voltage as a basis for voltage test level
specification. Where the SAMU has a rated voltage range, the test procedure shall be applied
at the lowest voltage declared in the voltage range.

For example, a SAMU with a rated voltage range from 100 V to 200 V with the tolerance of
120 % should be tested at 80 V.

For SAMU intended to be used either with AC auxiliary power supply or with DC auxiliary power
supply, both AC and DC tests shall be performed.

The assessment criterion is given in Table 1309.

7.2.5.2.605 Voltage dips and short interruption test

Subclause 7.2.5.2.605 of IEC 61869-6:2016 is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-11 for AC auxiliary
power supply and according to that of IEC 61000-4-29 for DC auxiliary power supply.

The voltage dips used for the test are listed in Table 1308. The assessment criterion is given
in Table 1309.

7.2.5.2.606 Surge immunity test

Subclause 7.2.5.2.606 of IEC 61869-6:2016 is applicable with the following modification:

Test levels and applicable ports are given in Table 1308. For the auxiliary power supply line-to-
line test, surge generator source impedance shallbe 2 Q / 18 pF. For the auxiliary power supply
line-to-ground test, surge generator source impedance shall be 12 Q / 9 yF. Generator source
impedance for testing analogue inputs from current and voltage transformers shall be
42 Q /0,5 pF.

Testing of SAMU shielded input ports designed to meet the PEB requirements with working
voltage lower than or equal to 150 V and communication ports shall be conducted in accordance
with IEC 61000-4-5:2014, Figure 12. For unshielded SAMU ports and the communication ports
coupling method is given in IEC 61000-4-5:2014, Figure 10 and Figure 11 shall be used.

The assessment criterion is given in Table 1309.

Surge immunity test modifies the input signals measured by SAMU. Signal waveshape is
strongly affected by the decoupling network construction and power system test signal sources
used for the test. The use of decoupling inductors with high common mode rejection (coupled
inductors) in the setup described in IEC 61000-4-5:2014, Figure 9 is preferred, and provides
better control of the undesirable decoupling network resonance. Use of gas discharge-based
coupling networks is also allowed.
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7.2.5.2.607 Conducted immunity tests (150 kHz to 80 MHz)

Subclause 7.2.5.2.607 of IEC 61869-6:2016 is applicable with the following modification:

Test levels are given in Table 1308. The assessment criterion is given in Table 1309. The test
is applied to the auxiliary power supply port, input and output ports, communication ports and
the enclosure port.

7.2.5.2.608 Conducted immunity tests (0 Hz to 150 kHz)

Subclause 7.2.5.2.608 of IEC 61869-6:2016 is applicable with the following modification:

Test levels are given in Table 1308. The assessment criterion is given in Table 1309. The test
is applied to the auxiliary power supply port.

7.2.5.2.609 Electronic fast transient/burst test

Subclause 7.2.5.2.609 of IEC 61869-6:2016 is applicable with the following modification:

Test levels are given in Table 1308. The assessment criterion is given in Table 1309. The test
is applied to the auxiliary power supply port, input and output ports, communication ports and
the functional earth port.

7.2.5.2.610 Damped oscillatory wave immunity test

Subclause 7.2.5.2.610 of IEC 61869-6:2016 is applicable with the following modification:

Test levels are given in Table 1308. The assessment criterion is given in Table 1309. The test
is applied to the auxiliary power supply port, input and output ports and communication ports.

7.2.5.2.611 Electrostatic discharge test
Subclause 7.2.5.2.611 of IEC 61869-6:2016 is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-2. Test levels are
given in Table 1308. The assessment criterion is given in Table 1309. The test is applied to the
enclosure port.

7.2.5.2.612 Power-frequency magnetic field immunity test

Subclause 7.2.5.2.612 of IEC 61869-6:2016 is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-8. Test levels are
given in Table 1308. The assessment criterion is given in Table 1309. The test is applied to the
enclosure port.

7.2.5.2.613 Pulse magnetic field immunity test
Subclause 7.2.5.2.613 of IEC 61869-6:2016 is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-9. Test levels are
given in Table 1308. The assessment criterion is given in Table 1309. The test is applied to the
enclosure port.
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7.2.5.2.614 Damped oscillatory magnetic field immunity test

Subclause 7.2.5.2.614 of IEC 61869-6:2016, is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-10. Test levels are
given in Table 1308. The assessment criterion is given in Table 1309. The test is applied to the
enclosure port.

7.2.5.2.615 Radiated, radiofrequency, electromagnetic field immunity test

Subclause 7.2.5.2.615 of IEC 61869-6:2016 is replaced with the following:

The test shall be performed according to the test procedure of IEC 61000-4-3. The test level is
class 3 (10 V/m field strength) as given in Table 1308. The assessment criterion is given in
Table 1309. For more severe environments, addition of the test covering the 1 GHz to 6 GHz
range in accordance with IEC 61000-6-5 should be considered.

7.2.5.2.1301 Voltage ripple on DC power supply

The test shall be performed at two times the specified power system frequency (e.g.
100/120 Hz) and is applied to DC power supply terminals. Test level is given in Table 1308.
The assessment criterion is given in Table 1309. Test duration is 1 min.

The voltage in this document uses the rated voltage for the SAMU power supply as a basis for
voltage test level specification. Where the SAMU has a rated voltage range, the test procedure
shall be applied for both the lowest and highest voltage declared in the voltage range.

For example, a SAMU with a rated voltage range from 100 V to 200 V with the tolerance of
120 % should be tested at 80 V and at 240 V.

7.2.5.2.1302 Gradual shutdown and startup test

The test is applied to DC power supply terminals. The test level is given in Table 1308. The
assessment criterion is given in Table 1309.

The voltage in this document uses the rated voltage for the SAMU power supply as a basis for
voltage test level specification. Where the SAMU has a rated voltage range, the test procedure
shall be applied for both the lowest and highest voltage declared in the voltage range.

SAMU with a rated voltage range from 100 V to 200 V with the tolerance of +20 % should be
tested at 80 V and at 240 V.

The gradual shutdown test starts at full voltage which is reduced to zero in linear fashion over
a 60 s interval. The SAMU is left deenergized for 5 min, followed by a linear ramp, increasing
the power supply voltage back up in linear fashion over a 60 s interval. Voltage profile applied
during the test is illustrated in Figure 1306.

Documents

Document Sharing Hub

Full document details: IEC 61869-13-2021


http://www.avadocuments.com/doc/iec-61869-13-2021
http://www.avadocuments.com/doc/iec-61869-13-2021

- 38 - IEC 61869-13:2021 © |IEC 2021

S A 60 s 5 min 60 s
N O N v S —— > g S ——
| |
e min | |
| |
suL } :
SDL | |
J |
J I
| I
| I
| |
| |
| |
| |
| |
| |
0 >
0 1(s)
IEC
Key
U, rated auxiliary power supply voltage
Ug min  lower limit of U,

SDL shut-down limit
SUL start-up limit

Figure 1306 — Gradual shutdown — Startup test

7.2.5.601 EMC emission tests

Subclause 7.2.5.601 of IEC 61869-6:2016 is replaced with the following:

Emission tests shall be performed with the equipment under reference conditions as stated in
CISPR 11 and CISPR 32.

The tests shall be carried out with the rated values of input quantities applied to power supply
and the appropriate device inputs.

For SAMU with a wide operating power supply range, the radiated emissions test shall be
performed on the lowest and the highest nominal voltage of the power supply.

For example, a SAMU with a rated voltage range of 100 V to 200 V and a tolerance of +20 %
shall be tested at 100 V and 200 V.

During the radiated emissions test, the SAMU shall be installed according to manufacturer
specifications with the test distance, method, frequency range and the Class A acceptance
criteria given in Table 1310.

The conducted emissions shall be performed on all nominal voltages of the SAMU power supply.
SAMUs shall be installed according to the manufacturer specifications with the test frequency
range, method and the Class A acceptance criteria given in Table 1311.

7.2.6 Test for accuracy

Subclause 7.2.6 of IEC 61869-6:2016 applies with the following addition:

Test circuit examples appropriate for performing accuracy tests for SAMUs (and instrument
transformers having digital output in general) are illustrated in IEC 61869-9:2016, Annex 9D.
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7.2.6.601 General

Subclause 7.2.6.601 of IEC 61869-6:2016 is replaced with the following:

SAMU accuracy tests are applied to measuring and to protection rated channels. Test signals
are applied to the SAMU voltage and current inputs with individual channel accuracy verified at
the SAMU digital output.

7.2.6.602 Basic accuracy tests
7.2.6.602.1 Basic accuracy tests for measuring LPIT

Subclause 7.2.6.602.1 of IEC 61869-6:2016 is replaced with the following:

To prove compliance with the specified accuracy class, unless otherwise specified, tests shall
be made at each rated value of the input signal and at ambient temperature. If multiple rated
values are specified, it is acceptable that the accuracy test be performed at the two extremes.
The test shall be performed individually for all inputs.

For measuring classes, accuracy tests may be performed over several power frequency cycles,
or several measurements may be averaged. If the comparison is not over one period of power
frequency signal, the details of the test arrangement and timing and/or bandwidth of the test
system shall be provided in the accuracy test report.

7.2.6.1301 Test for error at limiting conditions for protection rated current channels

The purpose of this type test is to prove compliance with the stated TPM class transient
performance requirements at limiting conditions. It uses a fully offset C-O-C-O test current
injection sequence, shown in Figure 1307.

Based on this test, the manufacturer shall specify the rated symmetrical short-circuit factor for
transient performance Kggc and the highest input current time constant 7, for which the device

under test meets the stated accuracy limit. Declarations of multiple Kgg¢, 7, pairs are allowed.
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Figure 1307 — C-O-C-O duty cycle
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The test parameters are defined as follows:

o the rated symmetrical short-circuit current factor for transient performance Kgg¢ defined by
the SAMU manufacturer.

e duty cycle: C-O-C-O shall have ¢’ between 150 ms and 160 ms at the time of positive to
negative zero crossing, . = 300 ms, and ¢" between 290 ms and 310 ms at the time of
positive to negative zero crossing. Minimum time to saturation shall match the close cycle
duration ¢’y = ¢/, t"; = t"".

The test is performed at 50 Hz in accordance with the test waveform defined in

IEC 61869-2:2012, 3.4.224, referenced in IEC 61869-6 and shown in Figure 1307. The result

of the test is the highest input time constant 7; for which the device under test meets the stated

accuracy limit condition maximum peak value of the alternating instantaneous error component
defined in Table 1304 and measured in accordance with IEC 61869-2:2012, Clause 2B.3 TPZ
class criteria, given in IEC 61869-2:2012, Figure 2B.15.

To meet the 6TPM class criteria, the error marked 'b' in IEC 61869-2:2012, Figure 2B.15 shall
be below 12 % of the RMS value of the symmetrical short-circuit test current multiplied by a
square root of two.

NOTE 1 TPM accuracy classes are consistent with the frequency response mask defined in IEC 61869-6:2016
which allows the LPIT inputs to be AC coupled with cut-off frequency as high as 1 Hz. Please note that it is possible
that the DC component of the highly offset fault waveforms will not be preserved.

NOTE 2 The value T, is defined at 50 Hz since this test produces more demanding requirements. An alternate

definition of 7; for 60 Hz is not required.

7.2.6.1302 High-pass filter cut-off frequency measurement

The SAMU high-pass filter characteristic (-3 dB point, if present) is measured using a frequency
response sweep test. For analogue inputs that do not saturate (e.g. AC coupled shunts, hall-
effect devices) the sweep test shall be performed at the rated current.

The test is not applicable to systems with a time constant greater than 10 s for which the
accuracy is declared as "DC" per 5.6.1301.2. For inputs that do saturate at low frequencies, the
test current level /i, shall be adjusted according to:

[test = ]n x ftest /fnom

The sweep shall start at the rated frequency and terminate when the -3 dB (1 dB) point is
reached. Measurements below 0,1 Hz can be difficult to perform. Analysis results are
acceptable in their place.

The SAMU manufacturer may use an alternate method to measure f, or T provided the results
are within +30 % of the declared value.

The frequency sweep may be continuous or executed as a series of steps (while ignoring the
step response transients). If continuous, the sweep speed shall not be higher than 1/4 octave
per second. If discrete, there shall be at least four steps per octave. Four steps per octave are
sufficient to determine the cut-off frequency of a first order system with a 10 % accuracy.

In accordance with IEC 61869-6, the frequency response cut-off frequency has to be lower than
or equal to 1 Hz.

7.2.8 Enclosure tightness test at ambient temperature

Subclause 7.2.8 of IEC 61869-1:2007 is not applicable since the SAMU does not contain
pressurized gas. Documents
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7.2.9 Pressure test for the enclosure

Subclause 7.2.9 of IEC 61869-1:2007 is not applicable since the SAMU does not contain gas.

7.2.601 Low-voltage component voltage withstand test
7.2.601.2 Application of the test voltage
Subclause 7.2.601.2 of IEC 61869-6:2016 is replaced with the following:

The test voltage shall be applied to the SAMU connecting points, non-powered, in a new
condition. All SAMU circuits are considered low-voltage components and shall be tested. The
test is divided into two parts; the power-frequency voltage withstand test and the impulse-
voltage withstand test.

Each independent circuit shall be tested at the test voltage specified in 5.3.1301. Circuits are
tested in relation to all other circuits connected together and to earth.

a) For the test between a given circuit and all other circuits, all the connecting points of the
single circuit shall be connected together.

b) For all tests, the circuits which are to be connected to earth shall be thus connected.

For devices with an insulating enclosure, the exposed conductive parts needed for testing shall
be represented by a metal foil covering the whole enclosure except for terminals. A suitable
gap shall be left between the metal foil and the terminals so as to avoid flashover to the
terminals.

7.2.601.3 Power-frequency voltage withstand test
Subclause 7.2.601.3 of IEC 61869-6:2016 is replaced with the following:

The power-frequency voltage withstand tests shall be made by applying the insulation
requirements for low-voltage components specified in 5.3.1301.

The test voltage source shall be such that, when applying half the specified value to the device
under test, the voltage drop observed is less than 10 %.

The source voltage shall be verified with an accuracy better than 5 %.
The test voltage shall be substantially sinusoidal with a frequency between 45 Hz and 65 Hz.

The open-circuit voltage of the voltage source is initially set to not more than 50 % of the
specified test voltage. It is then applied to the device under test. From this initial value, the
voltage shall be raised to the specified value in such a manner that no appreciable transients
occur. Voltage shall be maintained for 1 min. It shall then be reduced smoothly to zero as rapidly
as possible.

Acceptance criteria: no breakdown or flashover shall occur.

7.2.601.4 Impulse-voltage withstand test

Subclause 7.2.601.4 of IEC 61869-6:2016 is replaced with the following:

The impulse-voltage withstand tests for analogue inputs connected to a secondary instrument
transformer shall be made by applying the voltage given in 5.3.1301.

A standard lightning impulse in accordance with IEC 60060-1 shall be used. The nominal
parameters of the impulse generator are: Documents
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e output impedance: 500 Q,
e output energy: 0,5 J.

The length of each test lead shall not exceed 2 m.

The impulse voltage shall be applied to the appropriate points accessible from the outside of
the device, the other circuits and the exposed conductive parts being connected to earth.

During the test, no input or auxiliary energizing quantity shall be applied to the device.
Three positive and three negative impulses shall be applied at intervals of not less than 5 s.

Acceptance criteria: no flashover is accepted. After the test, the electronics shall still comply
with basic accuracy tests.

7.2.1301 Climatic environmental requirements
7.2.1301.1 Verification procedure
7.2.1301.1.1 General

The characteristics of the device shall not vary by more than the published tolerance for
temperatures within the declared operating range. The effects of temperature on the component
parts of the equipment that may result in a visual change but not affect the operational accuracy
of the equipment (i.e. darkening of LCD display) shall be declared.

The manufacturer shall declare whether operation at the specified accuracy can be achieved
when power is initially applied to the equipment after all components have been allowed
stabilise at the ambient temperature. If the specified accuracy is achieved only after the device
is energized for a period of time, the manufacturer shall specify the estimated stabilization time
required.

The equipment shall comply with the requirements of both change of temperature and storage
and operating temperature tests.

7.2.1301.1.2 Measurement of insulation resistance

The insulation resistance measurement shall be performed as a test following environmental
testing to ensure that the insulation has not been over-stressed and weakened by the applied
tests.

The measuring voltage shall be applied directly to the equipment terminals.

The insulation resistance shall be determined when a steady value has been reached and at
least 5 s after applying a DC voltage of 500 V = 10 %.

For equipment in a new condition, the insulation resistance shall not be less than 100 MQ at
500 V DC. After the damp heat type test, the insulation resistance shall not be less than 10 MQ
at 500 V DC, after a recovery time of between 1 h and 2 h, as stated in Table 1319 and
Table 1320.

7.2.1301.1.3 Dielectric test

The dielectric withstand shall be performed as a test following environmental testing to ensure
that the insulation has not been over-stressed and weakened by the applied tests.
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