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Preface (UL)

This UL Standard is based on IEC Publication 61131-2: second edition Programmable Controllers — Part
2: Equipment Requirements and Tests, as revised by Corrigendum 1, March 2004. IEC publication 61131-
2 is copyrighted by the IEC.

Efforts have been made to synchronize the UL edition number with that of the corresponding IEC standard
with which this standard is harmonized. As a result, one or more UL edition numbers have been skipped to

match that

Note — Altho
responsibility

of the IEC edition number.

ndard should be submitted to UL.

gh the intended primary application of this Standard is stated in its Scope, it is important to note that
of the users of the Standard to judge its suitability for their particular purpose.

ion may be

5sion of UL.
d Tests, UL

it remains the
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NATIONAL DIFFERENCES
GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 61131-2,
Programmable Controllers — Part 2: Equipment Requirements and Tests, copyright February 2003 as
revised March 2004 are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - Thesk are National Differences based on the national regulatory requirements.

D1 - Thege are National Differences which are based on basic safety principlesyand requirements,
elimination| of which would compromise safety for consumers and users of products.

D2 - These are National Differences from IEC requirements based on existing ‘'safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IEC |or national
requirement) is not available or the text has not been included in the IEC'standard.

DC - Thege are National Differences based on the component standards and will not be deleted until a
particular gomponent standard is harmonized with the IEC component standard.

DE - Thesp are National Differences based on editorial comments or corrections.

Each natiopal difference contains a description of what‘the national difference entails. Typically one of the
following wWords is used to explain how the text of the national difference is to be applied to the base IEC
text:

Addition / Add - An addition entails)adding a complete new numbered clause, subclause, table,
figure, or annex. Addition is not meant to include adding select words to the base IEC tekt.

Modlification / Modify - A{modification is an altering of the existing base IEC text guch as the
addition, replacement or’ deletion of certain words or the replacement of an enjire clause,
subclause, table, figuré;-or annex of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause,| subclause,
table, figure, orannex without any replacement text.
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FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS - Part 2: Equipment requirements and tests

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of the 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, the IEC
publishes International Standards. 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 The IEC collaborates closely with the International Organization for
Standardizatipn (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formalldecisions or agreements of the IEC on technical matters express, as nearly as possible, an intefnationa| consensus of
opinion on th¢ relevant subjects since each technical committee has representation from all interested National'Commiftees.

3) The docurpents produced have the form of recommendations for international use and are published in the form of standards,
technical repgrts or guides and they are accepted by the National Committees in that sense.

4) In order fo promote international unification, IEC National Committees undertake Mo apply IEC Internatiopal Standards
transparently|to the maximum extent possible in their national and regional standards. Any divergence between the|IEC Standard
and the correpponding national or regional standard shall be clearly indicated in the latter:

5) The IEC prpvides no marking procedure to indicate its approval and cannot-be rendered responsible for any equipmént declared to
be in conformiity with one of its standards.

6) Attention i$ drawn to the possibility that some of the elements of this' International Standard may be the subject of patent rights.
The IEC shalllnot be held responsible for identifying any or all such(patent rights.

Internationpl Standard IEC 61131-2 has been prepared by subcommittee 65B: Devices, of IHC technical
committee|65: Industrial-process measurement and control.

This second edition of IEC 61131-2 cancels and replaces the first edition published in 1992 and constitutes
a technical[revision.

The text offthis standard is based on the following documents:

FDIS Report on voting
65B/470A/FDIS 65B/481/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.
IEC 61131 consists of the following parts under the general titte Programmable controllers:

Part 1: General information
Part 2: Equipment requirements and tests
Part 3: Programming languages

Part 4: User guidelines
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Part 5: Communications
Part 6: Reserved
Part 7: Fuzzy control programming

Part 8: Guidelines for the application and implementation of programming languages

The committee has decided that the contents of this publication will remain unchanged until 2007. At this
date, the publication will be

* replaced by a revised edition, or

* amended.
A bilingual yersion of this standard may be issued at a later date.
101DV.1 DE Addition to IEC Foreword notes:

Anpexes DVA, DVB, DVC, DVD, DVE, and DVF form an integral part of this standard.
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INTRODUCTION

This part of IEC 61131 constitutes Part 2 of a series of standards on programmable controllers and the
associated peripherals and should be read in conjunction with the other parts of the series.

Where a conflict exists between this and other IEC standards (except basic safety standards), the
provisions of this standard should be considered to govern in the area of programmable controllers and
their associated peripherals.

Compliance with Parts 1 and 2 of this standard cannot be claimed unless the requirements of 7.2 of this
part are met.

Service and physical environment requirements are specified in Clause 4. Functional requirements are
specified ih Clause 5. Electromagnetic compatibility requirements are specified in~Claus¢ 8. Safety
requirements are specified in Clause 11.

Terms of general use are defined in Part 1 of this standard. More specific terms @re) defined in each part.
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PROGRAMMABLE CONTROLLERS - Part 2: Equipment requirements

and tests

1 General

1.1 Scope and object

This Part of IEC 61131 specifies requirements and related tests for programmable controllers (PLC) and

their assogiated—periptrera -
interfaces |(HMIs), etc.) which have as their intended use the control and command of-mg
industrial processes.

an-machine
chines and

PLCs and their associated peripherals are intended to be used in an industrial environment and may be

provided als open or enclosed equipment. If a PLC or its associated peripheralsiare intende
other envifonments, then the specific requirements, standards and installation practices for
environmepts must be additionally applied to the PLC and its associated peripherals.

This standard also applies to any products performing the functieon of PLCs and/or their
peripheralg.

Equipment covered in this standard is intended for use in:overvoltage category Il (IEC 6066
voltage insftallations, where the rated mains supply voltage does not exceed a.c. 1 000 V r.m.s.
ord.c. 1500 V. (If PLCs or their associated peripheralscare applied in overvoltage category Ill i
then addifional analysis will be required to determine the suitability of the equipmen
applications.)

1.1DV DR Modification to Paragraph 4 of 1.1:

Equipment operating at more than 600 V is considered as high voltage equiy
respect to the requirements in the National Electrical Code.

This standprd does not_deal with the functional safety or other aspects of the overall automa
PLCs, theil application-programme and their associated peripherals are considered as comp
control sysfem.

Since PLds dare component devices, safety considerations for the overall automated syste

i for use in
those other

associated

4-1) in low-
(50/60 Hz),
hstallations,

for those

yment with

ed system.
pnents of a

m including

installationl.and _application are bevond the hi andard., How P

b related to

electric shock and fire hazards, electrical interference immunity and error detecting of the PLC-system
operation (such as the use of parity checking, self-testing diagnostics, etc.), are addressed. Refer to IEC

60364 or applicable national/local regulations for electrical installation and guidelines.

The object of this standard is

— to establish the definitions and identify the principal characteristics relevant to the selection and

application of PLCs and their associated peripherals;

— to specify the minimum requirements for functional, electrical, mechanical, environ
construction characteristics, service conditions, safety, EMC, user programming
applicable to PLCs and the associated peripherals.

mental and
and tests
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This Part also specifies

a) service, storage and transportation requirements for PLCs and their associated peripherals
(Clause 4);

b) functional requirements for PLCs and their associated peripherals (Clause 5);
c) EMC requirements for PLCs and their associated peripherals (Clause 8);

d) safety requirements for PLCs and their associated peripherals (Clause 11);

e)in

formation that the manufacturer is required to supply (Clauses 7. 10 and 14);

f) tept methods and procedures that are to be used for the verification of complian¢e ,of PLCs and

thei

The tests g
applied.

associated peripherals with the requirements (Clauses 6, 9, and 12).

re type tests or production routine tests, and not tests related to the,ways PLC systems are

1.1p1DV DR Addition of the following to 1.1:

1.2 Com

s equipment is intended for installation in accordance with the National Electrical Code

of this document.

liance with this standard

(NEC) for use in ordinary locations. Requirements_based on the NEC are found in Annex

When compliance with this Part of IEC 6113%is indicated without qualification, compliange with all

clauses, i
manufactu
conditions

When com
compliance
obligations
shall be a c

Compliancsg
conformity
electromag

re restricted for practical reasens.

ause, such as Clauses 5, 8 or 11.

luding all tests and verifications™ required in this part, must be verified. Moreover, the
r's obligations expressed in this’part are not waived if no type test is required, of if the test

bliance with some portion of this Part of IEC 61131 is indicated, it is only necessary to verify
with those clauses against which the compliance claim is made. The marufacturer’s
as indicated above’ are still applicable. The smallest unit of this part for complianc¢ purposes

with a(partion of this Part of IEC 61131 is provided to facilitate efforts with respect tp particular
psseSsment requirements (for example, Clause 8 as the compliance requirement [for the EU
hetic'*Compatibility directive or Clause 11 as the compliance requirement for the EU lpw-voltage

directive).

Compliance with constructional requirements and with requirements for information to be provided by the

manufacturer shall be verified by suitable examination, visual inspection and/or measurement.

All requirements not tested according to the clauses on tests and verifications shall be verifiable under a
procedure to be agreed to by the manufacturer and the user.

It is the manufacturer's responsibility to ensure that delivered PLC equipment and associated peripherals
are equivalent to the sample (s) which have been type-tested according to this Part of IEC 61131 and

therefore th

at they comply with all requirements of this part.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

JUNE 10, 2021 UL 61131-2

17

Significant modifications shall be indicated through the use of suitable revision level indexes and markings
(see 5.11 and 11.15) and shall comply with this Part of IEC 61131.

NOTE A new

type test may be required to confirm compliance.

Where the manufacturer is allowed to select among several options, he shall clearly specify in his
catalogues and/or datasheets those to which any portion of the PLC-system equipment complies. This
applies to severity classes of voltage drops (i.e. PS1 or PS2) and types of digital inputs (i.e. Type 1 or Type

3).

1.2DV DR Modification to Clause 1.2:

Tl-jis clause is considered informative.

1.3 Normative references

The follow,
references
document

IEC 60068
Environme

IEC 60068
Environme

IEC 60068
Environme

IEC 60068
Environme

IEC 60068
Environme

IEC 60068
Environme

IEC 60068

ng referenced documents are indispensable for the applicationCof this document
only the edition cited applies. For undated references, the latest edition of the
including any amendments) applies.

-2-1:1990,
ntal testing — Part 2: Tests — Tests A: Cold

12-2:1974,
ntal testing — Part 2: Tests — Tests B: Dry-heat

12-6:1995,
htal testing — Part 2: Tests — Test-Fc: Vibration (sinusoidal)

12-14:1984,
ntal testing — Part 2: Tests + Test N: Change of temperature

12-27:1987,
ntal testing — Part2: Tests — Test Ea and guidance: Shock

12-30:1980,
ntal testing — Part 2: Tests — Test Db and guidance: Damp heat, cyclic (12 + 12-hour

12-31:1969,

For dated
referenced

cycle)

Environmental testing — Part 2: Tests — Test Ec: Drop and topple, primarily for equipment-type specimens

IEC 60068-2-32:1975,
Environmental testing — Part 2: Tests — Test Ed: Free fall (Procedure 1)

IEC 60364

(all parts),

Electrical installations of buildings

IEC 60417

(all parts),

Graphical symbols for use on equipment

IEC 60529

11989,

Degrees of protection provided by enclosures (IP Code)
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IEC 60664-

1:1992,

Insulation coordination for equipment within low-voltage systems — Part 1: Principles, requirements and

tests

IEC 60664-

3:1992,

Insulation coordination for equipment within low-voltage systems — Part 3: Use of coatings to achieve
insulation coordination of printed board assemblies

IEC 60695-2-1 (all sheets),
Fire hazard testing — Part 2: Test methods — Section 1: Glow-wire test and methods

IEC 60707:
Flammabili

IEC 60947
Low-voltag
Electromed

IEC 60947
Low-voltag
conductors

IEC 609504
Information

IEC 61000-
Electromag
discharge i

IEC 61000-
Electromag
frequency 6

IEC 610004
Electromag
fast transie

IEC 61000-
Electromag
test

1999,

y of solid non-metallic materials when exposed to flame sources — List of test metho
5-1:1997,

b switchgear and controlgear — Part 5-1: Control circuit devices and switching ¢
hanical control circuit devices

7-1:2002,

b swifchgear and controlgear — Part 7-1: Ancillary equipment — Terminal blocks
1:2001,

technology equipment — Safety — Part 1: Generalrequirements

4-2:1995,

netic compatibility (EMC) — Part 4-2: esting and measurement techniques — E

mmunity test

4-3:2002,

netic compatibility (EMC) —@Part 4-3: Testing and measurement techniques — Radi
lectromagnetic field imniunity test

4-4:1995,

netic compatibility-(EMC) — Part 4: Testing and measurement techniques — Section 4
nt/burst immunity test

4-5:1995,

neticscompatibility (EMC) — Part 4-5: Testing and measurement techniques — Surg

/s

blements —

for copper

ectrostatic

ated radio-

: Electrical

e immunity

IEC 61000-4-6:1996,
Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques — Immunity to
conducted disturbances induced by radio-frequency fields

IEC 61000-4-8:1993,
Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement techniques — Power frequency
magnetic field immunity test

IEC 61000-4-12:1995,
Electromagnetic compatibility (EMC) — Part 4-12: Testing and measurement techniques — Oscillatory
waves immunity test
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IEC 61010-1:2001,
Safety requirements for electrical equipment for measurement, control, and laboratory use — Part 1:
General requirements

CISPR 11:1999,
Industrial, scientific and medical (ISM) radio-frequency equipment — Electromagnetic disturbance
characteristics — Limits and methods of measurement

CISPR 16-1:1999,
Specification for radio disturbance and immunity measuring apparatus and methods — Part 1: Radio
disturbance and immunity measuring apparatus

CISPR 16:1999,
Specification for radio disturbance and immunity measuring apparatus and methods —‘Part 2:|Methods of
measuremgnt of disturbances and immunity

1.102DV D2 Additions to 1.3:

1.102DV.1 A component of a product covered by this standard,shall comply with the
requirements for that component. See Annex DVB for a list of standards covering
components used in the products covered by this standard.

1.102DV.2 A component is not required to comply‘with a specific requirement thdt:

a) Involves a feature or characteristic not'required in the application of the
component in the product covered by this standard, or

b) Is superseded by a requirement in this standard.

1.102DV.3 A component shall be tised in accordance with its rating established for the
infended conditions of use.

1.102DV.4 Specific components are incomplete in construction features or restri¢ted in
}Yormance capabilities. Such components are intended for use only under limited
|

0T

ditions, such as certain temperatures not exceeding specified limits, and shalll be used

only under those specific conditions.

1.102DV.5-See Annex DVC for Normative References that replace IEC Normative
References.

2 Type tests

The object of this clause is to define how to verify compliance of the PLC and the associated peripherals
with the requirements set forth in this part of IEC 61131. This compliance verification includes

— verification by type tests given in Clauses 6, 9 and 12,

— verification by suitable examination, visual inspection or/and measurement.

These tests are qualification tests, and not tests related to the ways PLCs are employed. According to the
scope of this standard, the above compliance verification may not cover the verification of the ability of the
PLC-system to satisfy the intended automated system requirements. Where needed, special tests, not
covered by this standard, shall be agreed to by the manufacturer and the user.
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In addition,

routine tests are specified in Clause 13.

NOTE Peripherals, used in the same environment as the PLC-system, must meet the same requirements as the PLC-system.

2DV D2 Modification to Clause 2:

Th

21

PLC-systems span the range from stand-alone products to modular designs; this leads, 'te

is clause and all its subclauses are informative.

Equipment to be tested (equipment under test/EUT)

variety of user-built actual PLC-system configurations. For obvious practical reasons, in Mmost
tests canngt be conducted on EUT identical to user-built PLC-systems, and engineering judigement is

necessary. [Therefore, the manufacturer is required to define the EUTs and document’the cor

test plan and test programmes to meet the following principles.

Combination of tests/EUTs/test programmes shall be such that one mayreasonably thin
configuratign built by the user according to the manufacturer's specifications and installation i

would passd| satisfactorily the same tests, and will properly function in ‘anormal operation, which
are intendef to reflect.

Unless oth

the objectiv

rwise specified in this standard, the manufacturerimay elect to use various EUTs
es of a given type test.

an infinite
cases type

esponding

k that any
hstructions
hese tests

to achieve

If an EUT fepresenting a basic PLC or a remote }/Os (RIOS) is of modular structure, it shall fulfil the
following mjnimum requirement.

All types offmodules shall be represented in-1 or several EUT configurations in which any mix pf modules
is permissihle.

All types of[modules shall be configlred in the EUTs and tested at least once.

NOTE It may lpe appropriate to consider statistical criteria based on samples, for a large number of I/Os (for example, >100).

If there are oo many fanmilies to be included into a single EUT, the manufacturer will define sevefal EUTs.

— Fq

and
the
the

manufacturer may elect to include in the basic PLC-system only 1 arbitrarily chosen

r the type test of a family with very similar modules (i.e. modules using the same|
basic'manufacturing and differing mainly by, for example, the number of inputs an

schematic
d outputs),
member of

family member may not be used.

amily. If the type test is dependent on the differences between the modules, then a single

— Appropriate catalogued options, such as power supply units, application memory(ies), processing
unit(s) etc. shall be used to build the relevant EUT(s).

— If a local bus extension is part of the PLC-system and if its maximum cable length cable is less
than, or equal to, 3 m, it is considered to be an internal PLC bus. As such, it should not be
considered a port for test.

— If a local bus extension is part of the PLC-system and is capable of driving cables with a length of
>3 m, then only 1 end of the link is part of the EUT and it is considered as a communication port.
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When new units/modules are introduced after initial release of a PLC-system catalogue, which has already
been satisfactorily tested according to this standard, EUT (s) simpler than those originally used can be
defined. This is only permissible if such EUTs and the associated test programmes provided by the
manufacturer allow proper verification as if these new units/modules had been tested within the originally
tested EUTSs.

Unless otherwise specified in this standard, the manufacturer may elect either that each type test be
conducted on a new EUT or that several type tests be performed successively on the same EUT.

Certain tests can be easily targeted at a single item, others are more appropriate to a set of items
configured together. Equipment to be tested must reflect this need. See specific test clauses for
recommengdations for EUTs.

2.2 Spedjial features for immunity and EMC tests

Figure 1

EUT configurations

Mains Control T;‘;?; Seg:grs
Lﬂetarcfs;: eg hd Poer power devioes actuators

| A
signals
F J § Be Cond D Interfaces/ports
v
7

7 % 702 % W
Iy 4
Interfdces/ports  E Be § A'E K E F Eg Ar

Local extension
Y bus <3m
V V v
EUT A [Local extension EOX EUT D EUT F Local extensiof
bus Local Auxili bus .
Locql ~ oca uxihary Remote Bagic
extendion @ BF(’JI_S(IZC extension rack power supply 1/0 @ rembte
rac <3m extension [<3m| I/P
EUTB Y EUTE V
Limit of {he scope PADT HMI

of this sfandard

$4857

Each subpart of the PLC-system as shown in Figure 2 may constitute an EUT represented in Figure 1 as
EUT A, B, C, D, E and/or F. To exercise the different ports of each EUT, the manufacturer may define
subsystems and the different EUTs are tested in turn.

Only 1 subsystem is under test at any time, the others being considered as auxiliary equipment.

For instance, to achieve a given test on the EUT A, equipment of the other EUTs may be connected but
are not in the test bed.
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For example, to check the electrical interference immunity of the PLC-system, the manufacturer may
choose between the following, as applicable:

— to build a single global EUT including the PADT/TE/RIOSs, and check the whole configuration; or

— to define a suite of simpler EUTs (for example, a PLC-system without any PADT/TE/RIOS, and a
single PADT and a single RIOS and a single PADT and a single TE, or any other suite of partial
combinations of them which make sense) but correspondingly exercise the appropriate ports of
each EUT with an equipment part of the test bed (the laboratory equipment necessary to test the
EUT) as would do the missing PADT/TE/RIOSs. For practical reasons, the manufacturer may elect
to use actual PADTs/TEs/RIOSs to exercise the EUT ports.

At least 1 ch each type or a representative number of 1/O ports of the EUT must be connhec

functional.

A selection
functions of

2.3 Withstand test conditions

In general,

the PLC can be tested.

the module which is in the manufacturer’s catalogue, should be tested alone, prg

ed and be

of the representative functional modes shall be made considering that.only the most typical

viding that

mixing sevgral modules does not affect the result of the test. Referdo those clauses dealing with withstand

tests for sp
2.4 Verifi
Type tests s
For each te
—spl
—pr

tem

The appro
manufactur

cifics.

Cation procedure

hall be conducted on the EUT(s) defined in 2.1, unless otherwise specified.
5t, the manufacturer shall

ecify how this configuration shall be installed and externally connected,;
bvide the suitable test programmes which shall be run during the test;

pvide the proper ©peration verification procedure including the way to measure ac
porary deviations of analogue 1/Os.

briate  test. programmes and proper functioning verification procedures provid
er shallsatisfy the requirements given in 2.5.

curacy and

ed by the

2.5 Requ
be provide

d by the manufacturer

During the type tests, there shall be no

— destruction of hardware, unless required by the test;

rements for test programmes and proper functioning verification procedures (PFVPs) to

— modification of the operating system and test programmes and/or alteration of their execution;

—un

intended modification of system and application data stored or exchanged;

— erratic or unintended behaviour of the EUT;

— deviation of the analogue I/Os out of the limits specified in item 4 of 7.10.2 and item 3 of 7.11.2.
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All relevant functions and parts of the EUT (i.e. units and modules) shall be functioning in such a way that
the information paths to/from these functions and parts are exercised.

All the I/0 and communication channels of the EUT shall be exercised.

NOTE It is acceptable to apply statistical criteria based on samples, for large number of I/Os, etc. (for example, >100).

All external and internal product status information reporting means, such as displays, lamps, alarm
signals, self-test result registers, shall be exercised. The test procedures shall include conditions to verify

the related

activities.

All various|
shut-down
applicable,

Initializatio
shut-down
and behav

Any specis
basic PLCA

2.6 Gengdral conditions for tests

The tests S

PLC-system operation modes significant for the user's implementation such as. s

cold/warm/hot restart, “normal run”, “normal stop”, “programme/monitor with-PAD
shall be verified for performance and behaviour.

h and reset conditions of all system components shall be checked for, controlled s

The various modes, such as “run”, “programme”, “monitor”, shall be Verified for pj
our.

| feature/performance not covered in this standard but necessary for the proper ope
system shall be exercised and tested.

hall be carried out in accordance with the appropriate test procedure.

tart-up and
[s”, etc., as

tart-up and
erformance

ation of the

The tests [shall be carried out under the general test conditions given in Table 1, unles$ otherwise
specified.
Unless otherwise specified, no sequence isimposed for type tests.
Table 1
General conditions for tests
Test conditions
Mains power supply Rated voltage and frequency
Temperature 15°Cto35°C
Relative humidity <75%
Barometric pressure 86 kPa to 106 kPa (650 mm Hg to 800 mn| Hg)
Output loads Outputs loaded to rated load
Pollution Pollution degree 2

3 Terms and definitions

For the purposes of this Part of IEC 61131, the following terms and definitions, in addition to those given in
IEC 61131-1, apply.

3.1 analogue input: device which converts a continuous signal to a discretely valued multi-bit binary
number, for use by the PLC-system
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3.2
continuous

signal

analogue output: device which converts a multi-bit binary number from the PLC-system to a

3.3 accessible: able to be touched by the jointed test finger or test pin, when installed as intended. See
12.1.2,12.1.3 and Annex C

3.4 basic PLC (-system): configuration which consists, at a minimum, of a processing unit, power

supply and

I/O. See Figure 2.

3.5 battery: electrochemical energy source which may be rechargeable or non-rechargeable

3.6 clearince: shortest distance in air between two conductive parts

[IEC 60664}

3.7 coati
creepage d
that the en

NOTE Coatin
and/or creepd
atmosphere, i

3.8 comy
withstands

[[EC 60112

3.9 creey
conductive

[IEV 60151

3.10 curr

1]

hg, protective: covering of suitable insulating material that encloses the cleara
stance of the printed wiring board and conforms to the surface of the'board in such

is normally applied to exclude the effects of atmosphere and to increase the dielectric properties of
ge distances that would not normally be adequate without ceating. A less effective coating may
ut cannot be relied on to enhance the dielectric properties.

arative tracking index (CTI): numerical valug’/of the maximum voltage at which
60 drops of NH,4Cl solution (ammonia chloride) without tracking.

age distance: shortest distance’ along the surface of the insulating material be
parts

15-50]

bnt sinking: property of receiving current

3.11 curr

3.12 digifal input, type 1: device for sensing signals from mechanical contact switching de

nt sourcing: property of supplying current.

hce and/or
a manner

ironment is excluded and the clearance and/or creepage distanée can withstand the required
impulse andgl continuous potential

he clearance
exclude the

a material

tween two

ices, such

as relay cgntacts, push-buttons, switches, etc. Converts an essentially two-state signal to i single-bit

binary number

NOTE Type 1 digital inputs may not be suitable for use with solid-state devices such as sensors, proximity switches, etc.

3.13 digital input, type 2: device for sensing signals from solid-state switching devices such as 2-wire
proximity switches. Converts an essentially 2-state signal to a single-bit binary number

NOTE 1 Two-wire proximity switches described here are designed to IEC 60947-5-2.

NOTE 2 This class could also be used for Type 1 or Type 3 applications.

3.14 digital input, type 3: device for sensing signals from solid-state switching devices such as 2-wire
proximity switches. Converts an essentially 2-state signal to a single-bit binary number
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NOTE 1 This class could also be used for Type 1 applications.

NOTE 2 Type 3 digital inputs offer lower power characteristics then Type 2 digital inputs. Generally, this allows much higher input
channel densities per module or product. Type 3 differs from Type 2 in that it is compatible with those IEC 60947-5-2 devices that
offer low current in the off state. See Table 7 for details of operating ranges. Proximity switch compatibility is such that a high
percentage of proximity switches having Type 2 compatibility will also have Type 3 compatibility.

3.15 digital output: device which converts a single-bit binary number to a 2-state signal

3.16 earth: conducting mass of the Earth, whose electric potential at any point is conventionally taken as
zero

3.17 EMC (electromagnetic compatibility): ability of an equipment or system to function.gatisfactorily
in its ele¢tromagnetic environment without introducing intolerable electromagneticCdistupbances to
anything in that environment
[IEV 60161-01-07]

3.18 enclosed equipment: equipment which is enclosed on all sides with-the possible exception of its
mounting gurface to prevent personnel from accidentally touching live_orvmoving parts contained therein
and to prptect the equipment against ingress of medium-size ‘solid foreign bodies, apd meeting
requirements of mechanical strength, flammability, and stability (where applicable). Protecfion degree
must be = P20
3.19 encjosure: housing affording the type and degree. of\protection suitable for the intended[application

[IEV 60198-02-35]

3.20 equipment class: class numbers desighate the means by which electric shock protection is
maintained in normal condition and single-fault conditions of the installed equipment

[IEC 61140]

3.21 eqyipment under test(EUT): representative configuration (s), as defined by the manufacturer,
used for type tests (see Clayse'2)

3.22 extgrnal wiring:.wifing of the PLC-system equipment, which is installed by the user

3.23 field wiring:-éxternal wiring

3.24 functional earthing conductor: conductor that is in electrical contact with _for examplé, Earth, for

purposes of interference immunity improvement

3.25 hand-held equipment: equipment which is intended to be held in one hand while being operated
with the other hand

3.26 hazardous live: capable of rendering an electric shock or electric burn in normal condition or
single-fault condition.

NOTE See 11.1.1.1 for values applicable to normal condition and 11.1.1.2 for the values applicable to single-fault condition.

3.27 immunity (to a disturbance): ability of a device, equipment or system to perform without
degradation in the presence of an electromagnetic disturbance
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[IEV 60161-

01-20]

NOTE Not used exclusively to refer to EMC in this standard. It may also refer, for example, to vibration, humidity, etc.

immunity type test (immunity test): type test verifying that the basic PLC-system operation is not

altered by the application of specified influencing quantities that are intended to approximate normal

3.28
operation
3.29 insu

lation:

NOTE 1 Insulation can be a solid, a liquid, a gas (for example, air), or any combination. [IEV 60151-03-30]

NOTE 2 (To) irlsulate — To prevent conduction between separate conductive bodies. [IEV 60151-03-28]

NOTE 3 (To) i
To provide (byj

3.29.1 b3
electric sho

[IEV 60195

NOTE This co
insulation.

3.29.2 do|
[IEV 60195

3.29.3
against ele

NOTE Reinfor]
[IEV 60195

3.294 su
protection

[IEV 60195

3.30

reinforced insulation: insulation of hazardous live parts which provides a degree of

olate — To disconnect completely a device or circuit from other devices or circuits.

separation) a specified degree of protection from any live circuit. [IEV 60151-03-29]

sic insulation: insulation of hazardous live parts, which provides basic protecti
ck under fault-free conditions

06-06 and IEV 60195-06-01]

hcept does not apply to insulation used exclusively for functionab purposes. Such insulation is referred tq

uble insulation: insulation comprising both basic insulation and supplementary insu

06-08]

btric shock equivalent to deuble insulation

Ced insulation may comprise several layers which cannot be tested singly as basic or supplementary insu
06-09]

pplementary insulation: independent insulation applied in addition to basic insulati

on against

as functional

lation

protection

ation.

bn, for fault

06-07]

a system, through which information or electrical energy is conveyed

3.31

manufacturer

3.32

3.33
neutral con

ductor, but by convention not a PEN conductor or PEM conductor or PEL conductor

NOTE 1 This concept does not necessarily imply a risk of electric shock. [IEV 60195-02-19]

interface: shared boundary between a considered system and another system, or between parts of

internal wiring: wiring which is inside the PLC-system equipment, which is installed by the

isolated (devices, circuits): devices or circuits without galvanic connection between them

live part: conductor or conductive part intended to be energized in normal operation, including a
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NOTE 2 PEN conductor — conductor combining the functions of both a protective earthing conductor and a neutral conductor. [IEV
60195-02-12]

NOTE 3 PEM conductor — conductor combining the functions of a protective earthing conductor and a mid-point conductor. [IEV
60195-02-13]

NOTE 4 PEL conductor — conductor combining the functions of both a protective earthing conductor and a line conductor. [IEV
60195-02-14]

[IEV 60195-02-19]

3.34 majns_power supply: power from the conductors/mains of the permanent installation of the
building atthe supply voltage to the PLC-system

3.35 material group: classification of insulating materials in terms of comparative_tracking [index (CTI)
range (see|11.4.3)

3.36 micyo-environment: ambient conditions which surround the clearance.or creepage disfance being
reviewed

NOTE The mjcro-environment of the clearance or creepage distance and not the envirénment of the equipment deternfines the effect
of the insulafion. The micro-environment may be better or worse than the enviroiment of the equipment. It inclugles all factors
influencing the insulation, such as climatic, electromagnetic, pollution, etc. (IEC 60664).

3.37 module: part of the PLC-system containing an identified function(s) (MPU, analogue [input, etc.),
which may|plug into a backplane or base

3.38 multi-channel module: module containing multiple input and/or output signal interfaces. These
signal inteffaces could be isolated or not isolated;from each other

3.39 normal use: operation, including stand-by, according to the instructions for use or for the obvious
intended pprpose

NOTE Normdl service conditions are stated in-Clause 4.

3.40 normal condition: condition in which all means for protection against hazards are intgct that is, a
fault-free cpndition

3.41 op€n equipment: equipment that may have live electrical parts accessible, for example, a main
processing unit._©pen equipment is to be incorporated into other assemblies manufactured to provide
safety

3.42 operator: person commanding and monitoring a machine or process through an HMI connected to
the PLC. The operator does not change the PLC hardware configuration, software or the application
programme. A PLC is not intended for use by untrained personnel. The operator is assumed to be aware
of the general hazards in an industrial environment

3.43 overvoltage category (of a circuit or within an electrical system): classification based on
limiting (or controlling) the values of prospective transient overvoltages occurring in a circuit (or within an
electrical system having different nominal voltages) and depending upon the means employed to influence
the overvoltages.

[IEC 60664-1]
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NOTE 1 In an electrical system, the transition from 1 overvoltage category to another of lower category is obtained through
appropriate means complying with interface requirements. These interface requirements may be an overvoltage protective device or
a series-shunt impedance arrangement capable of dissipating, absorbing, or diverting the energy in the associated surge current, to
lower the transient overvoltage value to that of the desired lower overvoltage category.

NOTE 2 Equipment covered in this standard is intended for use in overvoltage category II.

3.44 permanent installation: portion of the PLC-system which is required to perform the intended
application function

NOTE See Annex A.

3.45 pollhtion degree (in the micro-environment): for the purpose of evaluating clearpnces and
creepage djstances, 3 degrees of pollution in the micro-environment are established

NOTE 1 The gonductivity of a polluted insulation is due to the deposition of foreign matter and moisture.

NOTE 2 The minimum clearances given for pollution degrees 2 and 3 are based on experience ratherthan on fundamental data.
3.45.1 pojlution degree 1: no pollution or only dry, non-conductive pollution occurs. The pollution has no
influence

3.45.2 pqliution degree 2: normally, only non-conductive pelldtion occurs. Occasionally, however, a
temporary ¢onductivity caused by condensation must be expected

3.45.3 pdllution degree 3: conductive pollution occurs,or dry, non-conductive pollution occurs which
becomes conductive due to condensation, which is expected

3.46 port|interface

NOTE Most cgmmonly used with respect to EMC.

3.47 porrtrrble equipment: enclosed\equipment that is moved while in operation or which cap easily be
moved fron} one place to another while connected to the supply

NOTE Examples are programming.and debugging tools (PADTs) and test equipment (TE).

3.48 protective conductor: conductor provided for purposes of safety, for example, protectjon against
electric shock

[IEV 60195{02-09]

3.49 protective extra-low voltage (PELV) circuit: electrical circuit in which the voltage cannot exceed
a.c. 30 Vr.m.s., 42,4 V peak or d.c. 60 V in normal and single-fault condition, except earth faults in other
circuits.

A PELYV circuit is similar to an SELV circuit that is connected to protective earth

3.50 protective impedance: single component regarded as fault-free, a combination of components, or
a combination of basic insulation and a current- or voltage-limiting device, the impedance, construction
and reliability of which are such that when connected between parts which are hazardous live and
accessible conductive parts, it provides protection to the extent required by this standard in normal and
single-fault condition


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

JUNE 10, 2021 UL 61131-2 29

3.51 recurring peak voltage: peak value of a generated voltage whose characteristic is recurring at
some specified period

3.52 routine test: conformity test made on each individual item during or after manufacture
[IEV 60151-16-17]

3.53 safety extra-low voltage circuit (SELV circuit): electrical circuit in which the voltage cannot
exceed a.c. 30 Vr.m.s., 42,4V peak or d.c. 60 V in normal and single-fault condition, including earth faults
in other circuits.

An SELV ¢jrcuit is not connected to protective earth

3.54 seryice personnel: person changing or repairing the PLC hardware configuration.or the application
programme

The servicg person may also install software updates provided by the manufacturer. They are assumed to
be trained |n the programming and operation of the PLC equipment and its use.

They are persons having the appropriate technical training and experiences necessary to e aware of
hazards —|in particular, electrical hazards — to which they are’,exposed in performing a fask and of
measures {o minimize danger to themselves or to other persons or to the equipment.

3.55 totdl output current (of an output module): current that a multi-channel module operfating at the
most adverse combination of normal operation can supply without any part of it (insulation, terminals,
exposed cpnductive parts, etc.) exceeding the specified temperature limits

NOTE For a multi-channel module, the total output currentisenerally less than the sum of the output currents of the channels.
3.56 type test: conformity test made on one or more items representative of the production
[IEV 60151-16-16]

3.57 unif integral assembly\(which may consist of modules plugged in or otherwise connected within the
assembly)[connected to ather units within the system by means of cables for permanently ingtalled units
and cabled or other means for portable units

3.58 withstand type test (withstand test): type test verifying that the application of njore severe
influencing quantities to the basic PLC system does not impair its ability to assume its intended|mission

3.59 working voltage: highest value of the a.c. (r.m.s) or d.c. voltage across any particular insulation
which can occur when the equipment is supplied at rated voltage (U,)

Transients are disregarded.
Both open-circuit conditions and normal use are taken into account.
4 Normal service conditions and requirements

It is the user's responsibility to ensure that the equipment service conditions are not exceeded. The PLC
and PLC-system is intended to be used in an industrial environment.
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The user must ensure the installation conditions match the environmental conditions given in this

standard.

41

Climatic conditions and requirements

4.1.1 Operating ambient air temperature

The equipment shall be suitable for the operating temperature ranges given by the following Table 2.

Table 2
Operating ambient air temperature of PLC-systems
Enclosed equipment
(ventilated/non-ventilated)
Ten:zﬁgaeture Type of limit Open equipment
Permanent installation Non-permanent Permanent jnstallation
installation
Max. 40°C 40°C 55FC
Min. 5°C 5°€ 5{C
Average Max. 35°C 35°C 50fC
temperature pver
24 h
For enclosgd non-ventilated equipment that is cooled by natural air convection, the equipment ambient air
temperaturg is the room temperature 1 m away from the“surface of the enclosure on a horizpntal plane
located at the vertical mid-point of the enclosure.

For enclos
incoming ai

For open equipment, the ambient air temperature is the temperature of the incoming air immedi

the equipm

No forced ¢
as part of th

Some type

enclosed characteristics.

ed ventilated equipment, the equipment ambient temperature is the temperat
g

bnt.

xternal cooling is-assumed. Open peripherals, which are intended to be permanen
e PLC-systemshall meet the operating temperature range of the PLC.

5 of equipment (for example, panel-mounted HMI, etc.) can use a combination of

ure of the

htely below

ly installed

open and

Requireme

hts_of this subclause are verified in accordance with 6.1.1 and 6.1.2.

41

1DV D2 Modification to 4.1.1:

The equipment shall be suitable for operating in a temperature range from 5°C to 25°C for
both open and enclosed equipment and shall be marked in accordance with Table
11.15DV.1.1.

4.1.2 Relative humidity

The equipment shall be suitable for a relative humidity level from 10 % to 95 %, noncondensing.

Requirements of this subclause are verified in accordance with 6.1.3.
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4.1.2DV D2 Modification to 4.1.2:

This clause is informative.

4.1.3 Altitude

The equipment shall be suitable for operation up to 2 000 m.

No test required.

414 Po‘lution degree

Where not|otherwise specified by the manufacturer the equipment is designed for use in pollution degree

2.

4.2 Mechanical service conditions and requirements

Vibration,

For the purpose of this standard, the service conditions “are indirectly defined by th
requirements which apply to fixed equipment as well as to-Unpackaged portable and handheld

shock and free-fall conditions vary widely depending on the installation and environment and are
very difficult to specify.

e following
equipment

(see excepltions in 4.2.2). They do not apply to equipment.containing assemblies other than PLC-systems
and/or asspciated peripherals.
Experiencg shows that equipment meeting these-requirements is suitable for industrial use op stationary
installationp.
Fixed equipment is that which is part of the permanent installation.

4.2DV D2 Modification to 4:2:

This clause and jts.subclauses are informative.
4.21 Vibrations
Immunity requirements are:

Table 3
Sinusoidal vibrations service conditions for PLC-systems
Frequency range
Hz Continuous Occasional
5<f<9 1,75 mm amplitude 3,5 mm amplitude
9<f=<150 0,5 g constant acceleration 1,0 g constant acceleration

Vibration is applicable to each 3 mutually perpendicular axes.
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The manufacturer shall specify the method of mounting portable and hand-held peripherals on the test
equipment.

Requirements of this subclause are verified in accordance with 6.2.1.
4.2.2 Shock

Immunity requirements are occasional excursions to 15 g, 11 ms, half-sine, in each of 3 mutually
perpendicular axes.

Devices co qmining CRTs are excluded fram this reg lirement

Electromechanical relays may temporarily respond to 15 g shocks. Temporary malfunctioning| is allowed
during the test, but equipment should be fully functional after the test.

Requirements of this subclause are verified in accordance with 6.2.2.
4.2.3 Free falls (portable and hand-held equipment)

Immunity rgquirements for free falls are:

Table 4
Free fall on concrete floor for portable:and hand-held equipment
Portable and hand-held Hand-held
) ) . . . Normative jtems

(any weight) (withstand) (any weight) (immunity)
Random drops - 1 000 mm; 2 trials (1), (2), {4)
Flat drops 100 mm; 2 trials - (1), (4
Supported dijops 30° or 100 mm; 2 trials - (1), (3), {4)

(1) Caution: femporary malfunctioning is allowed at the impact, but equipment shall be fully functional after the test. Therefore, if
equipment isloperating during the fall, erroneous operation could be introduced upon impact which may require operatpr
correction.

(2) From pregcribed altitude (normal position of use) Table 17.
(3) See Tablg 17.

(4) Random @irops are drops\on any edge, surface or corner. Flat drops are only on surfaces. Supported drops are only on edges.

Requirements of this subclause are verified in accordance with 6.2.3.

4.3 Transport and storage conditions and requirements
The following requirements apply to PLC units placed within manufacturer's original packaging.
Transport and storage of unpackaged portable equipment should not exceed the requirements of 4.2.

When components are included in the equipment that have particular limitations (for example, CMOS
components, batteries, etc.), the manufacturer shall specify the arrangements to be made for transport
and storage.

4.3DV D2 Modification to 4.3:

This clause and its subclauses are informative.
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4.3.1 Temperature

The allowable temperature range is -40 °C to +70 °C.

The temperature range -25 °C to +70 °C is acceptable, but is not recommended for future designs.
Requirements of this subclause are verified in accordance with 6.1.1.

The relative humidity range is 10 % to 95 %, non-condensing.

4.3.2 Relative humidity

The relative humidity range is 10 % to 95 %, non-condensing.
Requiremgnts of this subclause are verified in accordance with 6.1.3.
4.3.3 Altijtude

The design atmospheric pressure for transportation shall be equivalent to 0-3 000 m altitude (minimum 70
kPa).

No test required.
4.3.4 Frege falls (PLC units in manufacturer's original packaging)

Withstand fequirements for PLC units within manufacturer's original packaging are given in Table 5 below.
After the tgst, they shall be fully functional‘and shall show no evidence of physical damage.

Free fall on‘concrete floor inT;gEu?acturer’s original packaging
Shipping weight with Random free-fall height
packaging mm
kg With shipping package With product package Number of falls
<10 1000 300 5
10.t0*40 500 300 5
>0 250 250 5

Requirements of this subclause are verified in accordance with 6.2.4.
4.3.5 Other conditions
The user should reach agreement with the manufacturer for any mechanical conditions that are not

specified in this standard. This may include items such as extra-low temperature storage, higher altitude
transportation, etc.
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4.4 Electrical service conditions and requirements

4.4DV D2 Modification to 4.4:

Thi

s clause and its subclauses are informative.

441 AC and d.c. mains power supply

Refer to 5.1.1.

44.2 OervoItage category, control of transient overvoltages

The nature

Transient g
exceed oveg
for basic in
energy in th

4.4.3 Non

In the indug
a result of
phase syst
Upeax)- The
interposing

of the installation shall be such that overvoltage category Il conditions shalhnot be e

vervoltages at the point of connection to the mains power supplyrshall be contrg
rvoltage category I, i.e. not higher than the impulse voltage corresponding to the ra
sulation. The equipment or the transient suppression means shallbe capable of ab
e transient.

-periodic overvoltages
trial environment, non-periodic overvoltage peaks may appear on mains power sup
em). This will cause high current pulses at’relatively low voltage levels (approxi

user shall take the necessary steps to_prevent damage to the PLC-system (for e
a transformer).

4.5 Special conditions and requirements

When the {
environmer
particles, V
consulted t

ervice conditions are more severe than those given in 4.1, 4.2, 4.3 and 4.4 or oth
tal conditions exist (for“example, air pollution by dust, smoke, corrosive or

apours or salts, attack by fungi, insects or small animals), the manufacturer
p determine suitability of the equipment or the steps to be taken.

4.5DV D2 Modification to 4.5:

This clause’and its subclauses are informative.

ceeded.

lled not to
ed voltage
sorbing the

ply lines as

power interruptions to high-energy equipment:\(for example, blown fuse on 1 bramch in a 3-

mately 2 x
kKample, by

er adverse
radioactive
should be

5 Functional requirements

A typical PLC-system and its interfaces/ports are shown in Figure 2.
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Figure 2
Typical interface/port diagram of a PLC-system

Peripherals
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Al c <« 1/0 power interface/port
. —_ Basic PLC J D,
Input C J E » Communication signals interface/port
module(s) J‘| —| <« it third-porly devices
D (computers, printers, fieldbus, elc.)
J 3
M«emory —F| ‘ Mains power inpul interface/port
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Lirit.'of* the scope of this standard Interfaced devices and signals
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Key
Al Communication interface/port for local I/O

Ar Communjcation interface/port for remote 1/0O station

Be Open communication interface/port also open to third-party devices (for example, personal computer used for programming
instead of a|PADT) T

Bi Internal communication interface/port for peripherals

C Interface/port for digital and analogue input signals

D Interface/port for digital and analogue output signals

E Serial or parallel communication interfaces/ports for data communication with third-party devices

F Mains-power interface/port. Devices with F ports have requirements on keeping downstream devices intelligent during power
up, power down and power interruptions.

G Port for protective earthing
H Port for functional earthing
J 1/0 power interface/port used to power sensors and actuators.

K Aucxiliary power output interface/port
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5DV D2 Modification to 5:

This clause and its subclauses are informative.

5.1 Functional power supply and memory back-up requirements
5.1.1 AC and d.c. power supply

Requirements of this subclause are verified in accordance with 6.3.1, 6.3.2 and 6.3.3.

5111 thed values and operating ranges

Incoming ppwer supplies to the PLC-system and to the externally powered I/O modules shall b¢ as shown
in Table 6.

Table 6
Rated values and operating ranges of incoming power supply

Voltage Frequency Recommended use (R) Normative
Rated Tolerance Rated Tolerance Power supply I/O signals items and note
(Ue) (min./max.) (Fp) (min./mas.) (5) (3)
DC 24V R R (1)
DC 48V -15 %/+20 % R R (1), (2)
DC 125 — - -
AC 24 Vr.m|s. - - (Note)
AC 48 Vr.mls. - - (Note)
AC 100 Vr.n.s. R R -
AC 110V r.n}.s. R R _
AC 120 Vr.n.s. -15 %/+10 % 50 Hz-or 60 Hz -6 %/+4 % R R (Note)
AC 200 Vr.n.s. R R -
AC 230 Vr.n.s. R R (Note)
AC 240 Vr.n.s. R R -
AC 400 Vr.n.s. R - (Note), (4)

(1) In additiop to the veltage tolerances, a total a.c. component having a peak value of 5 % of the rated voltage is allowgd. The
absolute limifs are d.c:*30/19,2 V for d.c. 24 Vand d.c. 60/38,4 V for d.c. 48 V.

(2) See Note|5.of Table 7 if Type 2 digital inputs are likely to be used.

(3) For incoming voltages other than those given in the table such as d.c. 110 V etc., the tolerances given in the table and Note 1
apply. These voltage tolerances shall be used to calculate the input limits of Table 7, using the equations in Annex B.

(4) Three-phase supply.
(5) For power supplies for analogue I/Os, see item 5 of 7.10.3 and item 3 of 7.11.3.

NOTE The rated voltages are derived from IEC 60038.

Requirements of this subclause are verified in accordance with 6.3.1.
5.1.1.2 Voltage harmonics

AC voltage is in terms of the total r.m.s. voltage values measured at the point of entry to the equipment.
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Total r.m.s. content of true harmonics (integral multiple of nominal frequency) less than 10 times nominal
frequency may reach 10 % of the total voltage. Harmonic and other frequency content for higher
frequencies may reach 2 % of the total voltage. However, to provide constant comparative results, the
equipment shall be tested at the third harmonic only (10 % at 0° and at 180° phase angle).

The total content of harmonics of the power supply to the PLC-system may be affected when the energy
source output impedance is relatively high with regard to the input impedance of the PLC-system power
supply; sizing a dedicated power source such as an inverter for a PLC-system may require an agreement
between the user and the manufacturer. The use of line conditioner should be considered. See IEC 61131-
4.

Requiremgnts of this subclause are verified in accordance with 6.3.1.2.
5.1.2 Memory back-up

Power bacdk-up for volatile memories shall be capable of maintaining stored information for at|least 300 h
under normal use, and 1 000 h at a temperature not greater than 25 °C when the.energy sourcg is at rated
capacity. (For power back-up needing replacement, the rated capacity is theyvalue used to dgsignate the
procedure pnd time interval for replacement.)

The manufacturer should specify storage time information relative_to volatile memory if different from
stated durations.

It shall be possible to change or refresh power back-up without loss of data in the backed-up| portions of
memory. ($ee also 4.3, 7.6 item 8 and 7.13 item 4.)

If a memory back-up battery is provided, a warning'of “low battery voltage” shall be provided.
Requiremgnts of this subclause are verified in"accordance with 6.3.4.
5.2 Digital I/0s

Figure 3 giyes an illustration of definitions of some 1/0O parameters.
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Figure 3

I/O Parameters
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endent on national regulations and/or application needs.
ce

wer supplies
pplications may use only 1 PS common to inputs, outputs and PLC-System.

shall comply with the following requirements.

stem shall be provided with at least 1,type of input interface and 1 type of outpyt interface

e defined respectively in 5.2.1, 5.2.2 and 5.2.3.

ts shall comply with the requirements of the standard voltage ratings given in

%5.2.1. Non-

Itage digital inputs should betin-accordance with the design equation given in Annex|B.

Lts shall comply with the requirements of the standard ratings given in 5.2.2.1 for a.d. or 5.2.3.1

ossible to intereennect inputs and outputs by means of a correct selection of the alpove digital
I/Os, resulling in proper PLC-system operation. (Additional external load shall be speciffed by the

er if negessary.)

possible to feed isolated multi-channel a. c. input modules from different phasg¢s and the

modules st

allthan comnbwith tha
cH—tHEeR-GoMPry W e i orag Hereh

mavimum vaoltaaa diffaranca likalbvs to ocecnr hotwoaon nho'\ns or the
Hage—& GeH<Eryt6-B66u—etWeer—pnasesS,

user manual shall include a note indicating that all channels must be fed from the same phase.

If a multi-channel a.c. circuit is intended for multi-phase use, the circuit shall comply with the clearance
and creepage distance requirements and the dielectric test corresponding to the voltage between phases.

NOTE 1 Current-sourcing inputs and current-sinking outputs which may be required for certain applications are not covered in this
Part of IEC 61131. Special care should be exercised in their use. (Where positive logic, current sinking inputs and current-sourcing
outputs are used, any short-circuit to the reference potential and wire-breakage are interpreted by the inputs and loads as the “off
state”; on the other hand, for current-sourcing inputs and current-sinking outputs, earth faults are interpreted as the “on state”) (See

Figure 3.)

NOTE 2 A PLC-system may be offered with interfaces that are not covered in this standard, i.e., interfaces for TTL and CMOS
circuits, etc. In such a case, the manufacturer's data shall give all relevant information to the user.
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5.2.1 Digital inputs (current sinking)

Requirements of this subclause are verified in accordance with 6.4.2.

5.2.1.1 Terminology (U/l operation regions)

Figure 4 represents graphically the limits and operating ranges which are used herein to characterize
current sinking digital input circuits.

"«

The operating region consists of “on region”, “transition region” and “off region”. It is necessary to exceed
both UT mjn—and IT min to leave the “off region” and to exceed |H min_before IUUH min_to enter the “on
region”: alllinput U-I curves shall remain within these boundary conditions. The region below/zero volts is a
valid part df the “off region” for d.c. inputs only.
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Figure 4

U-l operation regions of current-sinking inputs
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NOTE
Utimax @nd Ulimin are the voltage limits for the on conditions (state 1)
Timax @nd Iyl are the current limits for the on conditions (state 1)
Utmax and Uqnin are the voltage limits for the transition state (on or off)
Itmax @nd Fpmi are the current limits for the transition state (on or off)
UL max and Ui are the voltage limits for the off conditions (state 0)
I max @nd I i are the current limits for the off conditions (state 0)

U max €Quals Upmmto i amdequats Uy above frmn

Us, Ug max and Ug min are the rated voltage and its limits for the external power supply
voltage
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5.2.1.2 Standard operating ranges for digital inputs (current sinking)

Current-sinking digital inputs shall operate within the limits presented in Table 7.
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Table 7
Standard operating ranges for digital inputs (current sinking)
Rated Rated Type of Type 1 limits (7) Type 2 limits (7), (Note) Type 3 limits (7) Normative
voltage | frequency limit items
U, F, Hz State 0 Transition State 1 State 0 Transition State 1 State 0 [Transition State 1
uL IL uT IT UH IH uL IL uT IT UH IH uL 1L U1 IT UH IH
v ImA v mA A" mA v mA v mA v mA v mA V]| mA v mA

DC24V |- Max. 15/5 15 15 15 30 15 11/5 30 1 30 30 30 11/5 15 11 15 30 15 (1),(2),

Min -3 ND 5 0,5 15 2 -3 ND 5 2 11 6 -3 ND 5 1,5 11 2 “4))
DC48V |- Max. 34/10 15 34 15 60 15 30/10 30 30 30 60 30 30/10 15 3 15 60 15 (1),(2),

Min -6 ND 10 0,5 34 2 -6 ND 10 2 30 6 -6 ND 1 1,5 30 2 @
AC 24V | 50/60 Max 14/5 15 14 15 27 15 10/5 30 10 30 27 30 10/5 15 1 15 27 15 (1).(3)
Vrm.s. Min 0 0 5 1 14 2 0 0 5 4 10 6 0 0 5 2 10 5
AC 48 50/60 Max. 34/10 15 34 15 53 15 29/10 30 29 30 53 30 30/10 15 3 15 53 15 (1),(3)
Vrm.s. Min 0 0 10 1 34 2 0 0 10 4 29 6 0 0 1 2 30 5
AC 100 Max. 79/20 15 79 15 11U, 15 74/20 30 74 30 11U, 30 74/20 15 74 15 1,1 U, 15 (1).(3),
AC 110 | 50/60 “)0)
AC 120 Min. 0 0 20 1 79 2 0 0 20 4 74 6 0 0 2 25 74 5
Vrm.s.
AC 200 Max. 164 /40 15 164 15 1,1 U, 15 159 /40 30 159 30 1,1 U, 30 159 /40 15 15p 15 1,1 U, 15 (1),(3),
AC230 |50/60 @)
AC 240 Min. 0 0 40 2 164 3 0 0 40 5 159 7 0 0 4 25 159 5
Vrm.s.
(1) All logic signals are in positive logic. Open inputsfshall be interpreted as state 0 signal. See Annex B for equations and assumptions used in developing values in this table and for additional gomments.

(2) The given voltage limits include all alternating vo
(3) Static switches may affect the total r.m.s. content}
(4) Recommended for common usage and future de|
(5) The minimum external power supply voltage for

(6) As allowed by current technology, and to encourg
Annex B and respectively a.c. 100 Vr.m.s. and a.c. 3

(7) See definitions 3.12, 3.13, and 3.14.

ages components.

of true harmonics of the input signals andutherefore affect the compatibility of the input interface with proximity switches, especially for Type
igns.

ype 2, d.c. 24 V inputs connécted to 2-wire proximity switches should be higher than d.c. 20 V or Uy i, lower than d.c. 11 V to allow sufficien

ge the design of single input modules compatible with all commonly used rated voltages, limits are absolute and independent of rated voltag
00 Vr.m.s.

,a.c. 24 Vr.m.s. See 5.1.1.1 for requirements.

safety margin.

P (except Uy max) @nd based on equations given in

NOTE Compatibility with 2-wire proximity switches a

Ecording to IEC 60947-5-2 is possible with Type 2. See also (3).

ND = Not defined.
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5.2.1.3 Additional requirements

Each input channel shall be provided with a lamp or equivalent means to indicate the state 1 condition
when the indicator is energized.

5.2.2 Digital outputs for alternating currents (current sourcing)

Requirements of this subclause are verified in accordance with 6.4.3.

5.2.2.1 Rated values and operating ranges (a.c.)

Digital a.c
manufactu

outputs shall comply with the ratings given in Table 8, at the output voltage (s) st
rer according to 5.1.1.1.

ated by the

Rated values and operating rangelafglrec?lrrent sourcing digitala:c. outputs
le Normative
Rated|current (state 1) A 0,25 0,5 1 2 items
Current range for state 1 Min. (mA) 10 [5] 20 100 100 (1), (2)
(continuous|at max. voltage) Max. (A) 0,28 0,55 1.1 2,2 (1)
Voltage drop, Uy for state 1 Uy - - - - -
— Non protected output Max. (V) 3 3 3 3 (1)
— Protected and short-circuit Max. (V) 5 5 5 5 (1)
proof
Leakage cufrent for state 0 - - - - -
— Solid-dtate outputs Max. (mA) 5[3] 10 10 10 (1), (2), (3)
— Electrgmechanical outputs Max. (mA) 2,5 2,5 2,5 2,5 (1), (3)
Repetition rate for temporary Operating.cycle time (s) - - - -
overload (sqe Figure 5)
— Solid-dtate outputs Max. 1 2 2
— Relay-pased outputs Max. 10 10 10 10

(2) Figures i
apply to mo
(3) Leakage
inputs.

(1) RMS currents and voltages:

h square braekets apply to a module not equipped with RC network or equivalent surge suppressers. All d
lules with,suppression.

current-for solid-state outputs greater than 3 mA imply the use of additional external loads to drive Type 2

ther values

digital
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Figure 5

Temporary overload waveform for digital a.c. outputs
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5.2.2.2 Additional requirements

5.2.2.21

Output indicators

Each output channel shall be provided with a lamp or equivalent means to indicate the output state 1
condition when the indicator is energized.

5.2.2.2.2

Protected outputs

For outputs stated by the manufacturer to be protected

— th
the

—a
rety

-0

Requiremgq
NOTE 1 Ope

NOTE 2 The
when it is neg

5.2.2.2.3
For output

— fdq
op€g

output for all steady-state values of output current greater than 1,1 times the rated’v

ter resetting or replacement of the protective device alone, as applicable, the PLC-g
rn to normal operation;

btional restart capabilities may be selected among the 3 followingtypes:

the overload is removed;

« controlled restart protected output: a protected output which is reset through
example, for remote control);

* manual restart protected output: a protected output which implies a huma
recover (the protection may be fuses, efeetronic interlocks, etc.).

nts of this subclause are verified in accordance with 6.4.3.2.
ation under overload condition for an extended period of time may affect the operating life of the module.

protected outputs will not necessarily protect the external wiring. It is the user's responsibility to provide
ded.

Short-circuit-proof outputs
5 stated by.the manufacturer to be short-circuit-proof:

r all eutput currents greater than I, ., and up to 2 times the rated value I, the
ratesand withstand temporary overload(s). Such temporary overload(s) shall be spe

ma

e output shall either withstand and/or the associated protective device shall operai? to protect

ue;

ystem shall

» automated restart protected output: a protected outputiwhich automatically re¢overs after

signals (for

n action to

fhat protection

butput shall
cified by the

hufacturer

— for all output currents prospectively above 20 times the rated value, the protective device shall
operate. After resetting or replacement of the protective device alone, the PLC-system shall return
to normal operation.

— for output currents in the range of 2 times to 20 times /., or for temporary overload(s) beyond the
limits specified by the manufacturer (item 1 above), the module may require repair or replacement.

Requirements of this subclause are verified in accordance with 6.4.3.2.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

46 UL 61131-2 JUNE 10, 2021

5.2.2.2.4 Non-protected outputs

For outputs stated by the manufacturer to be non-protected, if the manufacturer recommends an external
protection device, then the outputs shall meet all the requirements stated for the short-circuit-proof
outputs.

5.2.2.2.5 Electromechanical relay outputs

Electromechanical relay outputs shall be capable of performing at least 0,3 million operations with the load
specified for AC-15 utilization category (durability class 0.3) according to IEC 60947-5-1.

The type test is not required if the relay components have been shown to comply with the requirements of
IEC 60947-H-1.

5.2.3 Digital outputs for direct current (current sourcing)
Requirements of this subclause are verified in accordance with 6.4.3.
5.2.3.1 Rated values and operating ranges (d.c.)

Digital outputs shall comply with the ratings given in the following_Table 9, at the output voltagg(s) stated
by the manpifacturer according to 5.1.1.1.

Table 9
Riated values and operating ranges (d.c.).for current-sourcing digital d.c. outputs
Rated current for state 1 Iy (A) 0,1 0,25 0,25 1 2 Norma-
tive
items
Current rangg for state 1 at maximum voltage | Max. (A) 0,12 0,3 0,6 1,2 2,4
(continuous)
Voltage drop, Uy Uy - - - - - -
Non-protected output Max. (V) 3 3 3 3 3 -
Protedted and short-circuit-proof 3 3 3 3 3 1)
Ledkage current for'state 0 Max. 0,1 0,5 0,5 1 1 (2), (3)
(mA)
Temporary overload Max. (A) See Figure 6 or as specified by manufacturer]

(1) For 1A ar|d 2A rated currents, if reverse polarity protection is provided, a 5 V drop is allowed. This makes the outpu
incompatible|withya'type 1 input of the same voltage rating.

(2) The resulting compatibility between d.c. outputs and d.c. inputs, without additional external load, is as follows:

Rated output current I, (A): 0,1 0,25 0,5 1 2
Type 1: yes yes yes no no

Type 2: yes yes yes yes yes

Type 3: yes yes yes yes yes

(3) With adequate external load, all d.c. outputs may become compatible with all Type 1, Type 2 and Type 3 d.c. inputs.
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Figure 6

Temporary overload waveform for digital d.c. outputs
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5.2.3.2 Additional requirements

Other requirements are the same as for current sourcing outputs for a.c. as defined in 5.2.2.2, except for

— protected outputs: the limit is 1,2 [, instead of 1,1 [,

— electromechanical relay outputs: AC-15 is replaced by DC-13.

5.3 Analogue l/Os

Requirements of this subclause are verified in accordance with verification of analogue 1/Os testin 6.4.4.

5.3.1 Anaglogue inputs

Rated valug¢s of signal range and impedance for analogue inputs to PLC-systems shall be as $pecified in

the following Table 10.

Table 10

Rated values and impedance limits for analogue inputs

Signal range

Input impedance limits

Normative itemg

10V
0-10V
1-5V
4-20mA

0-20mA

210 kQ
210 kQ
25 kQ
<3000
<300 Q

(1)

(1) Not recopmended for future designs.

Analogue ipputs may be designed to be:compatible with standard thermocouples or standafd resistive
temperatur¢ devices (RTDs) such as:*PT100 sensors. Thermocouple analogue inputs shalll provide a

method for pold-junction compensation.

5.3.2 Anglogue outputs

Rated valugs of signalsirange and load impedance for analogue outputs of PLCs shall be as $pecified in

Table 11.

Table 11

Rated values and impedance limits for analogue outputs

Signal range

Load impedance limits

Normative items

10V
0-10V
1-5V
4-20mA
0-20mA

21000 Q
21000 Q
2500 Q
<600 Q
<600 Q

M
M
(1)
)
(2), (3)

(3) Not recommended for future designs.

(1) Voltage analogue outputs shall withstand any overload down to short circuit.

(2) Current analogue outputs shall withstand any overload up to open circuit.
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5.4 Communication interface requirements

The configuration tested according to Clause 2 of this Part of IEC 61131 shall be equipped with

communication interface modules where applicable and with communication links specified by the
manufacturer.

Requirements of this subclause are verified in accordance with 6.5.

5.5 Main processing unit(s) and memory(ies) of the PLC-system requirements

This subclause_should be read in Pnnjllnpfinn with IEC 61131-1_and with ﬁ and ﬂ of this part
(respectivdly, RIOSs and peripherals).

See Figurg 2 and Annex A for the definition and illustration of the PLC-system, the main prog¢essing unit
(MPU), the main memory and other terms used in this subclause.

Main procgssing unit(s) and memory(ies) are part of the permanent PLC installation and therg¢fore tested
accordingly.

Requiremgnts of this subclause are verified in accordance with 6.6.
5.6 Remote input/output stations (RIOSs) requirements

RIOSs arg part of the permanent PLC installation and ¢herefore to be tested accordingly. However, for
ease of tegting, isolated RIOSs may be tested separately where appropriate.

Requiremgnts for voltage drops and interruptioniof the power supply (ies) fully apply to RIQSs. These
requirements are shown in 8.3.4.

In case of|loss of communication withsxthe MPU application programme, RIOSs shall be able to fix the
states of tHeir outputs to specified values, within specified delays and without passing through junspecified
states and|be capable of providing a-fault indication signal.

The MPU s$ystem shall provide*the user's application programme with relevant information onfthe current
status of RIOSs.

Requiremgnts of this'stbclause are verified in accordance with 6.7.

5.7 Perigherals (PADTs, TEs, HMIs) requirements

Peripherals which are not a permanent part of the PLC-system shall cause no malfunction of the system
when making or breaking communication with an operating system.

Requirements are verified in accordance with 6.2.5.

Connectors for the peripherals shall be polarized to prevent improper connection, or the PLC-system shall
be so designed that no malfunction occurs if a connection is improper.

The system consisting of the peripheral and the PLC-system shall be designed to ensure that the edited
programme executing in the PLC-system is functionally identical to the edited programme displayed on the
peripheral.
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If on-line modification of the application programme and/or the modes of operation of the PLC-system by a
peripheral is possible (i.e. when the PLC-system is in active control of a machine or industrial process),

then

— the peripheral shall automatically give clear warnings equivalent to “during on-line modification,
programme display may differ from application programme, control of the machine/ process may
be interrupted during ... ms, etc.”, as applicable.

— the peripheral shall ask the operator “Do you really want to carry out this action?” or some similar
words and execute the command only after a positive reply has been given by the operator.

It shall be possible To upload the new application programme o the manufacturers supplied

and verify,
unauthorize

Requireme

5.8 PLC-gystem self-tests and diagnostics requirements

The manuf;
means sha
application.

The following shall be provided:

—a
—a

—a
and

—-a
allo

— a neans to monitorithe status of MPU.

The perma

When the

!

bn line, that the record is functionally equivalent to it, and means shall be provided
d use of these functions (hardware or software).

nts of this subclause are verified in accordance with 6.8.

| be built-in services of the PLC-system and/or recommended ways to implement th

eans for monitoring the user's applicationprogramme (i.e. watchdog timer, etc.),
rdware or software means to check-the memory integrity,

means to check the validity of the data exchanged between memory(ies), process
I/O modules (such as an application loop-back test),

means to check that the(power supply unit(s) do(es) not exceed the current and vo
ved by the hardware désign,

nently installed PLC-system shall be capable of operating an alarm signal on an alz
bystem (S ymonitored as “functioning correctly”, this alarm output shall be in a pre

state; in th
the “correc

1

other-ease it shall go to the opposite state. The manufacturer shall specify the cg
functioning state” and the self-tests which are executed to drive this alarm output.

Hata media

to prevent

hcturer shall provide means for self-tests and diagnostics cof\the PLC-system operation. Such

e intended

ing unit(s)

[tage limits

arm output.

jetermined
nditions of

RIOSs shall be capable of operating an alarm signal on an alarm output (for example, through a digital
output module) in the event of loss of power or loss of normal communication with the MPU and go to a
predetermined state (see 5.6).

Requirements of this subclause are verified in accordance with 6.9.

5.9 Functional earthing

There are no constructional requirements such as interference immunity control, RFI protection, etc., for
functional earthing terminals (except for marking requirements as given in 5.11.3).
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5.10 Mounting requirements
Provisions shall be made for securely mounting equipment to a supporting surface.
Alternate mounting methods, such as DIN rails, should also provide for secure mounting of the equipment.

A bolt, screw, or other part used to mount a component of the equipment shall not be used for securing the
equipment to a supporting surface, DIN rail, etc.

5.11 General marking requirements

For all equ|pment, as a minimum, the information marked on the device shall identify the manufacturer (the
company hringing the product to market) and the device. The remaining information shall be |provided in
the data steet. See Clause 7.

The following information shall be provided by the manufacturer:

— manufacturer’s name, trade mark or other identification,
— model/catalogue number, type designation or name,
- sIftware serial number and/or revision level (see 1.2), where applicable,

— hardware serial number or series and/or revision level (see 1.2), and date code or equjvalent.
Requiremgnts of this subclause are verified in accordance with 6.10.

5.11.1 FJnctional identifications

The functipn of each I/O module shall be“unambiguously identifiable when it is placed in| its service
position and operating, by means of a convenient manufacturer’s mark.

All operatpr’'s switches, indicator lamps, and connectors shall be identified or have prgvisions for
identification.

5.11.2 Meodule location and module identifications

Space sha|l be pravided for identification of each module and I/O channel on or near to the modules.

5.11.3 Fynctional earth terminals markings

Functional earth terminals (i.e. used for non-safety purposes such as interference immunity improvement)
shall be marked with the following symbol:

NOTE — For proper dimensioning, see IEC 60417-5018.
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5.12 Requirements for normal service and functional type tests and verifications

Test and verifications for normal service and function shall be performed by the manufacturer, in
accordance with Clause 6.

5.13 Requirements for information on normal service and function

Information on normal service and function shall be provided by the manufacturer, in accordance with the
requirements of Clause 7.

6 Normalservice and functional type tests and verifications

6DV D2 Modification of 6:

This clause and its subclauses are informative.

6.1 Climatic tests
Tests are pgrformed on unpackaged equipment.

Temperature-sensitive components that are normally serviced'ahd removed by the user may b¢ removed,
if so requegted by the manufacturer.

6.1.1 Drytheat and cold withstand tests

Table 12
Dry-heat-and cold withstand tests
Dry heat Cold
Reference test IEC 60068-2-2, test Bb IEC 60068-2-1, test|Ab
Preconditioning According to manufacturer’s specifications
Injtial measurement According to PFVP (2.5)
Conditioning Power supply unconnected
Temperature +70°C+2°C -40°C +3°C (2)
Dyration of\exposure 16h+1h 16ht1h
Measuripg and/or loading during None
conditioning
Recovery procedure IEC 60068-2-2, test Bb | IEC 60068-2-1, test Ab
Time 1 h minimum
Climatic conditions See 6.1 and 2.6(1)
Special caution | No condensation (1)
Power supply Power supply unconnected
Final measurements According to PFVP (2.5)

(1) All external and internal condensation shall be removed by airflow, prior to connecting again the basic PLC-system to a power
supply.
(2) -25 °C % 3 °C is acceptable, but not recommended for future designs
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6.1.2 Variation of temperature

Table 13

Change of temperature, withstand and immunity tests

Withstand test

Immunity test

Reference test

IEC 60068-2-14, test Na

IEC 60068-2-14, test Nb

Preconditioning

According to manufacturer’s specification

Initial measurements

According to PFVP (see 2.5)

Conditioning R F-SHPPR-HR ted Rewer-stpphy-cernqcted
Measurenent and/or loading during None 3)
conditioning
Low temperature —-40°C+3°C(5) +65°C£2°C
High temperature
Open equipment +70°C+2°C +55°C+2°C
Epclosed equipment +70°Ct2°C +40°C+t2°C
Exposurg¢ time at each temperature 3 h+30min 3 h+30min

Transport time

Less than 3 min

Not applicable

Tempgrature variation speed

Not applicable

3 °C/min. = 0,6 °C/min.

Number of cycles

2

5

Rlecovery procedure
Time
(limatic conditions
Power supply

F[nal measurements

IEC 60068-2-14, testNa
Less than2 h
See 6.1and 2.6(4)

Power supply unconnected

(1)

Not applicable

Not applicable

Not applicable

Not applicable
(2)

)
(2) PFVP adcording to 2.5 performed during
(3) Multi-chg

(4) All exter
supply.

(1) PFVP adcording to 2.5 performed after recovery:

test.

nnel output modules shall be derated as specified by the manufacturer.

al and internal condensatien shall be removed by airflow, prior to connecting again the basic PLC-systen

to a power

6.1.3 Cyg¢lic damp heat withstand test

Table 14

Cyclic (12 + 12) damp-heat test

Reference test

IEC 60068-2-30, test Db

Preconditioning

Initial measurements

According to manufacturer’s specifications

According to PFVP (2.5)

According to PFVP (2.5) None
Measurement and/or loading during conditioning None
Details of mounting/support None

Variant 2

Special precautions

Power supply disconnected

Table 14 Continued on Next Page
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Table 14 Continued

Reference test IEC 60068-2-30, test Db
Temperature +55°C
Number of cycles 2

Recovery procedure -

Time
Climatic conditions Under controlled conditions prescribed in IEC 60068-2-30 (1)
Power supply Power supply disconnected (1)
Final measurements PFVP according to (2.5) performed after recovery

(1) All externpl and internal condensation shall be removed by airflow, prior to reconnecting the basic PLC-system.to alpower
supply.

6.2 Mechpnical tests

6.2.1 Vibration (type test associated with normal service conditions)

Table 15
Immunity vibration test
Reference test IEC 60068-2-6, test Fc
Preconditioning According to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support According to manufacturer’s specifications for portable and
hand-held equipment
Motion Sinusoidal
Vibration amplitude/acceleration -
5Hz<f<9Hz 3,5 mm amplitude
9Hz<f<150 Hz 109
Vibration type Sweeping, at a rate of 1 octave/min (+ 10 Pb)
Vibration dydration 10 sweep cycles per axis on each of 3 mutually pefpendicular
axes
Mepsurement and-verification during loading According to PFVP (2.5)
Verification after tests According to PFVP (2.5)

6.2.2 Shock{(type testassociated withmormatserviceconditionsy

Table 16
Immunity shock test
Reference test IEC 60068-2-27, test Ea
Preconditioning According to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support According to manufacturer’s specifications for portable and
hand-held equipment

Table 16 Continued on Next Page
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Table 16 Continued

Reference test

IEC 60068-2-27, test Ea

Type of shock
Shock severity

Application

Measurement and verification during loading

Verification after tests

Half-sine

15 g peak, 11 ms duration

According to PFVP (2.5)
According to PFVP (2.5)

Three shocks in each direction per axis, on 3 mutually
perpendicular axes (total of 18 shocks)

6.2.3 Frek fall (type test associated with normal service conditions)

Table 17

Free-fall immunity/withstand tests (portable and hand-held equipment)

Reference tests:
Random and flat drops

IEC 60068-2-32, procedure 1

Supported drops IEC 60068-2-31, 3.2.1
Preconditioning According to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support EUTequipped with manufacturer’s standard cablg(s) (if any)
Megasurement and verification during loading According to PFVP (2.5)
Verification after the tests According to PFVP (2.5)
6.2.4 Frege fall (type test associated with transport and storage conditions)
Table 18
Free-fall withstand test (units within manufacturer's original packaging)
Reference test IEC 60068-2-32, procedure 1
Selection/of samples Each type of manufacturer’s original packaging with the
heaviest unit using it
Initial.measurements According to PFVP (2.5)
Details of mounting/support EUT equipped with manufacturer’s standard cablg(s) (if any)

M4

asurement and verification during loading

\erification after the test

None
Accarding ta PEVP (2 5)
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6.2.5 Plugging/unplugging of removable units

Table 19

Insertion/withdrawal of removable units

Description of the test for permanently installed units

50 insertions/withdrawals are performed without power; then
the equipment shall pass the PFVP (2.5)

Description of the test for non-permanently installed units

required

Communication on the physical link during the,test i

500 insertions/withdrawals are performed while the basic PLC-
system is performing functional test programmes as required
for PFVP (2.5)

Insertions and withdrawals shall not affect the proper operation
of the basic PLC-system

s not

6.3 Verification of special functional requirements for power ports and memory back-ug — Special

immunity ljmits for power ports

Perform the

proper functional verification procedure of 2.5 during tests undef 6.3.1 and 6.3.2.

Power port$ are mains power input port (port F, Figure 2).

6.3.1 Verification of functional mains power input port.(a.c. or d.c.)

6.3.1.1 Vq

Itage range, voltage ripple and frequencyrange test

Voltage ripple and frequency range immunity test (1)

Table 20

Reference test

None

HUT configuration According to manufacture’s specifications
Inifial measurements According to PFVP (2.5)
Degcription of tests (1) Gradual shut-down Fast variations
- (See Figure 7) (See Figure 8)
AC]voltage (k xUp)\(2) k=0,85 k=1,10
AC ffequency\(kx F,,) (2) k=0,94 k=1,04
DClvoltage(k x U,) (2) k=0,85 k=1,20
Ripple continuous (k x U,) (2) k=005 k=005
Test duration 30 min 30 min

Measurement and verification during

loading

Verification after tests

According to PFVP (2.5)

According to PFVP (2.5)

Performance criteria

A

(2) See precise definitions in Table 6.

(1) If there are separate mains supplies to the PLC-system the tests may be carried out on each supply separately.
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Figure 7

Gradual shut-down/start-up test
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Figure 8
Fast supply voltage variation‘test
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6.3.1.2 Third harmonic immunity test

Table 21
Third harmonic immunity test

Reference test None
EUT configuration According to manufacture’s specifications
Initial measurements According to PFVP (2.5)
Description of tests (1) A third harmonic voltage (150 Hz or 180 Hz) adjusted to 10 %

of the mains rated voltage is added to the a.c. mains power
supply with 0° and 180° (See Figure 9)

Test duration for each phase 5 min

Table 21 Continued on Next Page
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Table 21 Continued

Reference test None
Measurement and verification during loading According to PFVP (2.5)
Verification after tests According to PFVP (2.5)
(1) If there are separate mains supplies to the PLC-system, the test may be carried out on each supply separately.

Figure 9

Third harmonic immunity test

————p Third harmonic generator

Power supdly [/ _ PLC—gystem
source

54866

6.3.1.3 Shut-down test (sudden supply interruption)

The test is fepeated twice.

Test descri:|>tion: during shut-down due to the supply interruption, the system behaviour shall bg observed.

Performance criteria:

The requirement given above shall be met. In addition, from the start of interruption to shutdown, there
shall be no change not caused by the normal test programme and no erratic or unintended condition of
any kind.

6.3.1.4 Start-up test
When the external supply is applied for a time specified by the manufacturer, the PLC-system shall start

again according to the specifications of the manufacturer (automatic or manual restart, initialization
sequence, etc.). During the start-up, there shall be no erratic or unintended condition.
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6.3.2 External energy supply variation tests (immunity tests)

At voltages below the minimum normal service conditions limits and/or frequencies beyond the normal
service condition limits, the PLC-system shall “either maintain normal operation or go to a predefined state
and have a clearly specified behaviour until normal operation is resumed”.

Performance criteria: during the tests, the PFVP (2.5) shall ensure that the behaviour of the basic PLC-
system is as specified by the manufacturer and that there is no change not caused by the PFVP test

programme and no erratic or unintended conditions of any kind.

6.3.2.1 Gradual shut-down/start-up test

Table 22
Gradual shut-down/start-up test

Reference test None

EUT configuration The behaviour of the basic(PLC-system shall be aqcording to
PFVP (2.5) at minimum operational voltage and frgquency
(gradual shut-down of 6.371.1) and at maximum oprational
- voltage and frequefcy(fast variations of 6.3.1.1)

Test description See Figure 7
Initial/final conditions Power supply at rated values (U, F,))
Lowest voltage (V) 0 (zero)
Waiting time at lowest voltage (s) 10s+20 %
Number of trials 3
Time interval between trials 1s <timeinterval<10 s
Mgasurement and verification during loading According to PFVP (2.5)
Voltage shut-down limit (SDL) The voltage at which the basic PLC-system starts the

manufacturer’s specified shut-down sequence or initiates a
behaviour not in accordance with the PFVP during the
- decreasing voltage sequence

Average SDL (SDL,,) The average of 3 measured SDL

Performapce_criteria According t0 6.3.2

6.3.2.2 Supply voltage variation tests

Table 23
S I I A
Reference test None
EUT configuration The behaviour of the basic PLC-system shall be according to PFVP (2.5) at minimum

operational voltage and frequency (gradual shut-down of 6.3.1.1) and at maximum
operational voltage and frequency (fast variations of 6.3.1.1)

Description of tests Fast variations Slow variations
- (See Figure 8) (See Figure 10)
Initial/final conditions Power supply at rated values (Ug min, Fr)

Table 23 Continued on Next Page
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Table 23 Continued

Reference test None

Lowest voltage (V) 0 (zero) 0,9SDL,, +10% (1

Waiting time at lowest voltage (s) 0 (zero) 0 (zero)

Number of trials 3 3

)

Time interval between trials 1s<timeinterval<5s
Measurement and verification during According to PFVP (2.5)

loading

Pass/fail criteria According t0 6.3.2

(1) SDL,, is

result of the gradual shut-down test (see 6.3.2.1).

uv A

Ue min.

Figure 10

Slow supply voltage variation test

60s+10% 60s+10 %

T

\\ |

0,9SDLav £10 % Is<time<Ss
0 -
0 ts
S4867
6.3.3 Improper power supply.connection tests
6.3.3.1 Reversal of d.c. power supply polarity test (withstand test)
The rated Voltage ofréverse polarity shall be applied for 10 s. The results shall comply with thel conditions
stated by tHe manufacturer (such as fuse-blowing).
After the tgqsti-the basic PLC-system shall pass the proper verification procedure (see 2.5).[ Protective

devices such as fuses may be reset prior to verification.

6.3.3.2 Improper voltage level and/or frequency test

For voltage level above the maximum normal service conditions limit U, s, or/and frequencies beyond the
normal service conditions limits F, nax @and F, min, the test shall be agreed between the user and the
manufacturer.
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6.3.4 Verification of memory back-up requirements

6.3.4.1 Back-up duration withstand test

Table 24
Back-up duration withstand test

Reference test None
EUT configuration According to PFVP (2.5)
Duration of preparation According to manufacturer’s specifications (energy source may require time to be

Tdsts to be performed fully charged)

- Either Test A or Test B defined below

Description of tests Test A TestB
Initial conditions Energy source fully charged; external energy supply disconnected
Temperature Open equipment 55 °C General conditions
- Enclosed equipment 40 °C (2.6)
Duration 300 h 1000 h
Verffication after the test According to PFVP (2.5). The PLC-system shall be fully operational. No Ipss of

retentive data is allowed

6.3.4.2 \Vprification of manufacturer's method of changing the energy source

Table'25
Change of energy source test

Reference test None
EUT configuration According to PFVP (2.5)
Replacement of energy source According to manufacturer’s specifications (energy source may

require time to be fully charged)

Verification after the'\tests According to PFVP (2.5) The PLC-system shall be ffully
operational. No loss of retentive information is alloyed

6.3.4.3 Vprificatiomof other requirements

Check the| required warning of “low battery voltage” (see requirements in 5.1.2). (Remove |the energy
source and apply the proper controlled voltage in place of the energy source.)

6.4 Verification of input/output requirements
6.4.1 General

Test procedures are not defined in detail hereinafter. Detailed procedures shall be agreed upon by the
user and the manufacturer and shall be such that the conditions defined in 1.2 shall not be impaired.

Though test procedures are not defined in detail, all tests which are referenced shall be performed.

Unless otherwise specified in this subclause, all tests shall be carried out twice on the same I/O
channel(s):
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— First test: at minimum service temperature (T,,,), i-€. 5 °C or T, given in Table 2.

— S test: at maximum service temperature (T ,ax), i.€. 40 °C/55 °C or T, given in Table 2.

It is not required to test more than 1 analogue input channel and 1 digital input channel of each type, but all
different types which are represented in the basic PLC-system shall be tested.

All channels of multi-channel output modules shall be tested.

6.4.1DV DE Modification:

Moldify second dashed item by replacing "S" with "Second".

6.4.2 Verification of digital inputs

6.4.2.1 Operating range test

Verify that gll requirements are met.

6.4.2.2 Reversal of signal polarity test (withstand test)

Test procedure: A signal of reverse polarity for digital inputs.shall be applied for 10 s.
Verification

The results|shall be as stated by the manufacturér. The device shall pass the PFVP (see 2.5)| Protective
devices sugh as fuses may be reset prior to verification.

6.4.2.3 Verification of other requirements
Verify that the general requirements for digital 1/Os under 5.2 and the requirement of 5.2.1.3 are|met.
6.4.3 Verification of digital outputs
6.4.3.1 Operating range test

Verify that gll requirements are met.

Test procedures:

Current range: To be agreed upon by the user and manufacturer.

Voltage drop: To be agreed upon by the user and manufacturer.

Leakage current: Devices/circuits intended for output protection shall not be removed.

Temporary overload: According to IEC 60947-5-1, (AC-15 or DC-13, as applicable). For short-circuit proof
outputs, the current values shall be respectively 2 /. to 20 /, (as given in 5.2.2.2.3).
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6.4.3.2 Test of protected, not-protected, and short-circuit proof outputs

Table 26
Overload and short-circuit tests for digital outputs

Reference test

None

EUT configuration

Details of mounting/support

According to manufacturer’s specifications

According to manufacturer’s specifications

Loading It is sufficient to check one I/O channel of each type under test
Initial measurements According to PEVP (2 5)
Description pf the tests A B C D E
Prospective|currents (k x /) 1,2/1,3 (1) 1,5 2 5 21
Duration of fest (min) 5 5 5 5 5
Order of trials - - - - -
First series {at Tpn) 1 2 3 4 5
Second series (at Tiay) 6 7 8 9 10
Time intervdls between tests 10 min < time intervals /60 min
Application ¢f the test Yes Yes Yes Yes Yes
protected oytputs
Short-circuif proof outputs No No Yes (2) No Yes (4)
Not-protectdd outputs (3) No No Yes (2) No Yes (4)
Measuremept and verification See requirements in 5.2.2.2 and 5.2:3.2
during the ojerload According to PFVP (2.5)
immediately| after overload According to PFVP (2.5)
after overlogd and proper According to PFVP (2.5)
resetting
(1) 1,2 for ajc. outputs, 1,3 for d.c. outputs.
(2) For currgnts in the range of 2 times to 20.times /., the module may require repair or replacement.
(3) Protectivie device(s) to be provided or. specified by the manufacturer shall be installed.
(4) Protectivie device(s) shall operate;:They shall be reset or replaced as applicable for the following test.
6.4.3.3 Reversal of signal polarity test (withstand test)
If the equigment is\designed to prevent reversal of signal polarity, the withstand test may be no{ carried out

and replac

bd by proper visual inspection.

Test procedure:

A signal of reverse polarity for digital d.c. outputs shall be applied for 10 s.

Verification:

The results shall be as stated by the manufacturer.

The device shall pass the PFVP (see 2.5). Protection devices such as fuses may be reset prior to

verification
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6.4.3.4 Verification of other requirements

Verify that general requirements for digital I/Os under 5.2.2 or 5.2.3 and the remaining requirements of

5.2.22o0r5

.2.3.2 are met (output indicators and electromechanical relay outputs).

6.4.4 Veri

6.4.4.1

fication of analogue 1/Os

Operating range tests

Verify that all requirements are met.

Test proced

6.4.4.2 Analogue input overload withstand test

Test proced
Measuremg
During load

During the

be detected.

After the test:

The accura
(see 2.5).

6.4.4.3 Short-circuit test (voltage output) and open-circuit test (current output)

When the g
damage of
verification

6.44.4 Vq

This test sh
power supp

ures: To be agreed upon by the user and manufacturer.

ure:

nt and verification:

ing:

bpplication of specified maximal overload, no physical-damage or abnormal phenomenon shall

—

pL.

hort circuit (for a voltage output) or the open circuit (for a current output) is realized,
abnormal phenomenon shall be detected. After the test, perform the proper|
procedure of 2.5.

Itage supply'variation test

all b&performed when the analogue I/O modules are externally energized by an in
ly (iye” independent from the other I/O modules power supply(ies) of the PLC-system

Cy shall be verified for the minimal and the maximal value of the input range according to PFVP

ho physical
functional

dependent

)-

The power supply is replaced by a variable power source. The voltage is adjusted to the extreme values of
the specified range of voltage supply. The module shall then pass the PFVP and the output variations shall

be inside th

e specified range (see 2.5).

6.4.4.5 Reversal of signal polarity test (withstand test)

If the equipment is designed to prevent confusion of signal polarity, the withstand test may not be carried

out and rep

laced by proper visual inspection.

A signal of reverse polarity for unipolar analogue inputs shall be applied for 10 s.

Verification:


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

JUNE 10, 2021 UL 61131-2 65

The results shall be as stated by the manufacturer. The device shall pass the PFVP (see 2.5). Protection
devices such as fuses may be reset prior to verification.

6.4.4.6 Verification of other requirements

Type tests are not required; all requirements non-tested shall be verifiable under a procedure to be agreed
upon by the manufacturer and the user.

6.5 Verification of communication interface requirements

Type tests arenot rnnlnimd; all mnluimmnnfe non-tested shall he verifiable under a Inrr'sr‘::xrhmn to be agreed
upon by the manufacturer and the user.

6.6 Verification of MPU requirements

Type tests[are not required; all requirements non-tested shall be verifiable under‘aprocedure t¢ be agreed
upon by the manufacturer and the user.

6.7 Verification of remote 1/O stations
6.7.1 Response time test

This test vgrifies the effect on transfer time(s) introduced te_provide remote input information|and RIOSs
status to tHe application programme and to transmit its logical decisions to remote outputs.

Procedure

An applicgtion test programme consisting-'0f copying input status to outputs is run in 4 similar
configuratipns:

— local inputs to local outputs;
— rgmote inputs to local outputs,
— local inputs to remote outputs and

— rgmote inputsto remote outputs.

Pass/fail criteria®

The total system response times and the subsequent variations of transier ume(s) shall conform to the
manufacturer's published specifications.

6.7.2 Loss of communication test

When communication is removed, outputs shall assume a manufacturer's specified state within a
manufacturer's specified interval without erratic or unintended behaviour, and the communication error
shall be signalled to the user.

Procedure:

The test is performed by disconnecting a) the link, b) the RIOS external power supply, and observing the
behaviour of the basic PLC-system (i.e. of the MPU as well as of the RIOS and of their outputs).
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Pass/fail criteria:
According to requirements.
6.7.3 Verification of other requirements

Type tests are not required; all requirements non-tested shall be verifiable under a procedure to be agreed
upon by the manufacturer and the user.

6.8 Verification of peripheral (PADTs, TEs, HMIs) requirements

All requirerLents non-tested shall be verifiable under a procedure to be agreed upon by the meufacturer
and the usar.

6.9 Verifigation of PLC-system self-tests and diagnostics

All requirements non-tested shall be verifiable under a procedure to be agreed.upon by the manufacturer
and the usdr.

6.10 Verification of markings and manufacturer's documentation
Verify the r¢quirements of 5.11 by visual inspection.
7 General information to be provided by the manufacturer

The manufacturer shall provide users with information required for the application, design, installation,
commission, operation and maintenance of the PLC-system. In addition, the manufacturer may provide
user training.

Information|to be made available can be‘in-other than printed form.
7DV D2 Modification of 7:

This clause and its'subclauses are informative.

7.1 Information onjtype and content of documentation

Three types of documentation are defined:

— catalogues and datasheets,
— user's manuals and

— technical documentation.

NOTE For the preparation of the instructions, see IEC 62079 and IEC 61506.
7.1.1 Information on catalogues and datasheets

These documents shall contain the description and the specifications of the PLC-system and its
associated peripherals. Additionally, they shall contain any other relevant information to aid in
understanding the application and use of these products including functional characteristics, equipment
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configuration rules, normal service conditions, physical dimensions and weights, and list compliance with
standards and certifications.

7.1.2 Information on user's manuals

These documents shall include the necessary information for the proper installation, wiring,
troubleshooting, user programming and commissioning of the PLC-system by the user. They shall include
as a minimum

— installation and commissioning instructions,

— programming and troubleshooting instructions,
— mlaintenance and service requirements, and

— agcessory and spare parts lists (for example, fuses).
7.1.3 Information on technical documentation

The manufacturer optionally may provide a set of documents which centain more information| than those
given in the user’'s manual such as: schematic diagrams, internal or external data profocols, bus
assignments, physical dimension characteristics, energy available; firmware, internal test programmes or
repair procedures, etc.

7.2 Information on compliance with this standard

The manufacturer shall provide information on compliance with this Part of IEC 61131, which can be
claimed ontwo levels:

a) flll compliance with all of the requitements contained in all clauses of this part, such as indicated
by feference to IEC 61131-2 without qualification;

b) gompliance with a portion_of this Part of IEC 61131 where documentation identifies fthe specific
cladises of this part with which the product has been determined to comply.

See 1.2 for details.
7.3 Information oncreliability

If the manpfacturer provides values of the mean time between failures (MTBF) of any subgdssembly or
module, apd.of the type-test configuration (s) (PLC-system (s)) under normal service conditions the
manufacturer shall also explain the method used to determine it.

7.4 Information on other conditions

The user should reach agreement with the manufacturer for any mechanical conditions that are not
specified in this standard.

7.5 Information on shipping and storage

The manufacturer shall provide shipping and storing instructions.
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7.6 Information on a.c. and d.c. power supply

The manufacturer shall provide the following information:

— data to allow selection of a suitable power distribution network to provide specified voltage at
each power utilization point. This information includes peak inrush (at cold start and warm restart),
repetitive peak and steady-state r.m.s. input currents under full-load conditions;

— external terminal identification for power supply interfaces;

— typical example(s) for power supply system(s);

- s;LeciaI supply installation requirements, if any, for PLC-systems energized througl;h multiple

pow

—th

— CO

— data to allow evaluation of the maximum values of dnterruption time which do not

norr
devi

—-m

er supplies or supply voltages and frequencies not included in 5.1.1.1;

p effect of the following incorrect connections of power to the supply(ies):
* reverse polarity,

« improper voltage level and/or frequency and

mplete information on PLC-system behaviour for typical power up/down sequences.

nal operation of any PLC-system configuration; ‘PS”class (PS-1 or PS-2) of d.
ces;

emory back-up time with respect to temperature and maintenance requirements;

— r¢ecommended time interval between-teplacement of energy sources, if appli

recg

mmended procedure and subsequenteffects on the PLC-system;

— peak inrush current (at cold start-and warm restart) or recommended fuse size a

cha

7.7 Inforn

acteristics.

nation on digital inputs (current sinking)

The manufacturer shall pravide the following information:

— VO

It-ampere curve over the full operating range, with tolerances or equivalent;

— digital input delay time for 0 to 1 and 1 to O transitions;
- eW

— effect of incorrect input terminal connection;

affect the
C. supplied

table, and

hd blowing

— isolation potentials between channel and other circuits (including ground) and between channels
under normal operation;

—type of input (Type 1, Type 2 or Type 3);

— monitoring point and binary state of visual indicator;

— effects when withdrawing/inserting input module under power;

— additional external load when interconnecting inputs and outputs, if needed;
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— explanation of signal evaluation (for example, static/dynamic evaluation, interrupt release, etc.);

— recommended cable and cord lengths depending on cable type and electromagnetic
compatibility;

— terminal arrangements;

— typical example(s) of external connections.

7.8 Information on digital outputs for alternating currents (current sourcing)

tha falla:

The manuf;

— tylpe of protection (i.e. protected, short-circuit-proof, non-protected output), and

— fd

whitch the protecting device energizes, the current behaviour beyond, andthe time(s) in

— fdq

reqbired;

— for non-protected outputs: specification for protective device to be provided by t
reqbired;

— olitput delay time for state 0 to state 1 and state 1 to state 0 transitions;

— commutation characteristics and turn-on voltage with respect to zero-voltage crossing

— typical example(s) of external connections;

— olitput ratings:for the other loads such as incandescent lamps;

—C

x| lovadnainfaroaatian aath oo $ 4o it al A b e For o
OVIGCTCTOnOwWIir g o ator vt o Sp oot thgiar ottpouts 1o a. o4

r protected outputs: operating characteristics beyond 1,1 I, including the.ctrrent(s

r short-circuit-proof outputs: information for replacement or resétting the protectiv

istence of common points between channels;

rminal arrangements;

umber and type of outputs (for example, NO/NC contacts, solid state, individug
nnels, etc.);

r electromechapical relays, the rated current and voltage complying with 5.2.2.2.5;

tal output/current for multi-channel modules (see 3.38);

haracteristics of suppresser networks incorporated into the output circuit against vo

peration:

level(s) at
olved;

e device as

ne user, as

lly isolated

tage peaks

due

_ty

10 Inductive Kickback;

pe of external protective networks, if required;

— effects of incorrect output terminal connection;

— isolation potentials between channel and other circuits (including ground) and between channels

und

er normal operation;

— monitoring points of visual indicators in the channel (for example, MPU side/load side);

—recommended procedures for changing output modules;

— output behaviour during interruptions of MPU control, voltage drops and interruptions and power
up/down sequences (see also 5.6);
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— way of operation (i.e. latching/non-latching type);

— effects of multiple overloads on isolated multi-channel modules.
7.9 Information on digital outputs for direct current (current sourcing)

Information to be provided by the manufacturer for digital outputs for d.c. shall be the same as for digital
outputs for a.c., as defined in 7.8. However, the specification of commutation for zero-voltage crossing
does not apply, and with regard to electromechanical relay outputs, AC-15 is replaced by DC-13 in
5.2.2.2.5.

7.10 Information on analogue inputs
Besides thg type and standard range, the manufacturer shall provide the following information.
7.10.1 Information on analogue input static characteristics
Static characteristics Units and example$
1) Input impgdance in signal range (manufacturer should specify if this is in the on Q
or off state)
2) Analogue |nput error: -
* maximum error at 25 °C + % of full scale (which sfale)
« temgerature coefficient + % of full scale/K
3) Maximum ferror over full temperature range + % of full scale (which sgale)
4) Digital resplution Number of bits
5) Data format returned of the application programme Binary, BCD, etc
6) Value of a|LSB (least significant bit) mV, mA
7) Maximum [permanent allowed overload (no damage) V, mA
8) Digital output reading under overload condition For example, flag
9) Type of input For example, differentjal
10) Commor}-mode characteristics (d:c),a.c. 50 Hz, a.c. 60 Hz) if applicable CMRR-dB, CMV-V
11) For otherjinputs (thermocouples,.RTD, etc): -
* type(s) sensor(s) J, K, T, etc.: Pt, 100, efc.
« type(s) sensor(s) Min. °C to max. °C
* type(s) sensor(s) Internal or user-provided

7.10.2 Informatiomromanatogue inputdymamic characteristics

Dynamic characteristics Units and examples
1) Sample duration time (including setting time) ms
2) Sample repetition time ms

3) Input filter characteristics: -
* order First, second, etc.

« transition frequency Hz

4) Maximum temporary deviation during each specified electrical interference test + % of full scale
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7.10.3

Information on analogue input general characteristics

General characteristics

Units and examples

1) Conversion method
2) Operating modes
3) Type of protection

4) Isolation potentials under normal operation between channel and a) other
circuits (including ground), b) between channels, c) power supply(ies) and d)
interface(s)

5) External

rsupnly data _if required
e T

Dual slope, S.A, etc.
Trig, self-scan, etc..
RC, opto-isolator, MOVs, etc..
\Y,

Technicaldata

6) Common|points between channel if any

7) Type, length of cable, installation rules recommended to provide interference
immunity
8) Calibratign or verification to maintain rated accuracy
9) Terminal arrangements

10) Typical ¢xample(s) of external connections

11) Effect offincorrect input terminal connection

Twisted pairy50'm mpax

Month, years

7.10.4 Information on analogue input miscellaneous characteristics

Miscellaneous characteristics

Units and examples

1) Monotonigity with no missing codes

2) Crosstalk|between channels at d.c., a.c. 50 Hz and a.c. 60 Hz

)
)
3) Non-linedrity
4) Repeataljility at fixed temperature after specified stabilization time
)

5) Lifetime df electromagnetic relay multiplexers, if applicable

Yes, no
dB
% of full scale
% of full scale

Number of cycles, of hpurs

7.11 Information on analogue outputs
Besides th

7.11.1 Information-on‘analogue output static characteristics

b type and standard range, the manufacturer shall provide the following information.

Static characteristics

Units and examplqs

a |

1) Output impedanse-in-sighralrange-{rmanufacturersheuld-spesify-if-thisis-in-the

on or off state)
2) Analogue output error:
* maximum error at 25 °C
« temperature coefficient
3) Maximum error over full temperature range
4) Digital resolution
5) Data format returned of the application programme
)

6) Value of a LSB (least significant bit)

* % of full scale (which scale)
+ % of full scale/K
* % of full scale (which scale)
Number of bits
Binary, BCD, etc
mV, mA
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7.11.2 Information on analogue output dynamic characteristics

Dynamic characteristics Units and examples
1) Settling time for full-range change ms
2) Overshoot % of full scale
3) Maximum temporary deviation during each specified electrical interference test + % of full scale

7.11.3 Information on analogue output general characteristics

General characteristics Units and examples
1) Type of prptection Opto-isolator,/etc.
2) Isolation pptentials between channel and other circuits (including ground) and V
between chahnels under normal operation
3) External ppwer supply data, if required Technical data
4) For current outputs with external supply, the maximum and minimum voltage \%
drop across fhe output terminals in the full output range
5) Type, length of cable, installation rules recommended to provide interference Twisted pair, 50 m mgx
immunity

6) Calibration or verification to maintain rated accuracy Month, years
7) Terminal grrangements _
)

8) Common points between channels, if any -

9) Allowed type(s) of loads Floating, grounded
10) Maximum capacitive load (for voltage outputs) pF
11) Maximunp inductive load (for current outputs) mH

12) Typical ekample(s) of external connections -
13) Output rgsponse at power up and power down —

14) Effect of |ncorrect output terminal connectioty -

7.11.4 Infprmation on analogue output miscellaneous characteristics

Miscellaneous characteristics Units and examples
1) Monotonidity Yes, no
2) Crosstalk petweenichannels at d.c., a.c. 50 Hz and a.c. 60 Hz dB
3) Non-lineatity. % of full scale
4) Repeatability at fixed temperature after specified stabilization time % of full scale

7.12 Information on communication interfaces

If the manufacturer provides communication interfaces to other than his own equipment, he shall provide
the necessary information for correct operation. This may be achieved by referencing a specific standard
or specification together with details of any options such as baud rate, type of cable to be used, etc.

7.13 Information on main processing unit(s) and memory(ies) of the PLC-system

Information to be provided by the manufacturer for main processing unit(s) and memory(ies) shall be:
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— organization, capacity of programme memory;
— organization, capacity of data memory and number of bits per word;
— memory type(s) (i.e. CMOS-EPROM, etc.) available;

— memory back-up functionality and service requirements if any;

— data, constraints and procedures to determine a desired configuration (racks, cables, bus
expanders, power supply unit, maximum number of I/Os per type, maximum number of I/O

modules, etc.);

— description of the programming languages supported by the PLC-sysiem (combin
PAIDT and the main processing unit(s);

— tq what extent the languages defined in IEC 61131-3 are supported, includingthe d
any| (objects, instructions, semantic and syntactic rules, etc.);

— chlculation methods to determine every memory utilization (user'spapplication prog
datg, firmware programme and data where applicable) and average(values of every re
(scan time(s), system response time(s), transfer time(s), executiontime(s));

— mechanisms in which 1/Os are processed (i.e. use of I/O image registers periodically r
the[system, immediate “get/put” type instructions, interruptand event-driven programme
their effect on the following subjects:

* system response time(s);

* restart capabilities (i.e. cold, warm, hot'restart);

* detailed times for inputs, outputs;processing, etc.;

subclause) when they ‘are plugged/unplugged, connected/disconnected to
system interface;

* PLC-system status information concerning cold, warm and hot restart if
Description and,usage of programmable timers usable to determine the process
difference between warm and hot restart;

« self-téstand diagnostic functions implemented (see 5.8)

7.14 Information on remote input/output stations (RIOSs)

htion of the

fferences if

rfamme and
levant time

bfreshed by
s, etc.) and

« effect of non-permanently«installed peripherals on every relevant time (see it¢m 8 of this

their PLC-

applicable.
-dependent

The manufacturer shall provide the following information:

— specifications for the selection of adequate cables and other devices need
communication link;

ed for the

— specifications for proper installation of the whole system (including proper selection of energy

source(s));

— type of I/O communication network (point-to-point, star, multi-drop, ring, etc.)

— principles, procedures and transmission speeds used on the communication link and their
capability to transfer data from and to the RIOSs with respect to error coding/detection and to the

delays of transmission in the best, most likely and worst cases;
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— effect on transfer time(s) introduced to provide remote input information and RIOSs status to the
user's application programme and to transmit its logical decisions to remote outputs;

— specified values and delays according to 5.6;

— configuration related data: maximum number of RIOSs in 1 single PLC-system configuration,
min/max size of each;

— which /O modules of the total 1/0 system may not be used in RIOSs and/or which of their
functions are altered if any;

— type, architecture and characteristics of redundancy if provided;

— modems/repeaters if applicable. Maximum distance with or without repeaters;
— tefminating devices if required;

— physical characteristics of the communication interface including fsolation characteristics,
maxXimum acceptable common mode voltage, built-in short-circuit protections, etc.;

— type of standard link interface (i.e. RS 232, RS 422, RS 485, RS.511, etc.);
— fupctional and safety earthing specifications;

— prpcedures for making/breaking logical and physical,cennection of a RIOS to a PLC-$ystem (for
example, “on line”).

Information on peripherals (PADTs, TEs, HMIs)

The manufacturer shall provide the following information through convenient documentation and marking:

— clear warnings and precautions, {0 be observed when using functions enabling afteration of
confrol conditions such as PLC-system status modification, changing of data or programmes in the
memory, forcing input or output:signal, etc.;

— ugability of peripheralsat RIOSs;

— sdrvice conditions-fer/peripherals which are intended for use in an environment less severe than
statgd in Clause ¢ (such peripherals may need to be remotely connected to the rest gf the PLC-
system through eommunication lines);

— specifications for the selection of adequate cables and other devices needgd for the
commuhigation link;

— specifications for proper installation of the whole system (including proper selection of energy
source(s));

— type of communication network (point-to-point, star, multi-drop, ring, etc.)

— principles, procedures and transmission speeds used on the communication link and their
capability to transfer data from and to the RIOSs with respect to error coding/detection and to the
delays of transmission in the best, most likely and worst cases;

— terminating devices if required;

— physical characteristics of the communication interface including isolation characteristics,
maximum acceptable common mode voltage, built-in short-circuit protections, etc.;
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— type of standard link interface (i.e. RS 232, RS 422, RS 485, etc.);
7.16 Information on self-tests and diagnostics
The manufacturer shall provide the following information through convenient documentation and marking:

— description of tests and diagnostics which are implemented and when they are executed (i.e.
permanently, periodically, upon user's application programme request, during start-up procedure,
etc.);

— correct functioning state and driving conditions of the alarm output(s) (see 5.8).

8 Electrgmagnetic compatibility (EMC) requirements
80V D2 Modification of 8:

This clause and all its subclauses are informative.

8.1 Gengdral

As potential radiating equipment, the installed PLC-system afnd)other devices may emit conducted and
radiated electromagnetic interference.

As potentigl receiving equipment the PLC-system may be effected by externally generated conducted
interference, radiated electromagnetic fields and electrostatic discharges.

The requirements of 8.2 and 8.3 are intendedto characterize the EMC performance of the PLC-system
equipment| and are the responsibility of the manufacturer. The user, advised by the manufacturer, is
responsiblé for the electromagnetic compatibility of the product as installed.

Since the PLC-system is only 1 component of the overall automated system, this standard dges not deal
with the ENIC compatibility of the overall automated system.

If an optional EMC enclasure (for example, cabinet) or other protection device (for example, filter) is
specified by the manufacturer it shall be included as part of the equipment under test (EUT).

The EMC ¢nclostire’port is the physical boundary of the PLC-system through which electromagnetic fields
may radiatg onimpinge. See 3.46.

8.2 Emission requirements
8.2.1 General requirements for emission

For emissions, the objective of the requirements given in Table 27 is to ensure protection of the
radiofrequency spectrum.

8.2.2 Emission limits in the low-frequency range

Since the PLC-system is not connected to the public mains, there is no requirement up to 150 kHz.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

76

UL 61131-2

JUNE 10, 2021

8.2.3 Emission limits in the high-frequency range

Table 27
Emission limits

Port

Frequency range

Severity level

(normative)

Severity level

(optional)

Basic standard

Measured at 10 m

Measured at 30 m

60 dB(uV) average

distance distance

Enclosure port 30-230 MHz 40 dB(pV/m) quasi-peak 30 dB(pV/m) quasi- CISPR 11

(radiatdd) pean Class A, Group 1
230-1 000 MHz 47 dB(pV/m) quasi-peak 37 dB(uV/m) quasi-
peak
0,15-0,5 MHz 79 dB(uV) quasi-peak
- 66 dB(uV) average CISPR 11
AC powef port
(conducted) - -

0,5-30 MHz 73 dB(uV) quasi-peak Class A, Group 1

NOTE Emisdion limits at frequencies above 1 000 MHz are under consideration.

Requirements of this subclause are verified in accordance with9.3 and 9.4.

8.3 EMC immunity requirements

8.3.1 General

If a produgt is to be used in multiple zones, then it shall be designed and tested to the mpost severe
combination of requirements for its intended-zones.

PLC’s are| designed for Zone B._J)which encompasses Zone A) unless otherwise indlicated by
manufacturer’s information.
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Figure 11

EMC immunity zones

I L
Outdoor | :
I Zone B I Zone A
I
I Tertiary |
Zone C rotection |
I P 1 Zone A 1/0
I
Lightning —bglg FplAC = Falps2| [0l
I ©
1 | J
[ ! AN ~——— c/D
| : L.
! FVV\— 1.
| Protection
| |
Secondary I
protection F I
| gl
! !
Three—phase E g | | r
incoming pojwer | V
(publis mairfs) | IDC |
Outdogr Primary : | Zone BU)O | vV Y
devices protection _>§ |€_'_ F 1
\ I — PS g f£0)l/01/0l 1 |[/O[/O| Zone|A I/p
|
Protection network should be: A _/\/\/\,_q—l l | l—»—’\/\/\,—
appropriate to reduce Severity ]
Protection Levels from tzhuse gf outdoor to] L/ ( | L
— one
for outdoor <-| : c/0 | ¢/b
devices | : Protection network shoulff be appropriate to
. | Protection | | reduce Severily Levels frgm those of Zone B
Factory grounding System 1 to Zone A
$4868 2



https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

78

UL 61131-2 J

UNE 10, 2021

The picture shown in Figure 11 is meant to describe the EMC and interference coupling mechanisms in a
factory environment. Zone separation is determined by power distribution and I/O wiring. Dotted lines are
not meant to indicate physical separation or segregation. The letters referred to in Figure 11 (F, K, C, D,
etc.) correspond to those referred to in Figure 2. They describe interface/ports.

Zone C = Factory mains (isolated from public mains by dedicated transformer), primary surge protection
and severe interference coupling.

Zone B = Dedicated power distribution, secondary surge protection and moderate industrial interference

coupling.
Zone A = Local power distribution, protected, I/O impedance limiting and low interference couplipg.
Table 28
EMC immunity zones
EMC Zones EMC considerations
Zone C Factory mains distribution Primary surge protection Severe voltage surpe coupling
High rated voltage 4000 V]
Zone B Dedicated power distribution Secondary surge protection Moderate voltage surge
coupling
<300 V rated voltage 1/0 impédance limiting 2000 V]
Zong A Local power distribution 1/Q impedance limiting Low-voltage surgg¢ coupling
<120 V rated voltage 1000 V
<100 V rated voltage 800V
<50 V rated voltage 500V
8.3.2 Performance criteria
Table 29
Criteria to prove the.performance of a PLC-system against EMC disturbances
Performance criterion
Criterign Operation
During test After test
A The PLC-system shall continue to operate as The PLC-system shall continue to operate as
intended. No loss of function or performance, intended
nr‘r*nrrﬁng ta PE\/Ps {E)
B Degradation of performance accepted The PLC-system shall continue to operate as

Examples: analogue values vary within
manufacturer-specified limits, communication delay
times vary within manufacturer-specified limits,
flickering on HMI display, etc.

No change of operating mode

Examples: loss of data or uncorrected errors in
communication, unintentional state changes of
digital I/O which are seen by the system or test set-

must be self-recoverable

intended. Temporary degradation of performance

Table 29 Continued on Next Page
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Table 29 Continued
Performance criterion
Criterion Operation
During test After test
No irreversible loss of stored data, according to
PFVPs (2.5)
C Loss of functions accepted, but no destruction of The PLC-system shall continue to operate as
hardware or software (programme or data) intended automatically, after manual restart or
power off/power on
8.3.3 General radiated immunity limits
Table 30
Radiated immunity and enclosure ports (1) Conducted immunity, Zones A-B
Environmeptal | Basic standard Units Test severity Test set-up Normative P¢rformance
phenomerjon items criteria
Electrostatic IEC 61000-4-2 kV +4 Contact Table36 (1) B
discharge +8 Air B
IEC 61000-4-3 GHz 1,4-2,0
Radio-frequgncy MHz 800-960
Electro-maghetic MHz 80-1 000
field Table 37 “) A
Amplitude V/m 10
modulated
% AM, 1kHz 80
Sinusoidal
Hz 60 Table 38 2), (3) A
Power frequéncy Al 30
o IEC 61000-4-8
magnetic fields Hz 50 Table 38 ), (3) A
A/m 30
(1) The ESD|test shall be applied t0 (a) operator accessible devices (for example, HMI, PADT and TE) (b) enclosure p¢rts, (c)

connectors ip place and metal,.connectors) which are not protected from casual access. The ESD test shall not be applied to
communications ports without:‘connectors in place, 1/0O ports or power ports.

(2) This test |s meant to test equipment sensitivity to magnetic fields normally occurring on the factory floor. The test isjonly

and induction heating processes. This requirement may be satisiied Dy the test being applied to the sensitive device at the device
manufacturer.

(3) There will be no deviation up to 3 A/m. Above 3 A/m the manufacturer will specify the allowed deviation for CRT display
interfaces.

(4) This level does not represent the field emitted by a transceiver in close proximity to the PLC-system.

service accepsible parts (for example, switches, keyboards, protective/functional earth, module housing, communicatipns ports with

Zone B levels are the most typical industrial environmental levels.
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Table 31
Conducted immunity, Zone B
Environmental Fast transient burst High energy surge Radio frequency
phenomenon interference
Basic standard IEC 61000-4-4 IEC 61000-4-5 IEC 61000-4-6
Test set-up Table 39 Table 40 Table 41
Performance criteria B B A
Normative items 1), (2)
Interface/Port Figure 2 | Specific interface/port
(designation
Data commuhpication Communication - - -
(Al'and Ar fof I/0 racks | Shielded cable 1kV (5) 1kVv CM 3\ (5)
and - - -
Be, Bi and E[for Unshielded cable 1kV (5) No test 3\ (5)
peripherals)
AC /O 2kV (5) 2kV CM 3\ (5)
(unshielded) 1 k. DM
Digital and apalogue Analogue or 0,5kV CM
I/0s (C and ) DC /O 1kV (5) 1kV (5) 3\ (5)
(unshielded)
All shielded lines (to 1kV (5) 1kV CM 3\ (5)
shield)
AC power 2kV 2 kV CM 31V
. 1 kV DM
Mains power|(F)
DC power 2kV (4) 1kV CM 3V
0,5kV DM
Protective egrthing (G) | Protective earth No test No test Noltest
Functional egrthing (H) | Functional earth 1kV (5) No test 31V
3)
1/0O power (J I/0 and 1kV 2kV CM 3V
and a.c. auxiliary power 1 kv DM
auxiliary power output I/0 and 1kV (4) 0,5kV CM 3V
0 dicrauxiliary power 0,5 kV DM
(1) Not appligable to d(c. power ports intended for connection to a battery or a rechargeable battery that must be remoyed or
disconnecteq from thexequipment for recharging. The test is applicable to d.c. power ports, unless cables are specified <10 m a.c.
Power ports jo bé\tested regardless of specified length.
(2) For non-mains power parts with cables e'nprifipd <30 m naotestis needed
(3) If this port is used for shield returns, this port would be tested as a consequence of the shielded cable test. Otherwise, no
specific test of this port is required.
(4) For ports with cables specified <10 m, no test is needed.
(5) For ports with cables specified <3 m, no test is needed.

Zone A levels apply where installation practices reduce industrial environmental levels below those of
Zone B. Referring to Figure 11, these may be installation of protection networks, a.c. / d.c. converters,
isolation transformers, surge suppressers, etc.
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Table 32
Conducted immunity, Zone A
Environmental Fast transient burst High energy surge Radiofrequency
phenomenon interference
Basic standard IEC 61000-4-4 IEC 61000-4-5 IEC 61000-4-6
Test set-up Table 39 Table 40 Table 41
Performance criteria B B A
Normative items (1), (2)
Interface/Port Figure 2 Specific interface/port
(designation
Data commynication Communication - - -
(Al'and Ar fof I/0 racks Shielded cable 0,5kV (5) 0,5kV CM 3V (5)
and - - -
Be, Bi and Ejfor Unshielded cable 0,5kV (5) No test 3NV (5)
peripherals)
AC I/O 1kV (5) 1kVEM 3V (5)
(unshielded) 0,5 kv DM
Digital and aphalogue Analogue or d.c. /0 0,5kV (5) No test 3NV (5)
1/Os (C and D) (unshielded)
All shielded lines 0,5kV (5) 1kVCM 3V (5)
(to shield)
AC power 1kV 1kV CM BV
Mains powel (F) 0,5 kV DM
DC power TV (4) 0,5kV CM BV
Protective edrthing (G) Protective earth No test No test No test
Functional egrthing (H) (3) | Functional earth 0,5kV (5) No test BV
1/O power (J 1/0 and a.c. auxiliary, 0,5kVv 1kV CM BV
and power 0,5 kV DM
auxiliary power output (K) | 1/0 and d.c. auxiliary 0,5kV (4) No test BV
power
(1) Not appligable to d.c. power partsjintended for connection to a battery or a rechargeable battery that must be remoyed or
disconnected from the equipment fof recharging. The test is applicable to d.c. power ports, unless cables are specified <10 m. AC
power ports fo be tested regardless of specified length.
(2) For non-mains power.perts with cables specified <30 m, no test is needed.
(3) If this port is used\for-shield returns, this port would be tested as a consequence of the shielded cable test. Otherwige, no
specific test pf this pert is required.
(4) For ports|with.cables specified <10 m, no test is needed.

(5) For ports with cables specified <3 m, no test is needed.

Conditions of use may require installation in Zone C. The manufacturer may elect to provide equipment for
this installation by utilizing the levels given in Annex D.

8.3.4 \Voltage drops and interruptions power ports

These limits apply to the mains power interface/port (F) in Figure 2.
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For short disturbances of the supply as defined in Table 33, the PLC-system (including RIOSs (see 5.6)
and non-permanently installed peripherals) shall maintain normal operation.

For longer interruptions of the supply(ies), the PLC-system shall either maintain normal operation or go to
a predefined state and have a clearly specified behaviour until normal operation is resumed.

NOTE Outputs and fast responding inputs energized by the same supply(ies) will respond to these power supply variations.

Table 33
Voltage drops and interruptions

(5 (3), (4) Maximum Time interval between Lewvoltage
interruption drops
Time
i >
DC supply Severity level PS1 1ms 21s Any voltage under
- Severity level PS2 10 ms 21s lower opergtional limit
AC supply - 0,5 period (1) 21s Ue nfn (2)

1) Any arbitfary phase angle (see 9.12).

2) Ug min is the U at minimum tolerance in Table 6.

4) PS2 applies to PLC-systems energized from rectified a.c. supplies and/optong’d.c. lines.

(1)
)
(3) PS1 applfes to PLC-systems supplied by battery.
(4)
(5)

5) Voltage irjterruptions are from Ug min

Requirements of this subclause are verified in accordance with 9.12.
8.4 Requirements for EMC tests and verifications

Test and verifications for EMC shall be performed by the manufacturer, in accordance with Clau

U7r
(0]
[<e]

8.5 Requ|rements for information.on EMC
Informationfon EMC shall be(provided by the manufacturer, in accordance with 10.
9 Electromagnetic compatibility (EMC) type tests and verifications

For EMC type tests, also refer to pass-fail criteria (Table 29).

IDV-B2-Medification-of9:

This clause and all its subclauses are informative.

9.1 Electromagnetic compatibility-related tests

The conducted and radiated emissions and immunity of the PLC-system must be tested according to the
manufacturer’s installation guideline.

All EMC tests shall be conducted in a well-defined and reproducible manner.

All EMC tests are type tests.
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It may be determined from consideration of the electrical characteristics and usage of a particular
apparatus that some tests are inappropriate and therefore unnecessary. In such cases, it is required that
the decision and justification not to test is recorded in the test report.

9.2 Test environment

The EUT is located in the specified test site and any auxiliary equipment shall be located outside the
influence of the test environment. For certain environments, it is appropriate to expect that potential
interference victims will be located at least a minimum distance from the radiator. In the industrial
environment, the expected distance is 30 m.

All input/0L||tput cables can be normally looped back for monitoring and testing and/or can bge| terminated
with a reprgsentative load.

In general,|for multi-channel I/O, 1 circuit may be tested to represent all channels. On and off s{ates and/or
points representing the range of allowed loads must be tested.

9.3 Meaqurement of radiated interference

Table 34
Radiated emission measurement
Reference test CISPR 11
Test configuration accordance with CISPR 11 and CISPR 16-1 (2
Distance and method (1) See Table 27
Details of mounting/support Installed according to manufacturer’s specificatign
Frequency range See Table 27
Class A Limits See Table 27

(1) The megsurement distance is the distance between the EUT or its enclosure and the receiving antenna for test sit
measuremepts, or the measurement distance is the distance between the exterior wall of the building in which the eqdipment is
situated and the receiving antenna, foriin situ measurements.

(2) Tests mdy be conducted on/radiation test sites, which do not have the physical characteristics of an open-air test srte. An
alternative rfdiation test siteqn the frequency range 30 MHz to 1 GHz shall be acceptable if the horizontal and vertical|site
attenuation neasurement$imade according to 16.6 of CISPR 16-1 are within 4 dB of the theoretical site attenuation fs given in
CISPR 16-1|Table G.1,.G2; or G.3. Alternative radiation test sites shall allow for, and be validated for, the measuremgnt distance
in the frequgncy range of 30 MHz to 1 GHz. Evidence shall be obtained to show that such alternative sites will yield vglid results.

9.4 Meadurement of conducted interference

Table 35
Conducted emission measurement
Reference test CISPR 11
Test configuration and method In accordance with CISPR 11, CISPR 16-1 and -2
Applicable ports AC power port (F) (1)

Table 35 Continued on Next Page
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Table 35 Continued

Reference test CISPR 11

Details of mounting/support Installed according to manufacturer’s specifications
Frequency range See Table 27
Class A limits (2) See Table 27

(1) DC mains are under consideration.

(2) Impulse interference (click) which occurs less than 5 times per minute is not considered. For clicks appearing more often than
30 times per minute the Timits apply. For clicks appearing between 5 and 30 times per minute a relaxation of the Timits ¢f 20 log
30/N (where | is the number of clicks per minute) is allowed.

9.5 Electrostatic discharge

Table 36
Electrostatic discharge immunity test

Reference test IEC 61000-4-2
EUT configuration According/to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support Aceording to manufacturer’s specifications and IEC 61(00-4-2
provisions
election of application points The ESD test shall be applied to (a) operator accessible deviges (for

example, HMI, PADT and TE) (b) enclosure ports, (c) servicelaccessible
parts (for example, switches, keyboards, protective/functiondl earth,

- module packaging, communications ports with connectors in[place and
metal connectors) which are not protected from casual accegs. The ESD
test shall not be applied to communications ports without connectors in
place, 1/0O ports or power ports

Test application -

Contact.discharge EUT, horizontal and vertical coupling planes
Air discharge EUT
Test levels See Table 30 or Table D.1
Time between two discharges 21s
Number of discharges on each selected point Ten discharges after the equipment is discharged to earth
Measurement and verification during loading According to PFVP (2.5)
Performance criteria See Table 30 or Table D.1 (1)

(1) If the system deviates only once during the test, a second trial of 10 discharges shall performed; if more nonallowed deviations
are observed, failure of the ESD test shall be declared.
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9.6 Radiofrequency electromagnetic field — Amplitude modulated

Table 37
Radiated electromagnetic field immunity test

Reference test IEC 61000-4-3
EUT configuration According to manufacture’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support The EUT is placed in the calibrated test field
Frequency range to be swept See Table 30 or Table D.1 (2)s(Note)
Modulation See Table 30 or Table D.1
Sweep speed 1,5 x 40 decade/s
Test field strength See Table 30 or Table D.1 (1)
Measufement and verification during loading According to PFVP (2.5)
Performance criteria See Table 30 or Table D.1
(1) Except for the ITU broadcast frequency bands: 87-108 MHz, 174230 MHz and 470-790 MHz where the level shal| be 3 V/m.
(2) Conductgd immunity requirements 9.10, for 26-80 MHz may be satisfied by utilizing this test over the 26-80 MHz range. See
Table 41.
NOTE See glso Annex H, IEC 61000-4-3.

9.7 Power-frequency magnetic fields

Table 38
Power-frequency magnetic field immunity test
Reference'test IEC 61000-4-8
EUFeonfiguration According to manufacture’s specifications
Ihitial measurements According to PFVP (2.5)
Details of mounting/support The EUT is immersed

- in the magnetic field of a 1 m x 1 m induction coil.

Frequency (power line) See Table 30 or Table D.1
Test condition Immersion method in continuous field
Test field strength See Table 30 or Table D.1
Measurement and verification during loading According to PFVP (2.5)
Performance criteria See Table 30 or Table D.1 (1)

(1) For CRTs, the performance criteria is B, if the field is 23A/m.
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9.8 Fast transient bursts

Table 39
Fast transient burst immunity test

Reference test IEC 61000-4-4
EUT configuration According to manufacturer’s specifications
Initial measurements Initial measurements
Details of mounting/support The EUT shall be such as to eliminate the radiated EMI recgived on I/O

wiring by the specified capacitive coupling

Beverity level at rated voltage See Table 31, Table 32 or TableD.2

Duration 1 min minimum

Application ports/methods -

Communication (Al, Ar, Be, Bi, and E), I/0 (C and D), 50-200.pF capacitive clamp coupling
1/0 Power (J) and auxiliary power output (K) -

AC/DC power (F) 33 nF direct coupling
Measurément and verification during loading According to PFVP (2.5)
Performance criteria See Table 31, Table 32 or Table D.2

NOTE The rg¢peatability of this test is closely related to theynumber and relative position of wires within the capacitive cpupling
clamp.

9.9 High-pnergy surges

Table 40
High-energy surge immunity test

Reference test IEC 61000-4-5

EUT, configuration According to manufacturer’s specifications

Loaidianrd " A "h PR =Y i W] = W22 10
miiarmeasurcinicIi g ALLUIUINY WU T viE(£.J)

Details of mounting/support According to manufacturer’s specifications
Severity level ;t rated voltage See Table 31, Tat:Ie 32 or Table D.2
Number of_discharges Five each in positive ;nd negative polarities
Repetit_ion rate 1/min m_aximum

Table 40 Continued on Next Page
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Table 40 Continued

Reference test

IEC 61000-4-5

Application ports/methods

Shielded communication (Al, Ar, Be, Bi, and E) and
shielded 1/0O (C and D)

Unshielded communication (Al, Ar, Be, Bi, and E) and
unshielded I/O (C and D),

1/0 Poyer(Jl) and auxiliary power autput (K)

Direct coupling by wired capacitance method

20Q/10nF between shield and reference ground

420/0,5 yF CM 42Q/0,5 uF DM

AC/DC power (F)

12 Q/9 yF CM 2Q/18 uF DM

Measuremeht and verification during loading

Performanceg criteria

According to PFVP (2.5)

See Table 31, Table 32 or Table D.2

9.10 Corlducted radiofrequency interference

Conducted RF immunity-test

Table 41

Reference test

IEC 61000-4-6 (2), (Note1)

EUT configuration

Initial measurements

Details of mounting/support
Severity level at rated voltage

Frequency range to"be-swept

Médulation

Sweep speed

According to manufacturer’s specifications

According to PFVP (2.5)

The EUT shall be such as to eliminate the radiated EMI recgived on 1/0
wiring by the specified magnetic coupling

Severity level at rated voltage

150 kHz-80 MHz (1), (Note 2)

80 % AM by a 1 kHz sinusoidal

1,5 x 10 decadels

Test level (unmodulated)

Application points

Communication (Al, Ar, Be, Bi, and E), I/0O (C and D),
a.c./d.c. power (F), functional earthing (H), /O power
(J) and auxiliary power output (K)

See Table 31 (3), Table 32 (3) or Table D.2

All cable between EUT and clamp or CDN is as short as possible

(max. 0,3 m)

CDN, EM or current coupling clamp

Table 41 Continued on Next Page
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Table 41 Continued

Reference test IEC 61000-4-6 (2), (Note1)
CDN, EM or current coupling clamp According to PFVP (2.5)
Performance criteria See Table 31, Table 32 or Table D.2

(1) There are no new radiators below 26 MHz. Additionally, history has shown no difficulty below 26 MHz. So, no test is necessary
below 26 MHz. The 0,15-26 MHz band is exempted from test.

(2) Conducted Immunity requirements, for 26-80 MHz, may be satisfied by utilizing the radiated electromagnetic field immunity test
over the 26-80 MHz range. See Table 37.

(3) For the 3 V open-circuit test level, if (2) is exercised, a 10 V/m field strength should be used.

NOTE 1 See[also Annex H, IEC 6 1000-4-3.
NOTE 2 Notg¢s on test level selection and Annex B of IEC 61000-4-6.

9.11 Dampped oscillatory wave (for zone C only)

Table 42
Damped oscillatory wave immunity test

Reference test TEC 61000-4-12
EUT configuration According to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Details of mounting/support According to manufacturer’s specifications
Test description -
Waveform Damped oscillating wave the envelope of which reaches 5P % of the
_ initial peak value after 3 to 6 cycles (verify the sinusoidal shape of the
wave)

- 1MHz +10 %

Frequency 200 Q + 10 % unshielded
Source impedance 400/s
Repetition rate 2 s minimum
Test duration 2 m maximum

Length.te/connection -

- See Table D.2
Beverity level at rated voltage -
Application points/method: CM, DM
1/0 (C and D), a.c./d.c. power (F), I/O power (J) and -
auxiliary power output (K)
Measurement and verification during loading According to PFVP (2.5)
Performance criteria See Table D.2

9.12 Voltage drops and interruptions — Power port type tests and verifications
Power ports are mains power input port, port F, Figure 2.

Perform the proper functional verification procedure of 2.5 during tests.
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Table 43
Voltage drops and interruptions immunity test

Reference test None
EUT configuration According to manufacturer’s specifications
Initial measurements According to PFVP (2.5)
Supply voltage and frequency U, minto 0 (zero) V, F,

Test description _

AC supply interruption -

Duration base 0,5 period, starting at zero-crossing (1), (2)
Number of trials 20
Time interval between trials 1s<timeinterval<10s

DC supply interruption -

Duration PS1:21 ms; PS2: 2 10ms (2)
Number of trials 20
Time interval between trials 1s<timeinterval<10s
Measufement and verification during loading According to PFVP (2.5)

- Normal operation shall be maintained (3)

Verification after tests According to PFVP (2.5)

Performance criteria A
(1) Optionally, the manufacturer may elect to interrupt supply at a rahdom phase angle.

(2) The manufacturer may state longer interruptions.

(3) Fast responding inputs energized by the same power.supply may be affected temporarily during the disturbance blt shall
resume norinal operation after the disturbance.

10 Electiomagnetic compatibility.(EMC) information to be provided by the manufacturer
Information to be made available tan be in other than printed form.

General rujes of installation are noted in IEC 61131-4. Specific installation information shall be provided by
the manufgcturer.

The manufacturer'shall state if its devices are intended to be used under normal service condifions or in a
less severg environment (for example, office environment). If the PLC is intended for other than Zone B
(which encompasses Zone A), the manufacturer shall state the intended zone.

The test report shall describe all the tests, the rationale for the selection of the typical (representative)
configuration of the EUT and the test results.

The EUT software used during the test shall be documented.
10DV D2 Modification of 10:

This clause is informative.
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11 Safety requirements

This section specifies safety requirements for PLC-systems equipment (i.e. MPU, RIOSs, permanently /
non-permanently installed peripherals). Components connected to the mains power supply of the
installation, such as power supplies, /0 modules, communication interfaces, and memory subsystems are
also subject to the applicable provisions of this clause.

11.1 Protection against electrical shock

Protection against electric shock of the PLC-system shall be maintained in normal and singlefault
condition. Accessible parts of equipment shall not be. or in the case of a single fault become, hazardous

live. Althou
equipment.
to the mand

Protection
accessibilit

requiremen

SELV/PELV\

ph they are principally directed at enclosed equipment, these requirements also ap
When applied to open equipment, the equipment shall be considered to be installed
facturer’s instructions.

shall be by compliance with the dielectric strength requirementsqin~11.1.4, th
requirements of 11.1.5, the normal condition requirements ,0f\11.1.6, the
ts in 11.1.7 and the clearance and creepage requirements in 11.4(

circuits do not pose a risk of electric shock and do not require“additional evaluation,

ply to open
according

a)
-

operator
single-fault

11.1DV D2 Modification of 11.1:

Prgtection against electric shock is only ‘required in normal conditiong, and is
demonstrated by compliance with the normal condition requirements of the [following:
dielectric strength requirements in 11.1.4;the shock protection requirements of 11.1.5, the
nofmal condition requirements of 11.1.6, and the clearance and creepage requirements in

1.4

11.101DV D2 Addition to 11.1:

Circuits identified in Annex DVD as not posing a risk of electric shock do n
additional evaluation other than as noted in Annex DVD.

jot require

11.1.1 Pefrmissiblélimits for accessible parts
To ensure thatraccessible parts are not hazardous live, the voltage, current, charge or energy hetween an
accessible |part_and reference test earth, or between any 2 accessible parts on the same piece of
equipment within a distance of 1,8 m (over a surface or through air), shall not exceed the values of

11.1.1.1 in normal condition nor of 11.1.1.2 in single-fault condition.

The accessible voltage shall be measured. If the voltage is below the limit of 11.1.1.1 or 11.1.1.2 as
applicable, accessible current and capacitance need not be measured. If the voltage exceeds that value,
the current and capacitance shall be measured.

11.1.1.1 Values in normal condition
Values above the levels of a), b) or ¢) in normal condition are deemed to be hazardous live.

a) The voltage levels are a.c. 30 Vr.m.s. and 42,4 V peak or d.c. 60 V.
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b) If the voltage exceeds one of the values of a), the current levels are

—a.c. 0,5 mA r.m.s. for sinusoidal waveforms, 0,7 mA peak for non-sinusoidal waveform or
mixed frequencies, or d.c. 2 mA, when measured with the measuring circuit of IEC 61010-1,
Annex A, Figure A.1. Alternatively, the measuring circuit of IEC 61010-1, Annex A, Figure

A.2 can be used if the frequency does not exceed 100 Hz;

—a.c. 70 mA r.m.s. when measured with the measuring circuit of IEC 61010-1, Annex A,

Figure A.3.

NOTE This relates to possible burns at higher frequencies.

c)

1"

Re

1.1.1.2
Values abd

a) Tl

b) |

NOT,

c)l
Fig

the vnlfagp exceeds aone of the values of 2) the r‘hnrgp ar energy of capacitance ley
— 45 uC charge for voltages up to 15 kV peak or d.c.;

— 350 mJ stored energy for voltages above 15 kV peak or d.c.

1.1.1DV D2 Modification to part b) of 11.1.1.1:

Values in single-fault condition
ve the levels of a), b) or c) in single-fault condjtion‘are deemed to be hazardous live.

he voltage levels are a.c. 50 V r.m.s. and.#0'V peak or d.c. 120 V.
the voltage exceeds one of the valugs, of a), the current levels are

—a.c. 3,5 mA r.m.s. for sinusoidal waveforms, 5 mA peak for non-sinusoidal W
mixed frequencies, or d.¢.-15 mA, when measured with the measuring circuit of

A.2 can be used if the-frequency does not exceed 100 Hz;

—a.c. 500 mAr:m.s. when measured with the measuring circuit of IEC 61010-

Figure A.3.
E This relates toypossible burns at higher frequencies.

the voltage exceeds one of the values of a), the capacitance levels are those of IE
ire 2.

1"

ference UL 61010C-1, Annex A, Figures A.1, A.2 and A.3 for current measuring,.

els are

aveform or
IEC 61010-

1, Annex A, Figure A1 Alternatively, the measuring circuit of IEC 61010-1, Annex A, Figure

, Annex A,

C 61010-1,

.1.1.2DV.1 D2 Modification to part b) and c) of 11.1.1.2:

Reference UL 61010C-1, Annex A, Figures A.1, A.2 and A.3 for current measuring.

1"

.1.1.2DV.2 D2 Modification of 11.1.1.2 by adding the following item d):

d) Circuits identified in Annex DVD as not posing a risk of electric shock do not require

ad

ditional evaluation other than as noted in Annex DVD.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

92 UL 61131-2 JUNE 10, 2021

11.1.2 Open PLC-system equipment

Open PLC-system equipment is equipment that may have live electrical parts accessible, for example, a
main processing unit.

Protection against electric shock shall be provided for those interfaces that are intended for operator
access (see Table 44 for clarification). No other means of protection against electric shock are required
except the enclosure required for the ultimate application.

Open equipment is to be incorporated into other assemblies manufactured to provide safety.

11.1.3 Enl:losed PLC-system equipment
Enclosed PLC-system equipment is equipment which is enclosed on all sides, with the possible exception
of its mounting surface, to prevent personnel from accidentally touching live or maoving party contained

therein, to
and meetir
protection @

protect the equipment against ingress of 12,5 mm diameter and greater solid fore
g requirements of mechanical strength, flammability, and stability (where applig
egree must be = IP20.

gn bodies,
able). The

NOTE IP ratings as defined in IEC 60529.
As part of the requirement to provide protection against electricakshock, each entity of an enclosed PLC-
system shgdll comply with the requirements of class | (see 1161.3.1), class Il (see 11.1.3.2), class Il (see

11.1.3.3) of

Protection

1.
1.
1.

An

11.1.31 (¢

Class l equ

a mix thereof. The protection degree shall be = [R20.

hgainst electric shock shall be provided:for those interfaces that are intended for operator
access (se¢ Table 44 for clarification).

1.3DV D2 Modification of 11.1.3:

1.3DV.1 The minimum required enclosure rating is type 1 as defined in Annex [

hex DVD, need not'be so enclosed.

lass | equipment

pment is equipment in which protection against electric shock does not rely on basi

)VE.

1.3DV.2 Class 2, limited voltage/current and limiting impedance circuits, as degcribed in

C insulation
led for the

only, but w|

hick’ includes an additional safety precaution in such a way that means are provi

connection of accessible conductive parts to the protective earth conductor in the fixed wiring of the
installation in such a way that accessible conductive parts cannot become live in the event of a failure of
the basic insulation.

NOTE Class | equipment may have parts with double insulation or reinforced insulation, or parts operating at safety extra-low
voltage.

Equipment for use with a flexible cord (such as PADTs) shall include a provision for a protective earth
conductor that must be part of the cord set.

Accessible conductive parts of a PLC-system, which may become hazardous live in the event of a single
fault, shall be connected to the protective circuit of the PLC-system. This does not apply to accessible
conductive parts, such as screws, rivets and nameplates, which can become hazardous live under single-
fault conditions.
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When a part of the PLC-system is removed from the enclosure, for normal maintenance, for example, the
protective circuits serving other parts of the PLC-system shall not be interrupted.

Protective

earthing requirements shall be as specified in 11.9.

11.1.3.2 Class Il equipment

Class Il equipment is equipment in which protection against electric shock does not rely on basic insulation
only, but in which additional safety precautions, such as double insulation or reinforced insulation are
provided, there being no provision for protective earthing or reliance upon installation conditions.

Such equig

1)i
eng
parn

insullation at least equivalent to reinforced insulation;

2)
eng

insuilation is used;

3) €

NOT

the feinforced insulation.

NOT
cont

NOT

Protective
the access]

Class Il ed
internal co
accessible

Class Il eq
purposes
provided fq

ment may be of one of the following types:

hsulation-encased class Il equipment: equipment having a durable and substantially|
losure of insulating material which envelops all conductive parts, with, the”excepti
s, such as nameplates, screws and rivets, which are isolated from“hazardous li

metal-encased class Il equipment: equipment having asubstantially contin
losure, in which double insulation is used throughout, exceptfor those parts wher

quipment which is a combination of types 1) and 2)

E 1 The insulated enclosure of a class |l equipment may,fortn'a part of the whole of the supplementary

E 2 If equipment with double insulation and/or reifforced insulation throughout has a protective earth
Act, it is deemed to be of class | construction.

E 3 Class Il equipment may have parts operating at safety extra-low voltage.

impedance may be used in-ieu of double insulation provided the protective imped
ble conductive parts to a-current of 5 mA or limits open-circuit voltage to values for S

uipment may be previded with means for maintaining the continuity of circuits (i. 6
circuits of the equipment.
uipmentmay be provided with means for connection to the earthing terminals fo

such=as radiofrequency interference suppression) provided the double insulation sy
r protective purposes.

I

continuous
on of small
ve parts by

ous metal
reinforced

nsulation or of

hg terminal or

ance limits
ELV.

. grounded

mponents or conductive surfaces) provided that these circuits are double insulated from the

r functional
stem is still

1.

1.3.2DV DR Modification of 11.1.3.2:

Class Il construction is not permitted for permanently connected equipment.

11.1.3.3 Class lll equipment

Class Il equipment is equipment in which protection against electric shock is provided by circuits supplied
by safety extra-low voltage (SELV) and where voltages generated do not exceed the limits for SELV.

Class lll equipment may be provided with means for connection to the earthing terminals for functional
purposes (such as radiofrequency interference suppression).
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Wiring for SELV/PELV circuits shall be either segregated from the wiring for circuits other than
SELV/PELYV, or the insulation of all conductors shall be rated for the higher voltage. Alternatively, earthed
screening or additional insulation shall be arranged around the wiring for SELV/PELYV circuits or around the
wiring of other circuits.

11.1.3.3DV D2 Modification of 11.1.3.3 by adding the following:

11.1.3.3DV.1 Internal wiring

11.1.3.3DV.1.1 For other than Class 2 or Class 3 circuits, as defined in Article 725 of the
National Electrical Code. NFPA 70, the equipment shall be constructed so that a conductor,

in
pe
co

1.

separation of circuits during the full range of movement.

1.

11.1.4 Die¢lectric strength

The dielect
reinforced ¢

However, th

-b
eart

— of
rele

uding a field-installed conductor of any circuit is segregated by means of am
manent 6.4 mm physical separation or separated by means of a barrier from-p
tact with:

a) A conductor connected to any other circuit unless the conductors of bo
shall be insulated for the maximum voltage of either circuit.

b) An uninsulated live part of any other circuit.

1.3.3DV.1.2 A conductor subject to movement during normal operation shall m

fic withstand type test of 12.2.1«8hall be performed between all parts and circuits w
r double insulation are specified for protection against electric shock.

e dielectric withstand type'test of 12.2.1 need not be carried out

btween SELV/PELV circuits and operator-accessible conductive parts (frames, ¢
n terminal, etc.);

units (pafts of the basic PLC-system) which have been tested separately accor
ant standards provided:

nimum
hysical

h circuits

Rintain

1.3.3DV.1.3 Isolated secondary circuits as defined in Annex DVD are considered to
comply with these requirements.

here basic,

tnclosures,

Hing to the

— wheén the values given in Table 52, Table 53 and Table 54 have been met, as appropriate, and

— their dielectric strength is not impaired by assembly.

11.1.4DV D2 Modification of 11.1.4 by adding the following:

11.1.4DV.1 Dielectric strength tests conducted in conjunction with temperature, Overload
and Endurance tests outlined in Clause 12 are considered to cover requirements in this

cla

use.

11.1.4DV.2 The dielectric withstand type test of 12.2.1 must be carried out for equipment
rated not more than 50 volts.
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11.1.5 Operator accessibility

Table 44 defines operator accessible ports of a PLC-system. Under special circumstances, some ports of
either open or enclosed equipment may or may not be considered operator-accessible. This must be
agreed upon between the manufacturer and the user.

Table 44
Operator accessibility for open and enclosed equipment

Operator accessible

Port Open equipment Enclosed
eqliipment

Al (communjcation interface/port for local 10 extension rack) No Yes
Ar (commurfication interface/port for remote 1O station) No Yes
Be (open cogmmunication interface/port also open to third-party devices (for Yes Yes
example, pgrsonal computer used for programming instead of a PADT)
Bi (internal gommunication interface/port for peripherals) No Yes
C (interfacejport for digital and analogue input signals) No Yes
D (interfaceqport for digital and analogue output signals) No Yes
E (serial or parallel communication interfaces/ports for data communication with Yes Yes
third-party devices)
F (mains pover interface/port) No Yes
G (interfacefport for protective earthing) No Yes
H (interfaceqport for functional earthing) No Yes
J (/0 powetinterface/port used to power sensors and actuaters) No Yes
K (auxiliary power output interface/port) No Yes

11.1.6 Protection in normal condition

Operator-dccessible parts shall be prevented from becoming hazardous live under normal gondition by
one or more of the following means:

a) Hasic insulation;

NOTE This can.be provided by suitable insulating materials, transformers, and opto-isolators.

b) gnclosures or barriers;

¢) protectiveimpedance(see 1 7-37:

Enclosures and barriers shall meet the rigidity requirements of 11.7.2.2. If enclosures or barriers provide
protection by insulation, it shall meet the requirements for basic insulation.

Clearances, creepage distances and insulation between accessible parts and hazardous live parts shall
meet the requirements of 11.4 and the applicable dielectric strength requirements for basic insulation.

Compliance is checked

a) by the determination of 12.1.2;

b) by the requirements of 11.1.4 for dielectric strength of basic insulation;
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c) by the tests of 12.1.7 for rigidity of enclosures and barriers.

NOTE Materials, which can easily be damaged, are not considered to provide suitable insulation, for example lacquer,
enamel, oxides, anodic films. Non-impregnated hygroscopic materials such as paper, fibres and fibrous material are also
not considered to provide suitable insulation.

11.1.7 Protection in single-fault condition

Additional protection shall be provided to ensure that operator-accessible conductive parts are prevented
from becoming hazardous live when a single fault occurs. This additional protection shall be provided by
one or more of the following means:

prot
sup

prot

A single fa
continue pr

Fault tests
operation,

consist of s
least favou

After the a
parts hazar
a fault is te
equipment
Requireme

1.

Prd

1.1.71 H

pctive earthing and bonding (see 11.1.7.1),

blemental insulation (see 11.1.7.2), or

ective impedance (see 11.1.7.3).

LIt shall be considered to occur when a single component providing protection is
bviding that protection.

shall be performed on protective impedances, parts ,infended for short-term or
mains-connected transformers, outputs, cooling provisions and insulation. The te
horting, opening, blocking, etc. the part, as appropriate, while the equipment is oper
able test conditions. Tests shall be applied one ata time.

pplication of the faults, the equipment shallcbe verified: not to have any operator;
Hous live and to satisfy the dielectric withstand verification of 12.2.1, without pre-con|
rminated by the opening of a fuse andif the fuse does not open within approximat
shall be operated for a period corresponding to the maximum specified fuse-opening

hts of this subclause are verified in accordance with 12.3.

1.7DV D2 Modification of 11.1.7 by adding the following:

rotective earthing and bonding

unable to

ntermittent
sting shall
hting under

accessible
ditioning. If
bly 1 s, the
time.

tection against.electric shock is only required in normal conditions. This national
difference does.not apply to isolated secondary circuits as noted in Annex DVD.

Operator-accessible conduciive parts shall be bonded to the protective conductor terminal if

they could

become hazardous live in case of a single fault of the primary protective means specified in 11.1.6.
Alternatively, such accessible parts shall be separated from parts that are hazardous live by a conductive
protective screen or barrier bonded to the protective conductor terminal.

Operator-accessible conductive parts need not be bonded to the protective earth terminal if they are
separated from all hazardous live parts by double insulation or reinforced insulation.

Compliance is checked by inspection.
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11.1.7.1DV D2 Modification of 11.1.7.1 by adding the following:

Operator-accessible conductive parts shall be bonded to the protective earth terminal. This
national difference is only needed if the national difference 11.1DV is applied.

11.1.7.2 Supplemental insulation

Clearances shall be in accordance with 11.4.1 and 11.4.2. Creepage distances shall be in accordance with
11.4.3. Fulfilling the requirements for double or reinforced insulation satisfies the requirements for

protection
1.1.7.3

The proteg
fault condif

The use o
hazard is g

Requirems

1"

nder Qingln-fm Ut canditions.

Protective impedance

tive impedance shall limit the voltage from becoming hazardous live undér normg
ions on operator-accessible parts or to values for SELV.

f a single component not liable to become defective in such_a manner as to cau
llowed (see IEC 61010-1, 14.6).

nts of this subclause are verified in accordance with 12.3.2.

1.7.3DV D2 Modification of 11.1.7.3:

| or single-

5e a risk of

Evaluation of secondary circuits under normal and abnormal conditions are gds noted in

Arn

11.2 Protection against the spread of fire

There are
described

Protection

If limited p
regard to s|

Where bre

nex DVD.

no requirements for protection against the spread of fire within limited power
n 11.3. Components and'spacings within limited power circuits need not be evaluate

against the spread of fire must be evaluated between limited power circuits and othe

ower circuits;are not employed, all remaining subclauses of Clause 11 shall be 2
pread of fire.

bkdown of components is involved, compliance is verified according to 12.3.1.

circuits as
d.

I circuits.

pplied with

11.3 Limited power circuits

A limited power circuit is a circuit supplied by sources such as a battery or a transformer winding where the
open-circuit potential is not more than a.c. 30 V r.m.s. and 42,4 V peak or d.c. 60 V, and the energy
available to the circuit is limited according to one of the following means:

— the maximum output current and power are inherently limited to not more than the values of Table

45,

— the maximum output current under all conditions and power are limited by impedance to be not
more than the values of Table 45;
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— an over-current protective device limits the maximum output current and power to not more than
the values of Table 46;

— a regulating network limits the maximum output current and power to not more than the values of
Table 45 in normal use or as a result of one fault in the regulating network; or

— a regulating network limits the maximum output current and power to not more than the values of
Table 45 in normal use, and an over-current protective device limits the output current and power to
not more than the values of Table 46 as the result of any one fault in the regulating network.

Where an over-current protective device is used, it shall be a fuse or a non-adjustable non-self-resetting

device.

Conformity|is checked by measuring the output voltage, the maximum output current ahd thg maximum
available olitput power under the following conditions.

1) Qutput voltage is measured in no-load condition.

2) Qutput current and available power are measured after 60 s of operation, with any
protective devices short-circuited, with a resistive load (includingshort-circuit) which pr
highest value of current and power respectively.

vercurrent
bduces the

Limits of output current and output-lr-)ac?vlvee;‘?or inherently limited power sources|

Open-circuit output voltage U Maximum output current Maximum outgut power
AC|Vrm.s. DCV A VxA
<20 <20 <8,0 <5x
20§ U=<30 20< U =30 <8,0 <150
— 30< U/, £60 <150/U <150

For non-sinusoidal a.c. and for d.c. 'with ripple exceeding 10 %, the peak voltage shall not exceed 42,4 V

peak.

Table 46

Limits of output current, output power and ratings for over-current protective devices
inherently limited power sources

for non-

Open-circuit output voltage Maximum output Maximum output Rated c:;lrent value
U TUTTENt power ofover-current
protective device
ACVrm.s. DCV A VxA A
<20 <20 <1 000/U <250 <5
20< U <30 20< U <60 <1 000/U <250 <100/U

Rated current values for over-current protective devices are for fuses and circuit-breakers which break the
current within 120 s at a current value of 210 % of the value in the last column of the table.

11.3DV.1 DR Modification of 11.3:

Class 2 circuits, as defined in Annex DVD, are considered equivalent to Limited Power
Circuits.
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1"

.3DV.2 DR Modification of Table 45 and Table 46:

Add table 11 (a) and (b) of the National Electrical Code, NFPA 70, as replacement table
without class 3 columns.

11.4 Clearance and creepage distances requirements

Clearance

and creepage distances shall be designed in accordance with this clause.

lagranon

values are

Creepage
primarily d

Clearance
higher of th

There are

circuit boards.

The actual

the circuit yinder evaluation and (2) on the pollution degree specified by the manufacturer.

The cleara
of the devi
size to pre

Linear inte
circuit or p!
equivalent
in IEC 606

Componer
the circuit
Table 50,

rected at accommodating overvoltage concerns.

and creepage distances between circuits shall meet the requirements~associat
e voltages of the circuits.

no requirements for clearance and creepage distances for the innerlayers of multila

clearance and creepage distances requirements shall be based (1) on the working

hce and creepage distances within a particular circuit which serve only to permit the
ce, and which do not serve to meet the requireiients for galvanic isolation, need ¢
ent faults from occurring which would lead tora risk of fire.

rpolation of creepage distance is permissible. Interpolation of clearance is only perm
art that has no direct connection to the mains, but is powered from a transformer, ¢
isolation device. For voltage values less than or greater than those tabulated below
b4-1 may be used.

ts mounted to printed-circuit boards shall not degrade the galvanic isolation chara
Linder consideration.\This determination shall be made in accordance with the requ
[able 51, Table 52;\Table 53 and Table 54 or in accordance with the test requireme

58 or Tablg

For SELV/
apply to th
creepage

1 59.

PELV circuits and ungrounded accessible parts, the requirements for double inst
b clearance and creepage distances between these and hazardous live parts. Cleg
Jistances within SELV/PELV circuits are based on functional needs and are not g

respect to

bd with the

yer printed-

voltages for

functioning
nly be of a

issible for a
pnverter, or
, the tables

cteristics of
irements in
nts in Table

lation shall
rances and
efined with

safety.

In all cases the values given shall be met or exceeded.

NOTE The extent to which the manufacturing process can control the mechanical tolerance decides the limits to which practical
clearance and creepage distances can approach the theoretical minimum values given in Table 47, Table 48, Table 49, Table 50,

Table 52, Tab

le 53 and Table 54.

It is possible to approach minimum values when the equipment is manufactured in a factory under controlled conditions and finished
to a point where additional assembly other than the connections to the field wiring terminals prior to placing the equipment in service
is not necessary.

Replacement of components, normally affected in service shops or in normal use (for example, fuses), is considered to be part of
controlled conditions.
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Increased clearances are required when the equipment is field-mounted and field-connected because the method of mounting and
the method of wiring at the field wiring terminals have to be considered.

Requirements of this subclause are verified in accordance with 12.1.8.
11.4.1 Clearances relating to overvoltage category Il
11.4.1.1 Clearances for other than field-wiring terminals

Clearances associated with basic and supplementary insulation are given in Table 47 and clearances
associated with double and reinforced insulation are given in Table 48.

Table 47
Minimum clearances in air corresponding to overvoltage category Il conditions (excepft for field

wiring terminals) for basic/supplementary insulation

Working voltage U, Minimum clearance
mm
Pollution degree
a.c.Vrap.s.ord.c.V 1 2 3
0 (2) 0,04 0;2¢1) 0,8
100 0,1 0,2 (1) 0,8
150 0,5 0,5 0,8
300 1,5 1,5 1,5
600 3,0 3,0 3,0
000 55 55 5,5

(1) For printgd wiring material, the values for pollution degree 1 apply except that the value shall not be less than 0,04 jnm.
(2) For d.c. pfoducts this range ends at 60 V.
NOTE Table [derived from IEC 60664-1.

Table 48
Minimum clearances in air corresponding to overvoltage category Il conditions (excepft for field

wiring terminals) for double /reinforced insulation

Working voltage Uy Minimum clearance
mm
Pollution degree
a.c.Vrm.s.ord.c.V 1 2 3
50 (1) 0,1 0,2 0,8
100 0,5 0,5 0,8
150 1,5 1,5 1,5
300 3,0 3,0 3,0
600 55 55 5,5
1000 11 11 11

(1) For d.c. products this range ends at 60 V.
NOTE Table derived from IEC 60664-1.

Clearances shall be verified by mechanical measurement or by dielectric withstand tests according to
12.2.1 without pre-conditioning.
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Clearances to walls of metal enclosures, which may be deflected, shall not be less than 12 mm.

The above clearances do not apply to printed circuit boards with protective coating complying with the test

of 12.1.6.

The above clearances do not apply where overvoltages are known and controlled. Refer to 11.4.2 and

Table 50.

11.4.1.2 Field-wiring terminal clearances

Minimum clearances at finlri-wiring terminals from terminal to terminal and from terminal to enclosure shall

comply with the requirements of Table 49.

Table 49
Minimum clearances in air at field-wiring terminals
) Termination clearance$
Workirlg voltage U,
mm
Limited ratings To walls of metallic
enclosures th:I:h may be
ACVrm.s.ord.c.V General use (12,(2) deflected
0% U,<50 1,6 1,6 12
50 ¢ U, <300 3.2 1,6 12
300k U, <600 6,4 48 12
(1) Applicabje to devices having ratings not more than 15 A at 51180V, 10 A at 151-300 volts, or 5 A at 301-600 V.
(2) Applicabje to devices which control more than one load, provided that the total load connected at one time does ng¢t exceed 30
A at51-150|V, 20 A at 151-300 V, or 10 A at 301-600 V.
11.4.2 Clearances for micro-environment where voltages are known and controlled
In the casg where the peak voltages are known and controlled, the minimum clearances corresponding to
these peak voltages are givenuin ‘Table 50. Peak voltages are considered to be known and controlled,
where the product design withlimit the voltage to the appropriate value indicated in Table 50. This can be
verified by] examination or ;by demonstrating the voltage control at the circuit when subjected to the
impulse vojtage test Table 58.
Table 50
MinimuT1 clearances in air for micro-environment where the voltages are known and controlled
Peak voltage including all Minimum clearances
transients and impulses
\' mm
Up to 2 000 m altitude Pollution degree
1 2 3
330 0,01 0,20 (1) 0,80
500 0,04 0,20 (1) 0,80
800 0,1 0,2 0,80
1500 0,5 0,5 0,80

Table 50 Continued on Next Page
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Table 50 Continued

Peak voltage including all

Minimum clearances

transients and impulses
\' mm
Up to 2 000 m altitude Pollution degree
1 2 3

2500 1,5 1,5 1,5

4 000 3,0 3,0 3,0

6000 5,5 55 55

000 8.0 8.0 8,0
(1) For printed circuit boards, the clearance for pollution degree 2 may be 0,04 mm for peak voltages of both 330Viand 500 V.
NOTE Table [derived from IEC 60664-1.

Clearancesg shall be verified by mechanical measurement or by dielectric with'stand tests a¢cording to
12.2.1 withgut pre-conditioning.
Clearanceg to walls of metal enclosures, which may be deflected, shall not be less than 12 mm.
11.4.3 Creepage distances for basic and supplementary insulation
A creepagdq distance cannot be less than the associated clearance so that the shortest creepage distance
possible is|equal to the required clearance. However, there is no physical relationship, othgr than this
dimensiondl limitation, between the minimum clearance in air and the minimum acceptablg creepage
distance.
Creepage distances less then the clearances required in Table 47, Table 48 or Table 50 may only be used
under condjtions of pollution degrees 1 and2 when an impulse withstand voltage test, accordipg to Table
58 and Table 59, is also sufficient for the.clearance distances.
This can ofcur when the circuit design uses a homogeneous field configuration which can|achieve a
greater impulse withstand voltage at the same clearance than an inhomogeneous field design.
NOTE See IEC 60664-1 for an eXplanation of homogeneous and inhomogeneous fields.
Insulating rhaterials @are'separated into 4 groups by their comparative tracking index (CTI) vialues. The
creepage djstances.are dependent on the CTI of the particular material specified in Table 51.

Tabte 51

Classification of material group according to comparative tracking index (CTI)

CTI Material group

Ilb
Ila
Il
|

100=<CTI<175

175 < CTI <400

400 < CTI <600
600 < CTI

NOTE 1 Insu

lating material separation groups are according to IEC 60664-1.

NOTE 2 Comparative tracking index values are according to IEC 60112.
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11.4.3.1 Minimum creepage distances (basic and supplementary insulation)
11.4.3.1.1 Minimum creepage distances for other than printed circuit boards

Creepage distances shall be not less than values given in Table 52 nor less than the appropriate
clearances.

Minimum creepage distances f-lc-)i:'b;(tahse“: than printed circuit boards (1)
Pollution Creepage distances
degree 1 mm (3)
Workipg voltage U, Pollution degree 2 Pollution'degrge 3
All material Material group Material group
groups ! I Ilia, liib | I Ilia, liib
50 0,18 0,6 0,85 1,2 N5 1,7 1,9
100 0,25 0,71 1,0 1,4 1,8 2,0 2,2
125 0,28 0,75 1,05 1,5 1,9 2,1 24
Basic gnd 160 0,32 0,8 1,1 106 2,0 2,2 2,5
supplementary
insulafion 250 0,56 1,25 1,8 2,5 3,2 3,6 4,0
320 0,75 1,6 2,2 32 4,0 4,5 50
630 1,8 3,2 4,5 6,3 8,0 9,0 10,0
1000 3,2 5,0 7,1 10,0 12,5 14,0 16,0 (4)
(1) Creepagg¢ distances given in this table are for a.c. or d.c. voltages that contain no recurring peak voltages. For micno-
environmentp where recurring peak voltages will be present,dable 54 applies.
(2) Vr.m.s. of sinusoidal wave.
(3) Creepagg¢ (and clearance) distances between circuits shall be that corresponding to the highest working voltage ard the
corresponding dielectric withstand voltage.
(4) Only for material group llla. Material group\lib is in general not recommended for application in pollution degree 3 above 630 V.
NOTE Table|derived from IEC 60664-1.

11.4.3.1.2 | Minimum creepage distances for printed circuit boards

Creepage |distanceS/associated with basic and supplementary insulation for protective ¢oated and
uncoated greas of'\printed circuit boards shall be not less than given in Table 53 nor less than the values of
the appropyiate Clearances.
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Table 53
Minimum creepage distances for printed circuit boards (1), (6), (9) (basic and supplementary
insulation)
Working voltage U, Areas of PWBs with Uncoated areas of PWBs
protective coating

ACVrm.s.ord.c.V mm mm

(2) (3), (4), (5), (6) Pollution degree 1 Pollution degree 2
(1) (8)
50 0,025 0,025 0,04
125 0,16 0,16 0,25
160 0,25 0,25 0,4
250 0,56 0,56 1,0
320 0,75 0,75 1,6
630 1,8 1,8 3,2
000 3,2 3,2 5,0
(1) Creepagg distances given in this table are for a.c. or d.c. voltages which contain no recurring peak voltage. For migro-

(3) Protectivg
pollution and

(5) No test is
test given in |

)
(7) For all ma
(8) For mate

(9) Creepagq

environment$ where recurring peak voltages will be present, see Table 54.

(2) V r.m.s. of sinusoidal or non-sinusoidal wave.

(4) Suitable fpr all material groups and pollution degrees 1, 2 and 3.

(6) A test bodrd, coated but without components, shall withstand the appropriate dielectric test voltage given in 11.1.4.

correspondir|g dielectric withstand voltage.

coating shall adhere to the board insulation to result in a effectively,solid insulation so as to exclude moig
to withstand the specified overvoltages given in 11.1.4.

required if the manufacturer provides evidence that theprotective coating has been tested according to €|
2.1.6 or an equivalent acceptable independent labdratory test.

terial groups.
ial groups I, Il, llla.

(and clearance) distances between circuits shall be those corresponding to the highest working voltage

ture and

ther the

nd the

NOTE Table derived from IEC 60664-1,

11.43.2 (

11.4.3.21

The phenomenon’ of partial discharges will occur on a surface that is subjected to long peric

humidity arl

reepage distance requirements for recurring peak voltages

Rationale

ds of high

d recurring peak voltages (impulses) These recurring peaks will dry out small ared

s between

the conductors that will then flash over, giving rise to small sections of tracking. Eventually total tracking
will occur between conductors and breakdown occurs. The values given in Table 54 will prevent any partial
discharge from occurring, and are valid for pollution degrees 1 and 2.

11.4.3.2.2

Creepage distance requirements for recurring peak voltages

In addition to the clearance and creepage distance requirements of the preceding clauses, when recurring
peak voltages are present the creepage distance requirements given in Table 54 below shall also be met.
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Table 54

Minimum creepage distances related to recurring peak voltages on printed wiring boards without

protective coating (1) (pollution degrees 1 and 2)

Maximum recurring peak Creepage distance Maximum recurring peak Creepage distance
voltage (2), (3) mm voltage (2), (3) mm
330 0,1 1150 1,6
400 0,2 1250 1,8
450 0,25 1650 3,0
600 0,4 1700 3,2
640 0,5 2200 5,0
800 0,75 2300 5,5
1140 1,5 2800 8,0
(1) This tablp does not apply to peak values of 50 Hz/60 Hz wave of the mains supply. However, it does apply to shortt duration
peaks supelimposed on the 50 Hz/60 Hz wave.
(2) Recurring peak voltage values are based on statistical evaluation of partial discharge data.
(3) Existencp of recurring peak voltages may be determined by circuit analysis.

11.4.4 Cieepage distances for double/reinforced insulation

Creepage

11.4.5 Cireepage for field-wiring terminals

Creepage
clearance

11.5 Flan

11.5.1 Non-metallic enclosure material

Non-metal
retardant g
5VA, FV2,

Flame spreg

Non-metal

Histances shall be double the value for basic insulation:

distances for field wiring terminals shall be in accordance with Table 52, but not Ie
specified in Table 49.

ne-retardant requirements for‘non-metallic materials

ic enclosure material which forms part of the ultimate enclosure shall have suit
roperties to prevent or minimize the spread of flame and comply with a flame spre|
F\/1 or FVO.

ad ratings are given in Clause 9 of IEC 60707.

ss than the

able flame-
ad rating of

ic. enclosure materials used for decorative purposes (for example, labels) or fo

I functional

purposes (

require no special flame-retardant additive and no flame rating.

11.5.1DV D2 Modification of 11.5.1 by adding the following:

See Annex DVE for requirements applicable to enclosures.

11.5.2 Non-metallic material supporting live parts

or example, gaskets, keypad overlays) and which do not form an essential part of an enclosure

Non-metallic materials used to support live parts (such as printed circuit boards, transformer bobbins,
battery housings, etc.), including insulating barriers, shall have suitable properties to prevent or minimize
the spread of flame. Examples of these properties are: a flame rating of FV0O, FV1 or FV2; a glow-wire test
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at 750 °C with a 30 s application and an extinguishing time less than, or equal to, 30 s according to IEC
60695-2-1; and a comparative tracking index greater than, or equal to, 175.

No tests are required if the PLC manufacturer provides evidence of compliance to the above referenced
requirements or the equivalent. Non-metallic materials used in components (for example, transistors,
integrated circuits, and capacitors) are excluded from the requirements of this clause.

11.5.2DV D2 Modify 11.5.2 by adding the following:

11.5.2DV.1 Insulating material

11.5.2DV.1.1 As an alternative to the glow wire test, material that is used for the ditect
support of an uninsulated live part shall comply with the Hot Wire Ignition (HW}), and High-
Cufrent-Arc Resistance to Ignition (HAI) values indicated in Table 11.5.2DV.1:1.1. No
additional evaluation is required for the direct support of uninsulated live parts when
generic material is provided in the thickness indicated in Table 11.5.2DV.1.1.2. A material is
in direct support of an uninsulated live part when:

a) It is in direct physical contact with the uninsulated live part; and
b) It serves to physically support or maintain the relative position of the uniinsulated

live part.

Table 11.5.2DV.1.1.1
HWI and Al characteristics:

Flammability Category V-0 V-1 V-2 HB
Part Thickness, mm See note See note See note Seée note
HYVI Time to ignite, seconds 7 15 30 30
Minimum
Performance Level PLC =4 PLC=3 PLC =2 PLC=2
Category (PLC)
HAI Minimum number of. 15 30 30 60
afcs to ignite Performance
Level Category (PLC)
HAI Performance Level PLC=3 PLC=2 PLC =2 PLC=1
Category+«(PLC)
Ngte: The thickness of the material used in the equipment shall not be less than the thickness of samiples
supjected'to-hot wire ignition and arc ignition tests. Performance Level Categories are defined in UL|Plastics
Di[ectory.

Table 11.5.2DV.1.1.2

Generic materials for direct support of uninsulated live parts

Generic Material Thickness, mm RTI, °C
Diallyl Phthalate 0.71 105
Epoxy 0.71 105
Melamine 0.71 130
Melamine-Phenolic 0.71 130
Phenolic 0.71 150

Table 11.5.2DV.1.1.2 Continued on Next Page
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Table 11.5.2DV.1.1.2 Continued

Generic Material Thickness, mm RTI, °C
Unfilled Nylon 0.71 105
Unfilled Polycarbonate 0.71 105
Urea Formaldehyde 0.71 100
Ceramic, Porcelain, and Slate No limit No limit
Beryllium Oxide No limit No limit

NOTE - Each material shall be used within its minimum thickness and its Relative Thermal Index (RTI) value
shall not be exceeded during the Temperature Test, 12.1.5.

11}5.2DV.1.2 The requirements for parts of insulating materials other than thosé necessary
to[retain current carrying parts in position does not apply.

11}{5.2DV.2 Insulating barriers

11{5.2DV.2.1 When a barrier is used to comply with spacing requirements, the insulating
material used shall comply with one of the following criteria:

a) The barrier shall be a generic direct support material provided in the thi
indicated in Table 11.5.2DV.1.1.2.

b) The barrier shall be a generic barrier material provided in the thickness
in Table 11.5.2DV.2.1.1 when the insulating barrier does not physically support or
maintain the relative position of the uininsulated parts involved; or

c) The barrier shall comply with-.the hot wire ignition (HWI) and high-curre
resistance to ignition (HAI) values indicated in Table 11.5.2DV.1.1.1. When

the following:

1) Not less than 0.71 mm thick;

3) Evaluated in accordance with the internal barrier requirements in

ckness

indicated

ht arc
the barrier

is provided in lieu of clearance distance only, is not within 0.8 mm of uningulated
live parts, and does notphysically support or maintain the relative positio
uninsulated parts invélved, the insulating material is only required to com
the HAIl values in Table 11.5.2DV.1.1.1. The thickness of the barrier shall b¢

n of
ply with
one of

2) Not less than 0.33 mm thick plus one-half required clearance spdcings
when the barrier is provided in lieu of required clearance distance ¢

nly; or

UL 746C.

Table 11.5.2DV.2.1.1
Generic barrier materials

Generic material Minimum thickness, mm RTI, °C
Generic material 0.25 105
Aramid Paper 0.71 105
Cambric 0.71 105
Electrical Grade Paper 0.71 105
Epoxy 0.71 105

Table 11.5.2DV.2.1.1 Continued on Next Page
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Table 11.5.2DV.2.1.1 Continued

Generic material Minimum thickness, mm RTI, °C
Mica 0.15 105
Mylar (PETP) 0.18 105
RTV 0.71 105
Silicone 0.71 105
Treated Cloth 0.71 105
Vulcanized Fiber 0.71 105
NOTE - Each material shall have at least the minimum thickness specified and its Relative Thermal Index (RTI)
vajue-shalinotbe-exceeded-during-the-femperatureFest42-1-5-
11.5.3 Components
11.5.3.1 Non-metallic components
Non-metallic components not subject to the requirements of 11.5.1 or 11\5.2 shall be used in gccordance
with their specified ratings and are excluded from the requirements of 11.5.
11.5.3.2 Decorative and labelling materials
Decorative materials (cosmetic non-metallic materials) and tabelling materials need not comply with 11.5.
11.5.3.3 Internal wiring or interconnection cables
Insulated wjire used in unlimited circuits shall have a flammability classification of FV-1 or better according
to IEC 607Q7 or an equivalent standard.
Wiring within limited power circuits has.ho flame-retardant requirements.
11.p.3.3DV D1 Modification of 11.5.3.3:
Alll internal wire_sshall be copper and shall be Machine Tool Wire, Thefrmoset or
Thermoplastic.insulated wire or Appliance Wiring Material. The insulation on all internal
wines on the/equipment shall be rated for the voltage and the temperature conditions of
us¢. Insulation shall be at least 0.8 mm thick when the internal wiring is subjected to
magvement, flexing, handling, or manipulation during its intended use, pr during
majintenance. Internal wires used for grounding or bonding are not requifed to be

insulated.

11.6 Temperature limits

Temperatur

e limits are as follows.

Component temperature limits: Component parts and materials shall not be operated beyond their rated
temperature limits or rated temperature rises.

Easily touched parts: Parts likely to be touched by an operator in normal use or by service personnel, as
defined in Table 44, shall not exceed the temperature limits of Table 55.
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Field wiring terminals shall be monitored for the temperature during the temperature test. This data is to be
used in conjunction with the device rated ambient to determine the field-wiring insulation temperature

rating.
Table 55
Temperature limits
Absolute maximum temperatures Access time Metallic Non-metallic Examples
Operator hand-held equipment Continuous 55°C 70°C Hand-held terminals
Operator parts normally touched in Momentary 70 °C 85°C Push-buttons on
operation cabinet
Parts accesgible during servicing, Momentary 70 °C 85°C Key'switches on PLC
normally toyched in operation
Parts accessible during servicing, not Momentary 100 °C (1) 100 °C (1) Healtsinks
normally toyched in operation
(1) A warning label is necessary if the temperature exceeds the level shown. See Clause 14.
11|6DV D2 Modification to 11.6 by adding the following:
11|/6DV.1 Industrial control equipment tested shall not’exceed the temperature rige above
the test ambient at specific points greater than those specified in Table 11.6DV.1.1. Instead
of the voltages specified, a low voltage source of supply is able to be used for temperature
tests on parts other than voltage rated coils. Protective devices or circuitry shall|not trip
during the test.
Table 11.6DV.1.1
Maximum temperature rises?
Materials and components °C
1 Knife-switch blades andcontact jaws 30
2 Fuse clip when tested with a dummy fuse that represents a fuse intended to 30
provide branch circuit protection
Fuse clip when'tested with a fuse intended to provide branch circuit protection! 85
4 Rubber- or'thermoplastic-insulated conductors b
Field-wiring terminals ©9
Equipment marked 60°C or 60/75°C supply wires 50
Equipment marked 75°C supply wires 65
6. BUSes and connecting straps or bars® h
7. Contacts:
Solid and built-up silver, silver alloy, and silver faced e
All other metals 65
8. Insulation systems:
Class 105 insulation system’
Thermocouple method 65
Resistance method 85
Class 105(A) insulation systems on single-layer series coil with exposed surfaces 90

either uninsulated or enameled, thermocouple method

Table 11.6DV.1.1 Continued on Next Page
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Table 11.6DV.1.1 Continued

Materials and components °C
Class 120(E) insulation system®*
Thermocouple method 75
Resistance method 95
Class 130(B) insulation systems™*
Thermocouple method 85
Resistance method 105
Class 155(F) insulation systems®*
Thermocouple method 95
Resistance method 115
Class 180(H) insulation systems®*
Thermocouple method n15
Resistance method 135
Class 200(N) insulation systems®*
Thermocouple method 35
Resistance method 155
Class 220(R) insulation systems®*
Thermocouple method 55
Resistance method 75
9. Insulating materials b, i
10 In the issuing air, 25.4 mm above the enclosure 75
1 On the embedding material of a resistor, arheostat, and a wall-mounted dimmer B00
with an embedded resistive element
12 On the embedding material of a rheostat dimmer having embedded resistive B50
conductors, and arranged for mounting on a switchboard, or in a noncombustible
frame
13 On bare resistor material,'thermocouple method B75
14 Capacitor b
15 Power switching semiconductor b
16 Printed-wiring'boards b
17| Any component or material not specifically identified in 1-16 b
a. For equipmentrated for an ambient temperature other than 40°C, the allowable temperature rises in this table
ar¢ adjusted in accordance with the following formula:
Tp= Ty +40°C—T),
in which:

Tr = Allowable temperature rise;
T+ = Maximum temperature rise allowed by Table 11.6DV.1.1; and

Tm = Ambient temperature marked on the equipment.

b. The maximum temperature rise shall not exceed the temperature rating specified for the component or
material minus the ambient temperature marked on the equipment.

c. The temperature on a wiring terminal or lug is measured at the point able to be contacted by the insulation of
a conductor installed as in actual service.

d. The limit does not apply to connections to a source of heat, such as a resistor and a current element of an
overload relay.

Table 11.6DV.1.1 Continued on Next Page
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Table 11.6DV.1.1 Continued

Materials and components °C

e. Temperature limited by the temperature limitations on the material for adjacent parts. There shall be no
structural deterioration of the contact assembly, loosening of parts, cracking or flaking of materials, loss of
temper of spring, annealing of parts, or other visible damage.

f. See 12.1.5 for method.

dg- When the rise is 50°C or less and an aluminum bodied connector is used or aluminum wire is intended, the
connector shall be marked AL7CU or AL9CU; when the terminal temperature rise exceeds 50°C and does not
exceed 65°C, the connector shall be marked AL9CU.

h. The limit applies only to bus bars and connecting straps used for distribution of power to industrial control
deviees- . X . . and used
fgr the support of stationary contact assemblies of factory or field wiring terminations. The maximum
temperature rises for this type of construction are determined by the temperature limitations.on the|support

terial, adjacent part material, or 100°C temperature rise on the copper material, whichever is’lowgr. There

shall be no structural deterioration of the assembly, loosening of parts, cracking or flaking of material, loss of
temper of spring, annealing of parts, or other visible damage.

.[See Table 11.5.2DV.1.1.2 and Table 11.5.2DV.2.1.1.

When the fuse used to determine compliance with the fuse clip temperature rise requirement is a Class G or
there shall be a marking near the fuse holder specifying the class of the replacement fuse.

x X

The insulation system shall meet the requirements of UL 1446.

11|16DV.2 For equipment provided with a thermostat.orother thermal protective device and
tested as in 12.1.5, the temperature of the thermal{device shall be measured, and|corrected
for the difference in ambient temperature. The resulting temperature shall not ex¢eed the

rated trip temperature of the thermal protective-device.

11|6DV.3 Equipment shall be marked with'the maximum ambient temperature rating when
in:ended for service in any ambient temperature higher or lower than 40°C. Equigment
infended for service in a 40°C ambient temperature is not required to be marked.

11}6DV.4 The marked ambient rating shall be at an interval from 40°C in a whole number
multiple of £5°C such as 45;.50, 55, 60.
11.7 Enclosures
Enclosureg shall proyide protection against the hazards of moving parts and contact with live parts.

Enclosureg for equipment shall comply with the requirements of 11.7.1 or 11.7.2 as applicable.

11.7.1 Open equipment

Housings of open equipment are not considered to be an enclosure. The manufacturer’s installation
instructions shall specify how open equipment shall be installed so that it will meet the enclosure
requirements of this standard.

11.7.2 Enclosed equipment

Enclosed equipment shall meet IP20 requirements as a minimum. This protection shall also be provided
under all conditions of operator use.
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11.7.2DV D1 Modification of 11.7.2:
Enclosed equipment shall be rated minimum Type 1 and shall comply with the
requirements in Annex DVE.

11.7.2.1 Shafts and knobs

Conductive keypads, shafts and knobs external to the enclosure shall not be in contact with hazardous live
parts. If the parts are normally held or actuated in normal use, the insulation provided shall be such that

the shafts
11.7.2.2

The mecha
protection [
12.1.1 and

1.

En

11.8 Field

Terminals s
requiremen

All parts off

Terminals {
equivalent
that the ned

Terminals
detrimental
reduced be

Iechanical strength

hical strength of the enclosure shall be such as to withstand rough handling’in norm
rovided by the enclosures shall be verified after the application of thé’impact withs
he rigidity test in 12.1.7.

/.2.2DV D1 Modification of 11.7.2.2:

closed equipment shall comply with the requirements in Annex DVE.

-wiring terminals constructional requiremeénts

hall be so designed that loose strands of wire shall not reduce the required clearancs
ts. This shall be verified in accordancegwith 12.1.9.

hall be such that the .conductors may be connected by means of screws, spring
means such as wire wrap, quick disconnect terminal, clamp-type connection so as
essary contact pfessure is maintained over the full range of service conditions.

shall not allow the conductors to be displaced or be displaced themselves in
to the joperation of the equipment and the clearance and creepage distances s
ow thexequired values.

Al use. The
and test in

b/creepage

terminals that maintain contaet'and carry current shall be of metal of adequate mechanical
strength. This shall be verified in accordance with IEC 60947-7-1.

s, or other
to ensure

a manner
hall not be

The mecha

ical dasian-of tha intarfacas-shall allow that na individual conductoris subiacted-to
Hoa-GeSIghH-0 e e Ha68S—SHaranowWtHat RO HRGPHGHA-EORGHEIoS5HD] to

bending of

a radius of curvature less than 6 times its diameter after removal of the common elements (armour,
sheaths, fillers).

Clearances

between terminals and terminal to earthed parts are given in 11.4.1.2.

11.8DV.1 DR Modification to 11.8:

See Annex DVA.2, Field Wiring, for National Electrical Code, NFPA 70, requirements.
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11.8DV.2 D2 Modification to 11.8:

11.8DV.2.1 A field-wiring pressure wire connector provided with or specified for use with
the equipment shall comply with the performance requirements in UL 486A, UL 486B or UL
486E.

11.8DV.2.2 A terminal intended for field wiring of conductors smaller than 14 AWG of other
than Class 2 or Class 3 circuits as specified by the installation instructions or wiring
diagram furnished with the device shall comply with 11.8DV.2.1 for such conductors. When
the specified conductors are smaller than 18 AWG, the terminal shall additionally be
evaluated to 11.8DV.2.1 for 18 AWG conductors.

11.9 Proyisions for protective earthing
The requirg¢gments specified below do not apply to SELV circuits where protectiveréarthing is not required.
11{102DV D2 Addition:

The requirements specified in 11.9.1 do not apply to isolated secondary circuits|as defined
in Annex DVD where protective earthing is not required.

11.9.1 Protective earthing constructional requirements

The accessible parts of Class | equipment (for example, chassis, framework and fixed metal pgrts of metal
enclosureq) other than those which do not constitute a danger shall be electrically interconpected and
connected| to a protective earth terminal for~connection to an external protective conductor. This
requirememt can be met by structural parts~providing adequate electrical continuity and applies whether
the equipment is used on its own or incerporated in an assembly.

Cords or gables that supply power_to Class 1 portable peripherals shall be provided with & protective
earthing cgnductor.

Protective parthing conductor insulation, if provided, shall be green with a yellow stripe.

NOTE In Norfh America.the colour green is also acceptable.

11{9.4DV DR Modify 11.9.1 NOTE by adding the following:

No other conductors shall be so identified in the field wiring area.

Accessible isolated conductive parts are considered not to constitute a danger if they are so located as to
exclude any contact with live parts and withstand the dielectric test voltage of Table 59 for reinforced
insulation corresponding to the highest rated operational voltage of the unit.

Class Il equipment may have an internal functional bonding conductor but shall not be provided with a
protective earthing terminal or a protective earthing conductor in the mains power input cord.
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11.9.2 Protective earthing terminal

If the PLC-system is provided with a protective earthing terminal (Class | equipment), the following

requiremen

ts also apply in addition to the previous general connection specifications.

— The protective earthing terminal shall be readily accessible and so placed that the connection of
the equipment to the protective earthing conductor is maintained when the cover or any removable

part

is removed.

— Products which are intended for cord connected use (such as peripherals) shall be provided with
a protective earthing terminal integral to the plug cap or socket (if removable cord set).

— TH

e protective earthing terminal shall be of screw, stud or pressure type and shatbe

suit@ble corrosion resistant material.

- T
acci

he clamping means of protective earthing terminals shall be adequately lock
Hental loosening, and it shall not be possible to loosen them without the-aid of a tool.

— Protective earthing terminals and earthing contacts shall not be connected direct to

terni
devi
terni

-T
syst

—Th
11.10  Wir

The followi

inal within the PLC-system. This does not prevent the connection of appropri
ces (such as capacitors or surge suppression devices) ‘between the protectiv
inal and neutral.

ne protective earthing terminal and subsequent protective equipment internal tg
em shall comply with the testin 12.2.2.

e protective earthing terminal shall have no gther function.
ing

ng requirements shall apply to atllwiring provided by the manufacturer for the inte

external witing of PLC-system.

11.10.1 In

The insulat
temperatur

All splices §

Internal wir|

ternal wiring

on, when provided,yon all internal wiring of the equipment shall be rated for the voltd
e conditions of Use.

nd connegtions shall be mechanically secure and provide electrical continuity.

made of a

bd against

the neutral
htely rated
e earthing

the PLC-

rnal and/or

ge and the

be subjectd

ng.shall be so routed and secured that neither it nor related electrical connections are likely to
d to sitwmaidmmmwmm_umm_mﬂexmgw iri ' j i ' eration or

maintenance and whose conductors are solid or the insulation of which is less than 0,8 mm thick shall be
tested for flexing integrity as specified in 12.1.4.

Electrical connections shall be soldered, welded, crimped, or otherwise securely connected.

Soldered connections subject to mechanical stress shall be mechanically secured independently from the
soldering. Such connections shall not be used for other purposes such as fixing constructional parts.

Screw connections shall be secured against loosening.

This requirement does not apply to SELV/PELYV circuits, earthing or bonding conductors.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

JUNE 10, 2021 UL 61131-2 115

11.10.2 Interconnection wiring

This clause applies to the PLC-system and the manufacturer supplied cables with connectors only and
does not apply to the whole industrial control system in which the PLC-system is employed.

Cables and cords provided for the interconnection of equipment shall comply with the requirements of
11.10.1.

Cable assemblies and flexible cords provided for interconnection between sections of equipment or
between units of a PLC-system shall be a type that is acceptable for the voltage and temperature involved
and shall be provided with suitable strain relief.

the one intended to receive it and plugging and unplugging of connectors that are accessible to the
operator shall not result in mechanical damage or risk of fire to the PLC-system or €lectric shack or injury
to persons|from the PLC-system.

MisalignmrInt of plug and socket connectors, insertion of a multi-pin connector in a connectof other than

11.10.3 Nlains power input cord

The mains| power input cord provided by the manufacturer shall comply with the mains powef input cord
requirements in 6.10 of IEC 61010-1.

The circuiffy connected to a cord set (removable or fixed) shall be so designed that there is no risk of
electric shock, as indicated in 11.1, after 1 s when touching the pins of the plug and/or receptacle. Test
shall be conducted in accordance with 12.2.3.

11}10.3DV D1 Modification of 11.10.3:

11110.3DV.1 Equipment that is to be cord-connected to the power supply shall be|provided
with hard-service or junior hard-service flexible cord, such as Type S, SJ, or the ¢quivalent,
that is rated for the temperature and voltage involved.

11}10.3DV.2 Exception: Such equipment is not required to be provided with a hard service
orfjunior hard service type cord if the cord is 14 AWG or smaller and complies with a) and
b)jor a) and c) as'noted:

a) Power-Supply Cord Tests as outlined in Annex DVF, and

b):The application or design of the equipment is such that it does not allow the use
of a hard service or junior hard service cord, and the previously evaluated cord will

c) The cord is used in circuits which comply with Isolated Secondary Circuits,
Annex DVD.

11.11 Switching devices

Switching devices shall be used within their ratings, according to IEC 60947-5-1, or equipment utilizing
them shall be subjected to the overload and endurance tests specified in 12.2.4 and 12.2.5, respectively.
The same sample shall be subjected first to the overload test and then the endurance test. The dielectric
withstand test specified in 12.2.1 shall immediately follow the endurance test or the overload test when
conducted alone.
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The endurance test shall not be conducted on solid-state output devices for general or resistive use.
11.12 Components

Components shall comply with the applicable safety requirements of the relevant IEC product standard(s)
or shall have been approved by a recognized testing authority for conformity with applicable safety
requirements and need not be re-tested.

Where no relevant IEC component standard exists, or where components are used in circuits not in
accordance with their specified ratings, the components shall be tested under the worst- case conditions

occurring in

the equipment.

NOTE Compg
switches.

1.

1.
req

components used in the products covered by this standard:

1.

1.

11.13 Battery requirements

Battery cas
damage fro

Rechargea
protection,
Parameters

nents are parts of PLC-system units; for example, capacitors, resistors, printed circuit boards, felays,

12DV D2 Modification to 11.12:

uirements for that component. See Annex DVB for a list of.standards covering

a) Involves a feature or characteristic not.required in the application of the
component in the product covered by this standard, or

b) Is superseded by a requirement:in this standard.

es or compartments shall be designed to protect against accumulation of flammab
M spilling of corrosive liquid as applicable.

ble and—non-rechargeable batteries, if used in the PLC, shall be provided wi
internal-or external to the battery cell, so as to minimize the risk of battery
tocbe 'considered in the design should include temperature, possibility/ prevention

current flo

12DV.2 A component is not required to comply witha specific requirement that:

transformers,

12DV.1 A component of a product covered by this standard shall comply with the

12DV.3 A component shall be used'in accordance with its rating established for the
intended conditions of use.

e gases or

th suitable
explosion.
of reverse

limited discharge, etc

Means shall be provided to prevent charging and to limit the discharge current of nonrechargeable

batteries in

both normal and single-fault conditions.

Compliance shall be verified by performance of the testin 12.3.1.

11.14 Maximum voltage and minimum voltage

The equipment shall operate as intended without an increased risk of fire or electric shock when subjected
to maximum voltage or minimum voltage conditions. This requirement shall be verified by 12.1.5.
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11.15 Markings and identification

Markings as indicated below shall be visible from the exterior of enclosed equipment, or be visible after
removing a cover or opening a door without the aid of a tool, if the cover or door is intended to be removed
or opened by an operator. For open equipment, markings are permitted to be on any surface that becomes
visible after removal of the equipment from the rack or panel.

For all equipment, as a minimum, the information marked on the device shall identify the manufacturer (the
company bringing the product to market) and the device. The remaining information shall be provided in
the data sheet, supplied with the device.

The following information shall be provided by the manufacturer:

— manufacturer’s name, trademark or other identification,

— model/catalogue number, type designation or name,

— hardware serial number or series and/or revision level (see 1.2), and.date code or equ

— live parts (see 11.15.2) and protective earth terminals ‘(see 11.15.3) markings §

reqbired.

11{15DV D2 Modify 11.15 by adding the following-requirements:

nformation on replaceable fuses, including current, voltage and'type,

valent,

thall be as

11{15DV.1 The requirements for the markings are provided below. The location fgr the
markings is specified in Table 11.15DV.4:1.

Table 11.15DV.1.1
Marking locations

Locationg®
Clause
Reference Required Marking® Enclosed Open
General
11.15.6 Specific load marking, indicating intended use B D
11.7.2DV. Enclosure environmental type rating B -
11.15 Manufacturers name, trademark, or identifier, electrical B D
rating, catalog number or equivalent
11.15DV.3 Marking for more than one factory E E
11.15DV.4 Instructions for assembly in different combinations G G
11.15DV.5 Marking for use with other parts of a system G G
11.15.1 Torque values marking for field terminals G G
11.15.3 Terminal connection of ground supply conductor G G
4.1.1DV Enclosure ambient when rated ambient temperature is G G
other than 25°C
Annex Marking for supplementary fuse near fuse holder B F
DVD.1.5.3

Table 11.15DV.1.1 Continued on Next Page
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Table 11.15DV.1.1 Continued

Locations®
Clause
Reference Required Marking? Enclosed Open

Annex Field wiring terminal marking for wire type (Al, Cu) G G

DVA.2.3.1.1

Annex Temperature rating of field installed conductors G G

DVA.2.3.2.1

Annex Temperature rating marking is not required for field - -

DVA2-3-3-+——rinstalled-controt-ciretit-conduetors

Annex Marking for proper connections G G

DVA.2.3.4.1

Annex Field wiring terminal not intended to receive conductor G G

DVA.2.2.11 one size larger.

Annex Marking for low voltage field wiring G G

DVA.3.1

Annex Secondary circuit supplied from a Class 2 transformer or B D

DVD.1.4 power source in the field

Arjnex Equipment with special fitting for connection G G

DVE.3.8.1

Arnex Equipment for nonmetal-enclosed wiring system G G

DVE.3.8.1

CAUTIONARY MARKINGS
Taple 55 Placement of cautionary markings instrueting operator or B F
servicing instructions
ACCESSORIES

Arjnex Accessories available for equipment H H

DVE.3.10

Arjnex New accessories for existing product | |

DVE.3.10

Annex Manufacturer name) rating and catalog number of D D

DVE.3.10 accessory

Arnex Accessories provided with instructions G G
| DVE.3.10

Table 11.15DV.1.1 Continued on Next Page
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Table 11.15DV.1.1 Continued

Locations®
Clause
Reference Required Marking® Enclosed Open
3 These are a brief summary of marking requirements. For complete details see the specific requirement
reference.

b) For marking locations identified below, "A" is the highest order of location, and is the lowest order of
location. At the option of the manufacturer, a higher order of location category is able to be used.

A) Marking shall be visible when the enclosure cover is on and the door is closed.

B) Marking shall be visible
1) When the enclosure cover is removed or the door is open;
2) When other devices are mounted nearby as intended; and

3) When devices are installed side by side. The marking shall not be obscured by attachments
such as a disconnect switch operating handle.

C) Not used.

D) Marking is visible when the device is mounted singulafly. The marking is able to be on the side of
the device, and need not be visible when the device isdnounted next to other devices.

E) Marking is able to be anywhere on the device and is not required to be visible after instaljation.

F) Marking is on a separable, self-adhesive permanent label that is shipped with the device]For a
device that is installed in an enclosure, the(marking shall be on the inside of the enclosure.

G) Marking is shipped separately with'the device.

H) Marking is provided on a separate sheet and is available from the manufacturer. The sepprate sheet
is not required to be shipped with the product.

1) Marking is shipped separately with kit.

11{15DV.2 Cautionary-markings — Cautionary markings shall be located on a part|that is not
capable of being removed without impairing the operation or appearance of the gquipment.
A cautionary marking intended to instruct the operator shall be legible and visible to the
operator during normal operation of the equipment. A marking that provides seryicing
ingtructions'shall be legible and visible when such servicing is being performed.

11115DV.3 Where the manufacturer produces or assembles at more than one factpry, each
finished item-of cauibment shallhave-a distinctive-markina-to-identifv-the_particular

factory.

11.15DV.4 For equipment intended for assembly in different combinations, all components
shall be marked with a part number. The basic equipment shall be provided with
instructions referencing all components able to be assembled together.

11.15DV.5 A device that has been investigated as a part of a system shall be marked to
identify other parts of the system with which it is intended to be used. A family designation
for the other parts of the system is sufficient.

11.15DV.6 Accessories — When accessory parts are not factory installed on equipment, the
equipment markings shall include identification of an accessory to be attached in the field,
or a reference to a separate publication that identifies all such accessories.
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11.15DV.7 For a new accessory designed for an existing product, the accessory shall be
marked with the identification of the equipment on which it is intended to be used.
11.15DV.8 An accessory that is not shipped from the factory in the same carton as the
equipment with which it is intended to be used shall be plainly marked with:

a) The manufacturer's name, trademark, or other descriptive marking by which the
organization responsible for the product may be identified;

b) The electrical rating, unless the accessory electrical rating is marked on the
equipment for which it is intended;

c) The catalog number or equivalent; and

d) Shall be provided with installation and wiring instructions.

11.15.1 Ekternal wiring terminals identification

External wifing terminals shall be marked to indicate the proper connections for the power sypply, load,

control circyit, and the like, or a wiring diagram coded to the terminal marking shall be provided]A marking

or manufacturer’s installation instructions shall be provided to identify-the temperature rating of{field wiring
to be conngcted to the wiring terminals.

11.15.2 L|ve parts

A live part|[exceeding SELV limits and likely to besmistaken as dead-metal (non-energized metal) and

exposed to|service personnel shall be marked withithe following “dangerous voltage” symbol:

NOTE Symbo| according-to IEC 60417-5036.

11.15.3 Protective earth terminals markings

The protective earth terminal markings shall be durable and clearly identifiable.

The identification shall be achieved by the notation PE or by a graphical symbol for use on equipment or
by the colour green-yellow.

NOTE 1 Notat

NOTE 2 In No

ion PE according to 5.3 of IEC 60445.

rth America the colour green only is also acceptable.

The graphical symbol to be used shall be:
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NOTE Symbol according to IEC 60417-5019.

1 tion to 11.15.3:

A [pressure wire connector intended for connection of a field-installed fequipment
grounding conductor shall be green-colored or plainly identified, such as being(marked G,
GR, GRD, GND, GRND, Ground, Grounding, or the like. The symbol (IEC Publi¢cation 417,
Syimbol 5019) may be used.

11.15.4 Hquipment protected by double/reinforced insulation

Equipment protected throughout by double/reinforced insulatioh (Class 1) shall be marked with the
following symbol unless it is provided with a protective terminal;

Equipment, which is only partially protected by double/reinforced insulation, shall not bear this gymbol.

NOTE Symbql according to IEC 80447-5172.
11{15.4DV D2.Modification to 11.15.4:

Nqt applicable for permanently connected equipment.

11.15.5 Equipment supplied by SELV/PELV

Equipment intended to only be energized by a SELV or PELV source of supply shall be so marked on
equipment and/or provided in product literature.

11.15.5DV D1 Modification to 11.15.5:

Equipment intended to only be energized from a isolated secondary source, as defined in
Annex DVD shall be marked as required in Annex DVD.
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11.15.6 Rating information

Equipment shall be marked with the following as applicable:

— rated voltage(s) or range of voltage in volts (V);

— rated frequency in hertz (Hz);

— kind of supply system (a.c., d.c.,or a.c./d.c. or the symbols 5032, 5031 or 5033 from IEC 60417);

—nu

mber of phase conductors if more than one;

—ra

—ra
For open-ty
1.

Eq
1.

11.16 Requirements for safety type tests and verifications

Test and ve

1.

Test and verifications for safety shall be performed in accordance with Clause 12

11.17 Requirements for safety.routine tests and verifications

Safety rout
the manufa

11.17.1 Requirement for dielectric strength verification

ed current in amperes (A); and/or

ed input and/or output power in watts (W) or volt-amperes (VA).
pe equipment, the information shall be marked on the equipment or inithe: manual.
15.6DV D2 Modify 11.15.6 by adding the following:

hipment shall be marked and the markings shall be Tocated as specifieg
15DV.1.1.

16DV D1 Modification of 11.16:

ne tests or an equivalent verification method (see specifically clause 13) shall be pe
cturer, in aceordance with 13.1 and 13.3.

faY =l BW 4

in Table

rifications for safety shall be performed by.the manufacturer, in accordance with Cladise 12.

rformed by

Protection

H el s L L [ T T+ I VRN QI o b !
aydllTol TITULUIL STTULR STl UC VETTIICU DTIWCETTT ( 1) TIUTTFOo LV CITTUTS allu oLV

ircuits, (2)

non-SELV circuits and accessible conductive parts, and (3) isolated non-SELV circuits. This verification
shall be performed by one of the following approaches.

Routine die

lectric withstand testing of the product in accordance with 13.2.

Verification, during product development, that all of the relevant insulating materials and creepage and
clearance distances of the product and that all isolating components meet one of the following:

— the component requirements of 11.12,

— 100 % dielectric withstand tested,

— verification by measurement to meet the required creepage and clearance distances.
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1.

17.1DV D2 Modify 11.17.1 by adding the following:

Routine Dielectric Strength Verification testing is not required for permanently connected
equipment.

11.17.2 Requirement for protective earthing verification

The manufacturer shall verify protective earthing continuity between the protective earthing interface/port
and all operator accessible metal parts intended to be earthed, in accordance with the test described in

13.3.
1"

Rg

17.2DV D2 Modify 11.17.2 by adding the following:

utine Protective Earthing Verification testing is not required for permanently

equipment.

11.18 Repguirements for information on safety

Informatior

12 Safet

12

w

on safety shall be provided by the manufacturer, in accordance with Clause 14.
y type tests and verifications

101DV D2 Addition:

Taple 12.101DV.1 shall be used.

Table 12.101DV.1
Values of voltage for tests

connected

nere electrical testing is required to be conducted at rated voltage, the valugs noted in

)

Voltage rating of equipment?®

110-120 220 - 240 254 - 277 380 - 415 440 — 480

560 — 600

pquired test 120 240 277 415 480
voltage

600

o

-

WWhen the rating of the equipment does not fall within any of the indicated voltage ranges, it is to b
b rated'voltage.

p tested at
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12.1 Safety-related mechanical tests and verifications

12.1.1 Impact withstand test

Table 56
Impact withstand test (1)
Reference test IEC 60950
Selection of sample(s) Enclosed equipment with voltage greater than SELV/PELV
Exceptions Test performed neither on hand-held equipment nor on displays
nor lamps
Description of the test See Figure 13
Number of trials One per surface
Verification after the test Perform the operator accessibility test(12.1.2 arld 12.1.3)
Perform the dielectric withstand test (12.2}1)
(1) The unit rpay be non-functioning before and after the test.

The impacf is imparted to the sample by a solid, smooth steel sphere approximately 50 mm in diameter
and with a ass of 500 g + 25 g (see Figure 12).

Top surface: The sphere is to fall freely from rest through a/vertical distance of 1 300 mm|to the top
surface.

Vertical suffaces: The sphere is suspended by a cord and swings as a pendulum dropping| through a
vertical distance H of 1 300 mm to the sphere impact position.

Figure 12

Impact withstand test procedure

NOTE:

H=1300mm

For the ball ppendulum impact

test, the sphere is to contact

the test sample when the cord

is in the™vertical position as shown.

Sphere start position

I

I

I

| Sphere impact position
/J\\‘/

/

igid backing suppor|

Test Sample

Test Sample

o

S4869

\
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12.1.1DV D2 Modify 12.1.1 by adding the following:

Enclosed equipment shall comply with the impact requirements in Annex DVE based on
the enclosure type rating.

12.1.2 Operator accessibility tests

Table 57
Operator accessibility tests (1)

Reference tests IEC 60529
Selection of sample(s) Enclosed equipment
Number of samples One equipmentof each type
Preconditioning Cleah.and new
Details of mounting/support According to,manufacturer's specifications
Drain/ventilation holes Configuration'used in operating conditions
Moving parts test Equipment energized and operating
Electrical shock test Equipment de-energized
Test description The jointed test finger (IP2X) and, where applicablg, the test pin
shall not make contact with any hazardous live part or any
moving part (except smooth rotating shafts)
(1) For oper] equipment, no test is required, and the user is respansible for the safety of the equipment.

Unless obyious, determination of whether a part is operator-accessible shall be made as gpecified in
12.1.3. The jointed test finger (Figure C.1) and test pin (Figure C.2) shall be applied without force unless a
force is spgcified. Parts are considered.to be accessible if they can be touched with a jointed tgst finger or
test pin, of if they could be touched:in the absence of any covering which is not considered to provide
suitable ingulation.

For equipment accepting plug-<in modules, parts are not considered to be accessible if they cannot be
touched wlth the jointed(test finger (see 12.1.3) up to a depth of 180 mm from the opehing in the
equipment| Nor are théy, considered accessible if they are at a depth of more than 180 mm from the
opening.

If the operator.isiintended to perform any actions in normal use (with or without a tool) which Will increase
the accesiibility of parts, such actions shall be taken before performing the examinationg of 12.1.3.
Examples include removing covers, opening doors, adjusiing controls, replacing consumable material,
and removing parts.

12.1.2DV D2 Modify 12.1.2 by adding the following:

Accessibility requirements for enclosed equipment are as defined in Annex DVE.

12.1.3 General examination of openings

The jointed test finger (Figure C.1) shall be applied in every possible position. Where a part could become
accessible by applying a force, the jointed test finger, made rigid, shall be applied with a force of 10 N. The
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force shall be exerted by the tip of the jointed test finger, made rigid, so as to avoid wedge and lever
action. The test shall be applied to all outer surfaces, including the bottom.

The test pin (Figure C.3) shall be inserted in any openings above parts, which are hazardous live. The test
pin shall be suspended freely and allowed to penetrate up to 100 mm. The additional safety measures of
11.1.7 for protection in single-fault condition are not required solely because a part is accessible by this
test only.

The test pin (Figure C.4) shall be inserted through holes intended to give access to pre-set controls which
require the use of a screwdriver or other tool. The test pin shall be applied in every possible direction
through the hole. Penetration shall not exceed 3 times the distance from the enclosure surface to the
control shaft or 100 mm, whichever is smaller.

12./1.3DV D2 Modify 12.1.3 by adding the following:

Accessibility requirements for enclosed equipment are as defined infAnnex DVE.

12.1.4 Wire flexing test

The flexing|test applies to wiring subject to flexing during operation’or maintenance, and where fonductors
are solid orfinsulation is less than 0,8 mm thick.

Test procedure: The flexing test consists of flexing the wire/cable assembly between the 2 extreme points
of travel for|the cable.

Number of flexing cycles:

500] if flexing occurs under normal use;

25, if flexing occurs only during.maintenance operations;

Pass/fail criteria:

The wiring [shall be considered acceptable if, after this test, the insulation passes the application of the
dielectric wlthstand test (12.2.1) and the following insulation breakdown test method).

Insulation Hreakdewn test method:

The wiring peing tested is removed from the equipment and the portion of the cable having begn flexed is
wrapped with a conductive foil. The applicable test voltage as given in Table 58 or Table 59 as appropriate
is then applied between each conductor in turn and the common connection of all other conductors and
this conducting foil.

12.1.5 Temperature test

Temperatures shall be measured while the equipment is generating its maximum dissipation. This
dissipation may be caused by some combination of load current, input voltage, input frequency, I/O duty
cycle, etc. The equipment shall be mounted in its normal-use position in a test ambient temperature equal
to its maximum rated operating air temperature (see Table 2). However, the equipment may be at lower
test ambient if the measured temperatures are increased by the difference between the equipment’s
maximum rated operating temperature and the actual test ambient. Steady-state conditions shall be
achieved. The test ambient shall be monitored either at a point not more than 50 mm from the plane of the
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equipment’s air flow entry point or at 1 point not more than 25 mm above and 1 point not more than 25 mm
below the equipment with the ambient equal to the average of the 2 monitored temperatures. The
environment surrounding the equipment under test shall not be subject to air movement caused by
sources not part of the equipment under test.

Wiring should be the smallest size suitable for the maximum current rating of the equipment and
manufacturer’s instructions.

The temperature test shall be followed by the dielectric withstand test (12.2.1).

12.1.5DV D2 Modify 12.1.5 by adding the following:

12/1.5DV.1 Enclosed equipment is to be tested in the enclosure provided by the
manufacturer.

12{1.5DV.2 Open type equipment shall be mounted in an enclosure considered
representative of the intended use. The maximum enclosure dimensions are to be
determined by one of the following methods:

a) 150 percent of the dimensions of the device — that'is, length, width, and|height;

b) The intended enclosure, which may be larger'than indicated in a) provided the
size is marked on the device or a separate stuffer sheet provided with the device by
the manufacturer.

c) Open type industrial control equipment is not required to be tested in an
enclosure when marked with a surrounding air temperature rating.

12/1.5DV.3 The thermocouple methodfor temperature measurement consists of {he
determination of temperature by use of a potentiometer type instrument and
thermocouples that are applied to the hottest accessible parts. The thermocouples are to
belmade of wires not larger than 24 AWG (0.21 mm?). The thermocouples and related
ingtruments are to be accurate and calibrated in accordance with good laboratory practice.
The thermocouple wire is to conform with the requirements for special tolerance
thérmocouples specified in the Initial Calibration Tolerances for Thermocouples table in
Temperature Measurement Thermocouples, ANSI/ISA MC96.1.

12{1.5DV.4 A)thermocouple junction and adjacent thermocouple lead wire are to be

urely held in good thermal contact with the surface of the material of which the
perature is being measured. In most cases, adequate thermal contact will result from
urely taping or cementing the thermocouple in place; but if a metal surface is|involved,

12.1.6 Protective coating test

The test shall be conducted in accordance with the Type A coating requirements in IEC 60664-3 or shall
be approved by a recognized testing authority for conformity with applicable safety requirements.

12.1.7 Rigidity test

The equipment shall be held firmly against a rigid support and subjected to a force of 30 N applied by the
hemispherical end of a hard rod of 12 mm diameter. The rod is applied to any part of the enclosure, which
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is accessible when the equipment is used, and which could cause a hazard if distorted. For equipment
with a non-metallic enclosure, the test is performed at an ambient temperature of 40 °C.

Verification shall be in accordance with criteria 12.1.2 during and after the application of the force.

12.1.7DV D1 Modify 12.1.7 by indicating the following:

Not applicable.

12.1.8 Clearance-and-ereepage-verificati

Clearance
possible. M

12.1.9 Figld-wiring terminals constructional verification

Terminals s
conductor {
parts of dif
tearing bac|

12.2 Safety-related electrical tests

CAUTION:

It may be neqd

PLC-system being tested.

12.2.1

Dielectric w
and 92,5 9
completion

Subclause
Preconditio

One of the

Dig¢lectric withstand verification test

n
TOTT

and creepage requirements of 11.4 shall be verified by mechanical measuren
anufacturer’s specifications (drawings, etc.) may be used in lieu of product-samples.

hall be designed to the requirements of 11.8. This shall be verified’by fully inserting
vith an 8 mm length of insulation removed with 1 of the strands free. The strand sha
ferent polarity or accessible conductive parts, when bentin every possible direct
the insulation or making sharp bends around barriers¢

tessary to install an external impedance (a filter) to protect the test equipment that is connected

ithstand testing is perfofmed on an equipment sample preconditioned for 48 h at 4(
o RH £ 2,5 % RH..The dielectric withstand testing must be performed within
of the preconditioning.

5.8.2 of IEC 64010-1 provides an alternate preconditioning method which may be uti
hing is.\not required for dielectric withstand testing following other tests.

B'test types — impulse, a.c., or d.c. — shall be performed at the test voltage specified

ent where

a stranded
| not touch
on without

to the basic

°C+2°C
1 h of the

ized.

n Table 58

or Table 59. The test voltage is based on the highest working voltage of the circuits involved. The choice of

Table 58 or

Table 59 is based on the insulation requirement specified in 11.1.

Test characteristics:

Impulse tes

t, according to IEC 60060-1 and the following conditions:

Waveshape: 1,2/50 ps
Source impedance: 500 Q +10 %
Source energy: 0,5J+20%
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Length of connection: <2m
Time between two impulses: 25s
AC voltage test
Test time: 1 min
Voltage signal: starting from 0 V (zero crossing)
Short-circuit current: <5mA
DC voltagq test
Test time: 1 min
Short-cirquit current: <5mA
NOTE In gengral, preference should be given to the impulse test; however, where filter capacitors are used (line-to-¢arth), the d.c.
test is recommended.
The dielecfric test voltage is applied between
a) isolated non-SELYV circuits,
b) isolated non-SELV circuits and SELV circuits,<and
c) isolated non-SELYV circuits and accessible' conductive parts.
The tests Lre carried out on each unit and(module connected in the test circuit as shown in Figure 13. If
required, fests can be carried out onlindividual modules with the remaining modules rgmoved. All
mechanicql switches shall be in thex‘on” closed position. Any accessible insulating part of ap enclosure
shall be covered with metal foil and‘\the foil considered an accessible conductive part.
There shall be no unintentional flashover or breakdown of the insulation during the test (an intentional
flashover i$ one which might be the result of the normal action of a surge suppression device incorporated
in the equipment). Eventual operation of protecting devices provided on the units shall not be|considered
as a failurg.
Dielectric withstand testing need not be performed between

a) SELV/PELYV circuits and accessible parts, or

b) SELV circuits and other SELV circuits.

Exceptions:

These tests need not be done on units (parts of the basic PLC-system) which have been tested separately
according to the relevant standards, provided

— the values given in Table 58 or Table 59 have been met, and

— their dielectric strength is not impaired by assembly.
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Table 58
Dielectric withstand voltages for impulse a.c. power-frequency and d.c. tests for

basic/supplementary insulation (5)

Working voltage of circuit (1) Test voltages for 0-2 000 m
ACVrm.s.ord.c.V \'

For basic and supplementary insulation 1,2/50 ps impulse peak (2) AC bc
1 min 1 min

0<U,<50(3) 500 350 500

50 < U, <100 (4) 800 490 700
100 < U, <150 1500 820 150
150 < U, < 300 2500 1350 900
300 < U, =600 4000 2200 3100
300 < U, <600 6 000 3250 4600

1) Working Yoltage at the field wiring terminals of the device or circuit.

2) Three positive and 3 negative impulses at least 1 s between each.

4) For d.c. products this range begins at 60 V.

1M
)
(3) For d.c. products this range ends at 60 V.
“4)
(5)

5) No test is|[needed for SELV/PELYV circuits/units.

Table 58DV D1 Modify Table 58 by replacing this with Table 58DV:

Table' 58DV
Dielectric withstand voltages for impulse a.c. power-frequency and d.c. tests for
basic/supplementary insulation (5)

Working voltage of circuit (1) Test voltages for 0 — 2000 m
ACVrm.s.ord.c.V \'/
For basic and supplementary, 1,2/50 ps Impulse AC Oc
Insulation peak (2) 1 min 1 tin
0 < U, =5043) - 500 7
50 < U, =(250 (4) - 1000 1414
250<.U; < 600 - 1000 +2 U, (1000 +[2 U,)*V2
600'< U, <1000 - 2000 +2.25 U, (2000 + 2125 U,)*2

-

(

(2) Three positive and 3 negative impulses at least 1 s between each.

Working'voltage at the field wiring terminals of the device or circuit.

(3) For d.c. products this range ends at 60 V.
(4) For d.c. products this range begins at 60 V.
(5) No test is needed for SELV/PELYV circuits/units.
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Table 59
Dielectric withstand voltages for impulse a.c. power frequency and d.c. tests for double/reinforced

insulation (5)

Working voltage of circuit (1) Test voltages for 0-2 000 m
ACVrm.s.ord.c.V \'

For double/reinforced insulation 1,2/50 s impulse AC be
peak (2) 1 min 1 min

0<U,<50(3) 850 510 720
50 < U, <100 (4) 1360 740 1050
100 < U =150 2990 1400 T1950
150 < U, < 300 4250 2300 3250
300 < U, =600 6 800 3700 5250
600 < U, <1000 10 200 5550 71850

(1) Working|voltage at the field wiring terminals of the device or circuit.
(2) Three pdsitive and 3 negative impulses at least 1 s between each.
(3) For d.c. products this range ends at 60 V.

(4) For d.c. products this range begins at 60 V.

(5) No test i$ needed for SELV/PELV circuits/units.

Figure 13

Dielectric withstand test procedures

Isolated ¢ircuit ‘— Isolated gircuit || Isolated circuit
<§( —
Isolated ¢ircuit ‘— Isolated circuit Isolated circuit
T | T ] |
| | | | |
| | | | |
\ | 1 ! |
Isolated ¢ircuit b— Isolated circuit || - Isolated circuit
S
EUT .isoloted EUT isolgted ||<
circult L t o Isolated circuit
a e
SELV citcuit Diglectric test SELV circuit = Dielectric test EUT SELV circuit Dielectric test
voltage <C voltage voltage
AMP=accessible 4|
metal part
Method — Method B = Method C —
Test between| each, Test between each Test between each
isolated circuit sqquentially, isolated circuit sequentially SELV circuit and
and the others |together. and each non-SELV circuit non-SELV circuits.
S4870

12.2.1DV.1 D2 Modify 12.2.1 by adding the following:

Dielectric testing is conducted immediately following the temperature test.
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12.2.1DV.2 D1 Modify 12.2.1 by adding the following:

Table 59 is not applicable.

12.2.2 Protective earthing continuity test

Test description: A constant current of 30 A for at least 2 min shall be injected between the earthing
terminal or contact and each of the accessible metal parts intended to be earthed. The current shall be
maintained or adjusted accordingly during the test to 30 A. Any convenient low voltage not exceeding 12 V

can be use
the contac
influence t

Pass/fail cr
12.2.3 St

Equipment
risk of elect

Compliancg is checked by inspection of the equipment and relevant circuit diagrams, taking in

the possibil

Equipment
and conne
exceeding

-1

-10

The releva
discharge

resistance
decayed to

12.2.4 OWerload test

Switching d

resistance between the tip of the measuring probe and the metal part undemeaf
e test results.

eria: The calculated resistance shall not exceed 0,1 Q.
red energy injury risk test

shall be so designed that at an external point of disconnection,of the mains supply,
ric shock from stored charge on capacitors connected to thé.mains circuit.

ty of disconnection of the supply with the on/off switch in either position (if present).

shall be considered to comply if any capagitor having a rated capacitance exceed

5 for pluggable equipment,

s for permanently connected,equipment.

nt time constant is the product of the effective capacitance in microfarads and th
resistance in megohms. Where it is difficult to determine the effective capac
alues, a measurement of voltage decay may be used. In 1 time constant the voltag
37 % of its ofiginal value.

evices shall close and open a test circuit having the current, voltage, and power fa

| taken that
h does not

there is no

to account

ing 0,1 yF

ted to the external mains circuit, has a*“means of discharge resulting in a time c¢nstant not

e effective
tance and
e will have

ctor values

given in Table 60. Fifty cycles, each consisting of 1 closed and 1 open action, shall be comple

ed using a

timing of 1 s on, 9 s off. After completion of the 50 cycles, the equipment shall be subjected to the
endurance testin 12.2.5, if required by 11.11.

Table 60
Overload test circuit values
Intended use Current Voltage Power factor
AC general use 1,5 x rated Rated 0,75t0 0,80
DC general use 1,5 x rated Rated 1,0

Table 60 Continued on Next Page
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Table 60 Continued

Intended use Current Voltage Power factor
AC resistance 1,5 x rated Rated 1,0
Pilot duty Rated (1) 1,1 x rated (2) <0,35

(1) Unless otherwise specified, the inrush current shall be 10 times the steady-state current.

(2) Set up the EUT at its rated voltage and current and then increase the voltage by 10 % without further adjustment of the load.

Table 60DV D2 Modify Table 60 by replacing with the Table 60DV:

Table 60DV
Overload test circuit values
Intended use Current Voltage Power factor
AC general use 1,5 x rated Rated 0,759 0,80
DC general use 1,5 x rated Rated 1,
AC resistance 1,5 x rated Rated 1,
DC resistance 1,5 x rated Rated 1,
AC pilot duty Rated (1) 14 % rated (2) <0,35
DC pilot duty Rated (a) 1/ x rated (2) 1,
(1) Unless otherwise specified, the inrush current shall be 10 times the steady-state current.
(2) Set up the EUT at its rated voltage and current and then increase the voltage by 10 % without furfher
adljustment of the load.

Pass/fail i determined by test completion without electrical/dielectric/mechanical breakdpwn of the

equipment

12.2.5 Endurance test

After comgpletion of the overload test in 12.2.4, the switching device is to close and open g test circuit
having thecurrent, voltage, and power factor values given in Table 61. A total of 6 000 cycles, gonsisting of
1 closing gnd 1 opening;.shall be completed. The cycle timing shall be 1 s on and 9 s off, exgept for the
first 1 000 |cycles of<the pilot duty test. The first 1 000 cycles of the pilot duty test shall be afl a rate of 1

cycle per second-except that the first 10 to 12 cycles are to be as fast as possible.

The endurgnce test need not be conducted on solid-state output devices for general or resistive use.

Table 61
Endurance test circuit values
Intended use Current Voltage Power factor
AC general use Rated Rated 0,75t0 0,80
DC general use Rated Rated 1,0
AC resistance Rated Rated 1,0
Pilot duty (1) Rated Rated <0,35

(1) The test circuit is identical to the overload test circuit except that the voltage is the rated voltage.
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Table 61DV D2 Modify Table 61 by replacing with Table 61DV:

Table 61DV
Endurance test circuit values

Intended use Current Voltage Power factor
AC general use Rated Rated 0,75 to 0,80
DC general use Rated Rated 1,0

AC resistance Rated Rated 1,0

__DC resistance Rated Rated 1.0

AC pilot duty (1) Rated Rated <0,3p
DC pilot duty (1) Rated Rated 1,0

-

(

The test circuit is identical to the overload test circuit except that the voltage is the rated voltage.

Pass/fail is
equipment.

determined by test completion without electrical/dielectric/méchanical breakdd

12.3 Single-fault condition test — General

Equipment

and its circuit diagram shall be examined to determine fault conditions that are liable

hazards. These fault conditions shall be applied while the equipment is operating under least

normal con
12.3.3.

The equip
normally li
shock or in
maximum ¢

ditions. Some of the specific single-fault condition tests are covered in 12.3.1, 1

ent shall be operated until further ¢hiange as a result from the applied fault is unli
ited to 1 h. If at the end of 1 h there is an indication that there is a risk of spread of
jury to persons, the test shall*be continued until 1 of these hazards does occ
eriod of 4 h.

For open equipment, a wire mesh cage that is 1,5 times the size of the device may be provided
d enclosure. The-euter enclosure or wire mesh cage (if any) and any grounded ¢r exposed

the intende
dead-metal
pole least li

The fault cq
shall not bg

parts are to be"connected through a 3 A fast-acting (non-time delay) fuse to the suy
kely to arc to ‘ground.

nditions_shall be applied only 1 at a time in any convenient order. Multiple simultan
applied.

wn of the

to result in
favourable
2.3.2, and

ely. This is
re, electric
ur or for a

o simulate

pply circuit

eous faults

After application of each fault condition, there shall be

a) no emission of flame or molten material nor ignition of cotton loosely placed around the item
under test,

b) no accessible hazardous live parts, and

¢) no opening of the 3 A fuse.

12.3.1 Single-fault condition — Breakdown of components test

Individual components, such as capacitors, diodes or other solid-state components, shall be short- or
open-circuited.
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Exception: The test is not required

— if circuit analysis indicates that no other component or portion of the circuit will be seriously
overloaded as a result of the assumed open-circuiting or short-circuiting of another component;

— for components whose failure may result in increased risk of fire or electric shock and that have

previously been investigated and found suitable for the application.

12.3.2 Single-fault condition — Protective impedance test

If a protective impedance is formed by combination of components, each component shall be short-

circuited off open-circuited, whichever is less favourable.

If a protect]ve impedance is formed by the combination of basic insulation and a current-)or'voltage-limiting
device, both the basic insulation and the current- or voltage-limiting device shall be subject¢d to single
faults, applied 1 at a time. Basic insulation shall be short-circuited and the current- or voltage-limiting

device shall be short-circuited or open-circuited, whichever is less favourable.
12{3.2DV D2 Modify 12.3.2 by adding the following:

Isglated secondary circuit tests are as described in Annex DVD.

12.3.3 Single-fault condition — Mains transformers test

The seconflary windings of mains transformers shall:bé short-circuited, 1 winding at a time.

Current lirpiting impedances or overcurrent \pfétection devices, which are directly connegted to any

secondary|winding, shall be connected during this test.
12/3.3DV D2 Modify 12.3.3 by.indicating the following:

Nqt applicable.

12

12

102DV D2 Addition:

102DV.1"Printed Wiring Board Abnormal Operation Test

12

circuit, creepage and clea

rance spacing

: Fferent-circuits n-a-safety
s between traces of different potentials on a

printed wiring board are not required to comply with the spacing requirements of this
Standard when:

a) The printed wiring board material has a flammabilility rating of at least V-0

b) The printed wiring board base material has a minimum Comparative Tracking

Index of 100 and

c) The equipment complies with the following.

12.102DV.1.2 As a result of this test, there shall be no emission of flame or molten metal
nor ignition of cotton loosely placed over all openings of ventilated equipment or totally
around open type equipment.
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12.102DV.1.3 The outer enclosure of the equipment and any exposed dead metal parts,
normally intended to be earthed, are disconnected from earth and are to be connected
through a 3 A fuse to the supply circuit pole least likely to arc to earth (usually the neutral
pole). The 3 A fuse shall not open.

12.102DV.1.4 Overcurrent protection required to be used with the equipment is allowed to
open.

12.102DV.1.5 A sample of the equipment employing the PWB is to be wired as intended to
an electrical supply circuit sized and protected to simulate end-use conditions. When the
spacings between live parts on the PWB are less than those specified, they are to be short-

cir

12.
tra

Cuited one at a time.

102DV.1.6 When the circuit is interrupted by the opening of a component, or of
Ce, the test is to be repeated twice.

13 Safety routine tests

131

Ro

DV D2 Modify 13 by indicating the following:

utine tests are not applicable for fixed equipment:

13.1 Dielgctric withstand test

Safety of
Manufactur
following m

1)R

Whd
ope

Unle
thes

2) \
100

insulation and/or barriers is established according to the requirements of (
ed quality of the insulation and/or_barriers must also be established according to
pthods.

outine dielectric withstand\testing of the product in accordance with 13.2.

n this method is chosen, the tests of 13.2 shall only be performed on equipme
ator-accessible hazardous live parts.

ss it can be shown that subsequent manufacturing cannot invalidate the results of t
e tests shall'be performed on fully assembled modules or equipment.

erification that all isolating components used in the production of modules or equ
Y% dielectric withstand tested as components or are supplied as meeting the

requ

aPWB

Clause 11.
one of the

ht that has

hese tests,

pment are
component

irements of 11.12

When this method is chosen, it must be used in conjunction with

a) verification by type tests that dielectric strength requirements of 11.1.4 are met

b) verification that creepage and clearance distances of 11.4 are met by the product during

design;

c) Automated assembly and quality controlled manufacturing processes that assure

consistency of the manufactured product.


https://ulnorm.com/api/?name=UL 61131-2 2021.pdf

JUNE 10, 2021 UL 61131-2

137

13.1DV D2 Modify 13.1(1) second paragraph as follows:

When this method is chosen, the tests of 13.2 shall only be performed on equipment that

has operator-accessible conductive parts.

13.2 Dielectric withstand verification test

The test voltage specified in Table 62 shall be applied between hazardous live terminals and circuits, and
all accessible conductive parts including terminals intended to be connected to circuits of other equipment

which are natthazardous live but which are accessible _Qne of the tests in Table 82 shall he carl

ried out.

Table 62
Routine dielectric withstand test (5)
Working voltage of circuit (1) Test voltages for 0 — 2 000-m

1,2/50 ps impulse peak AC DC

ACVrm.s.ord.c.V &) 2s 2|s

U,<30 No test required No tést required No test fequired

30 < U, <50 (3) 500 350 500
50 < U, <100 (4) 800 490 700
100 < U, =150 1500 820 1150
150 < U,<300 2500 1350 1900
300 < U, =600 4000 2200 3100
600 < U, <1000 6 000 3250 4 400

(2) Three pdsitive and 3 negative impulses at least 1 s between each.
(3) For d.c. products this range ends at 60 V.
(4) For d.c. products this range begins at 60 V:

(4) For d.c. products this range begins at 60-V.

(1) Working|voltage at all the operator-accessible terminals’of the device or circuit.

13.3 Profective earthing test

A simple dontinuity £est shall be made between the protective earthing interface/port and 2
accessible| metal pabts, intended to be earthed. The test shall be performed on all non-SELV

voltage units.

Il operator-
PELV rated

The resistance shall not exceed 0, T (1.

14 Safety information to be provided by the manufacturer

The manufacturer's data shall include the following information as a minimum.

— Protective earthing requirements and recommendations concerning personnel safety circuits.

— Requirements for the maintenance of protective devices, such as protective earthing circuits,

overcurrent protective devices, and batteries utilized for memory back-up, etc.

— If the PLC-system is provided as “open equipment”, a suitable enclosure is required to provide
the necessary level of safety and environmental protection and guidelines for mounting, spacing,
and/or internal barriers or shields if needed for safety.
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— Precautionary instructions, if removal of any module while the equipment is in operation can
affect safety related to electrical shock, fire hazard and electrical damage.

— A statement of the intended use of the PLC-system relative to overvoltage category as defined in
3.43.

— Isolation potentials between channel and other circuits (including ground) and between channels
under normal condition.

Information to be made available can be in other than printed form.

141 Info

The manufacturer's documents shall provide information to allow the evaluation of the pewer digsipation of

every PLC [configuration, subassembly and module and provide information regarding minimym spacing

required to pssure adequate cooling under normal service conditions.
14.1DV D2 Modify 14.1 to indicate the following:

Not applicable.

14.2 Information on mechanical terminal connection

The manufacturer shall provide the following information through convenient documentaiion and/or
marking.

— Type, cross-sectional area and material, of the conductors that may be connected tp the PLC-
system.

— Rg¢commendations for use of shielded cables, and how they are to be connected and darthed.

14.2DV D2 Modify 14.2 by adding the following:

Terminal wire size,\temperature rating and torque requirements as specified in Annex DVA
must be provided-by the manufacturer.
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Annex A
(informative)

lllustration of PLC-system hardware definitions

Figure A.1 illustrates the hardware in the PLC-system as defined for the purposes of IEC 61131-1 and IEC

61131-2.

Portable 3
permanent

Figure A.1
Programmable controller system (PLC-system)

Main Remote Non—permanent peripherals

P
processing input/output p::;;?:g?é Not on-line On-ling
unit stations pluggable pluggable
Non—tfanspprtable
MPU RI0s Portable
Hgnd-Held
Programmable controller Peripherals >,
1
‘\«——— Permanent Sdstallation —»i Non-Permanent installation
i
¢———— 'Programmable controller system (PLC-system) &

S4871

nd hand<held peripherals have specific requirements and have to be distingu
y installed peripherals (see 4.2.3).

ished from
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Annex B
(informative)

Digital input standard operating range equations

The following equations were used to generate Table 7 (with some exceptions explained in the notes).

DC equations AC equations
UHmax=1v25Ue UHma><=111 Ue
UHmin=018 Un_Ud_1V UHmin=0v85Un_Ud_1V (1:2)
UT max = UH min UT max = UH min
UL max = UH min for /= IT min UL max = UH min for /< IT min
UTmin=0‘2 Ln UTminzovz Un (1)
UL max = UTmn for I> ,T min UL max = UT min for [> IT min
UL min=-3V [DC 24 V) ULmin=0
UL min=-6V [DC 48 V)
I min = ND (Not defined) Iy min = O
Type 1 inputs: Type 1 inputs:
IH max = ,Tmax = ILmax =15 mA IH max = leax = leax =15mA
I min = It min T 1 MA Iy min = It min + 1 MA (U35420 Vr.m.s.) or

IH min = IT min T 2 mA (Ue >120V r.m.s.)
IT min = UH ma. z IT min = UH max/Z (5)
It min = U ma}fZ Ug=5V (Tablé 8) 3)
Type 2 inputs: Type-2 inputs:
IH max = ITmax = ILmax =30 mA leax = ITmax = ILmax =30 mA
I min = I +1MA = 6 MA i min = Iy +1TMA = 6 mA
ITmin=,r=115mA leinzlr=3mA (4)
Ug=d.c.8V Ug=a.c.10Vrm.s. (4)
Type 3 inpufs: Type 3 inputs:
IH max = ITmax = leax =15 mA IH max = leax = leax =15mA
UnimadZ < b bin < 1= 5 A i min = In =5 MA
ITmin=Ir=1|5mA lein:Ir=3mA (4)
Uy=d.c.8V Uy=a.c.10Vrm.s. (4)
NOTE 1 For plha.e.”100/110/120 V r.m.s. and all a.c. 200/220/230/240 V r.m.s. inputs, U,, has been respectively selectgd as a.c.
100 V r.m.s. &ne-a-e-200-V-rm-sirerderto-altow-comps ibitity-efa-single-medute-with-various-supply-voltages:

NOTE 2 1 V drop (a.c. or d.c.) is assumed for the connecting leads.

NOTE 3 Maximum values of voltage drops, Uy, of digital outputs for d.c. and a.c.

NOTE 4 These values of and /,, Uy and /,, correspond to those adopted in IEC 60947-5-2.
NOTE 5 Z = Empirical worst-case relay contact, open-contact impedance = 100 kQ.
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Annex C
(normative)

Test tools

C.1 Jointed test finger

Figure C.1
Jointed test finger

Cylindrical

180

Sections
A-A B-B

Insulating material
Handle

B8 R4+0,05

d
54872 |

Dimensions i millimeters

Toleranceq on dimensions.without specific tolerance

—on angles=¥0'; -10'

—on linear dimensions: up to 25 mm, +0, -0,05 mm

—on iillcdl dilllellbiullb. ovel 25 LILLLLLE 10,2 LILLLILA
Material of finger shall be heat-treated steel and suitable insulator.

Both joints of the finger may be bent through an angle of 90° +10°, -0°, but in one and the same direction
only.
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C.2 Testpins
Figure C.2
15 mm x 3 mm test pin
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Figure C.3
100 mm x 4 mm test pin
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Dimensions i millimeters
Figure C.4
100.mm x 3 mm test pin
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Annex CDV D2 Modification to Annex C:

In the USA, Annex C is informative.
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