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This revision of ANSI/UL 60730-1 dated October 18, 2021 includes the following changes in
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— Addition of the second amendment to IEC 60730-1; 1.2, 2.1.4, 2.1.5, 2.3.33, 2.4.5DV, 2.13.4,
2.13.12, Table 1. 8.1.1. 8.1.1.1. 11.1.4, 11.4.11. 11.4.12, Table 12, 14.5.1. Table 15, Table 16,
Section 20, 24.1, 24.5, H.7, H.11.2.5, H.11.12.4.1.3.2, Table H.11, H.11.12.4.3.6, H.26, H.26.8.3,
H.26.9.2, H.27.1.1.2, H.27.1.1.7, H.27.1.1.8, J.4.3.5.4.1, Annex Q, T.3.1, T.3.2, Bibliography

— Dé¢letion of SMPS test method; 24.2.1DV.2 — 24.2.1DV.3.11

- bﬁvise Table H.14 for the voltage dips and interruptions test to include 60 Hz frequency;
Tabje H.14

— Revisions to add clarity, reflect current practices and/or corrections; Table 1DV, [1.2DV,
6.4.3.101DV, 9.3.4DV, 11.4.101DV, 11.10.3DV.1, 12.1.1DV; Table 12.1DV.1, Table 15DV,
21.1DV.1, 24.1DV, 27.5.101DV, H.23.1DV, H.27.1.1.2DV, Annex P, DVB.1.3, DVE.1, DVE.2,
DVE.3

— Revisions to the DV’s covering the grounding‘and bonding requirements; 2.7.15)1DV,
2.7.15.2DV, and 9.3.4DV.1 - 9.3.4DV.7

UL 60730-{1 adopts IEC 60730-1, Edition 5.2,.issued by the IEC December, 2020. Please n¢te that the
national djfference document incorporates all of the U.S. national differences for UL 60730-1.

Text that hias been changed in any manner or impacted by UL's electronic publishing system is marked
with a vertical line in the margin.

The new ahd revised requirements are substantially in accordance with Proposal(s) on this sybject dated
April 16, 2021 and August13;2021.

All rights feserved.<No part of this publication may be reproduced, stored in a retrieval [system, or
transmitted in any_form by any means, electronic, mechanical photocopying, recording, of otherwise
without pripr permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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Preface (UL)

This UL Standard is based on IEC Publication 60730-1: Fifth Edition — Automatic Electrical Controls, Part
1: General Requirements, as revised by Amendments 1 and 2 and corrigendum 1. IEC publication 60730-
1 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 of the IEC edition number.

This is the|UL Standard for Safety for Automatic Electrical Controls, Part 1: General Requirements. This
UL part 1 ip to be used in conjunction with the appropriate UL Part 2 standards, which contain clauses to
supplemer]t or modify the corresponding clauses in Part 1, to provide relevant requirements fgr each type
of product.

These materials are subject to copyright claims of IEC and UL. No part of this publicatipn may be
reproduced in any form, including an electronic retrieval system, without the prior written permigsion of UL.
All requesis pertaining to the Automatic Electrical Controls, Part 1: General Requirements, UL 60730-1
Standard should be submitted to UL.

Note — Althoyigh the intended primary application of this Standard is stated in itS,Scope, it is important to note that|it remains the
responsibility jof the users of the Standard to judge its suitability for their particular purpose.
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NATIONAL DIFFERENCES
GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60730-1,
Automatic Electrical Controls, Part 1: General Requirements, copyright 2020 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 principles. and 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

AUTOMATIC ELECTRICAL CONTROLS - Part 1: General requirements

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested in

the subject

alt with may participate in this preparatory work International governmental and non-governmental

organizations

liaising with
Standardizati

2) The forma
opinion on thg

3) IEC Publig
sense. While
responsible fi

4) In order tg

maximum exgent possible in their national and regional publications. Any diyergence between any IEC Publid

correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical con
whatsoever,
reliance upon

8) Attention ig
correct applid

9) Attention is

not be held rgsponsible foridentifying any or all such patent rights.

This Cons
(2013-11)

the IEC also participate in this preparation. IEC collaborates closely with the International Or]
bn (ISO) in accordance with conditions determined by agreement between the two organizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an international
relevant subjects since each technical committee has representation from all interested IEC’National Co

ptions have the form of recommendations for international use and are accepted by, [EC National Com
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user,

promote international uniformity, IEC National Committees undertake(to“apply IEC Publications trans

h national or regional publication shall be clearly indicated in the |atter.

oes not provide any attestation of conformity. Independent cetrtification bodies provide conformity assess
areas, access to IEC marks of conformity. IEC is not,responsible for any services carried out b
Ddies.

ould ensure that they have the latest edition of this'publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Committees-for any personal injury, property damage or other damage
vhether direct or indirect, or for cests (including legal fees) and expenses arising out of the publicat
| this IEC Publication or any otherlEC Publications.

drawn to the Normative references cited in this publication. Use of the referenced publications is indisp4
ption of this publication:

drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent ri

blidated" version of IEC 60730-1 bears the edition number 5.2. It consists of the

panization for
consensus of
mmittees.

mittees in that

annot be held

parently to the
Ation and the

ment services

independent

pembers of its
of any nature
on, use of, or

nsable for the

phts. IEC shall

fifth edition

amendmer

[documents 72/899/FDIS and 72/928/RVD] and its corrigendum 1 (2014-02

), and its
(2020-04)

[documents 72/1226/FDIS and 72/1237/RVD]. The technical content is identical to the base edition and its
amendment.

This Final version does not show where the technical content is modified by amendments 1 and 2. A
separate Redline version with all changes highlighted is available in this publication.

International Standard IEC 60730-1 has been prepared by IEC technical committee 72: Automatic
electrical controls.

This edition constitutes a technical revision. The major changes with respect to the previous edition are as
follows.
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— modificati

on of the title and scope;

— revisions to Clause H.26 based on changes in technology, applications, and to improve consistency and

layout;

— modificati

on to H.12 to align with CISPR 22;

— revisions to Annex J to correlate the fault modes of thermistors and to exempt thermistors used in

conjunction with type 1 controls in SELV low power circuits from the tests specified in Annex J;
— new requirements Pn\/nring hq’rfnry-lnm/\/nmd controls_and the use of batteries in controls;
— revision addressing the exclusion of relay faults;
— new/upddted requirements in Clause 24, for switch mode power supplies;
— revisions povering the allowance of screwless-type clamping units complying with IEC 60999-{;
— new requjrements addressing remotely actuated control functions;
— addition df a new/updated leakage current diagram to align the Annex E diagram with the diagram in IEC
60990;
— updated requirements for temperature sensing controls!
A list of all|parts of the IEC 60730 series, under the-general title: Automatic electrical controfs , can be
found on the IEC website.
In the deveJopment of a fully international 'standard to cover automatic controls for household and similar
use, it has|been necessary to take into\eonsideration the differing requirements resulting from practical
experience|in various parts of the world“and to recognize the variation in national electrical systems and
wiring rules|
The "in sgme countries" notes regarding differing national practices are contained in th¢ following
subclauses

215 11.11.1.2 17.10.4

272 11.11.1.3 17.12.5

273 11.11.1.4 18.1.6

2.14.2 12.1.6 18.1.6.1

4.2.1 12.3 18.1.6.2

6.6.1 Table 12 (13.2.1), footnote a 18.1.6.3

Table 1 (7.2), footnote d 13.3.4 18.4

7.4.3 14.4 19.2.4.1

7432 Table 13 (14.7.4), footnote f 19.2.51

8.1.1.1 15.1 21.1

8.4 16.2.1 21.

9.3.2 17.1.3.1 27.2.3.1

9.3.4 17.2.2 Annex C

9.5.2 17.2.3 Annex D

Table 3 (10.1.4), footnote b 17.2.3.1 H.26.10
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10.1.4.1 Table 14 (17.2.5) Table H.18 (H.26.10.4)
10.1.14 Table 15 (17.2.5) H.27.1.1.3
10.1.16 Table 16 (17.2.5) Table K.1, footnote b
10.1.16.1 17.5.1 Table K.2, footnote b
Table 6 (10.2.1), footnote b 17.7.7 132
1.5 17.8.4.1
Table 10 (11.8.2), footnote b 17.10
It is envisagedthatin the next edition of this standard It will be found possibie to remove those]differences
that are cojered by new IEC standards now being prepared by other technical committees;
This Part { is to be used in conjunction with the appropriate part 2 for a particular type of cdntrol, or for
controls fof particular applications. This part 1 may also be applied, so far as reasgnable, to ¢ontrols not
mentioned|in a part 2, and to controls designed on new principles, in which cases-additional rgquirements
may be considered to be necessary.
Where, for|a particular clause or subclause, the text of part 2 indicates:
Addition: the part 1 text applies with the additional requirement indicated in a part 2;
Modificatign: the part 1 text applies with a minor change as:indicated in a part 2;
Replacement: the part 2 text contains a change which-téplaces the part 1 text in its entirety;
Where no ¢hange is necessary, the part 2 indicates that the relevant clause or subclause appligs.
NOTE - In this standard the following print types are‘used:
— Requirements proper: in roman type;
— Test spetifications: in italic type;
— Explanatory matter: in smaller reman type;
— Defined terms: bold type.
Some tablg.titles contain reference in brackets to table numbers in IEC 60730-1, edition 3 [for ease of
correlation‘betweenparts2and-thePart:
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of the base publication and its amendments will remain
unchanged until the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirm

ed,

» withdrawn,

* replaced by a revised edition, or
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*« amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its contents.
Users should therefore print this document using a colour printer.

DV1 Modification to the Notes:

— Words.i in-the-text Jofined-in-clause

19

DVR Addition:

thqusands and uses a comma instead of a period to indicate a decimal point. For example,

Th{ numbering system in the standard uses a space instead .0f.a comma tp indicate
1 0p0 means 1,000 and 1,01 means 1.01.
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AUTOMATIC ELECTRICAL CONTROLS - Part 1: General requirements

1 Scope

and normative references

1.1 Scope

In general, this part of IEC 60730 applies to automatic ELECTRICAL CONTROLS for use in, on, or in
association with equipment for household and similar use. The equipment may use electricity, gas, oil,
solid fuel, solar thermal energy, etc., or a combination thereof.

NOTE 1 Thro

EXAMPLE 1

This Intern
16484.

This stand
public, sud
industrial a

EXAMPLE 2

This stand

Lighout this standard the word "equipment" means "appliance and equipment.”

CONTROLS for appliances within the scope of IEC 60335.

ational Standard is applicable to CONTROLS for building automation Within the sc

ard also applies to automatic ELECTRICAL CONTROLS for equipment that may be U
pplications.

CONTROLS for commercial catering, heating and air-conditioning equipment.

ard is also applicable to individual CONTROLSutilized as part of a CONTROL system o

which are mechanically integral with multifunctional €@NTROLS having non-electrical outputs.

EXAMPLE 3
systems withij

This stand

h the scope of ISO 16484-2.

brd is also applicable to relays when used as CONTROLS for IEC 60335 appliances

requirements for the safety and @PERATING VALUES of relays when used as CONTROLS for

appliances
NOTE 2 Thes

NOTE 3 This
an appliance
series of stan

are contained in Annex U.

e requirements areteferred to in the scope of IEC 61810-1.

according-to{J[EC 60335-1. It is not intended to be used for any other stand-alone relay, or to replace
fards.

ppe of ISO

sed by the

h as equipment intended to be used in shops, offices, hospitals, farms and cominercial and

I CONTROLS

Independently mounted water valves, CONTROLS in smart grid systems and CONTROLS for buildipg automation

. Additional
IEC 60335

standard is infended to be used for the testing of any stand-alone relay which is intended to be used as 4 CONTROL of

he IEC 61810

This stang

ard) does not apply to automatic ELECTRICAL CONTROLS intended exclusively fq

r industrial

process applications unless explicitly mentioned in the relevant part 2 or the equipment standard.

This standard applies to CONTROLS powered by primary or secondary batteries, requirements for which are
contained within the standard, including Annex V.

1.1.1 This International Standard applies to the inherent safety, to the OPERATING VALUES, OPERATING
TIMES, and OPERATING SEQUENCES where such are associated with equipment safety, and to the testing of

automatic ELECTRICAL CONTROL devices used in, or in association with, equipment.

This standard applies to CONTROLS using THERMISTORS, see also Annex J.

This standard is also applicable to the FUNCTIONAL SAFETY of LOW COMPLEXITY SAFETY RELATED SYSTEMS
and CONTROLS.
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1.1.2 This standard applies to automatic ELECTRICAL CONTROLS, mechanically or electrically operated,
responsive to or controlling such characteristics as temperature, pressure, passage of time, humidity, light,
electrostatic effects, flow, or liquid level, current, voltage, acceleration, or combinations thereof.

1.1.3 This standard applies to starting relays, which are a specific type of automatic ELECTRICAL
CONTROL, intended to switch the starting winding of a motor. Such CONTROLS may be built into, or be

separate from, the motor.

1.1.4 This standard applies to MANUAL CONTROLS when such are electrically and/or mechanically integral

with AUTOMATIC CONTROLS.

NOTE Requirg

1.1.5 Thig
a.c. or 600

1.1.6 This
CONTROL, i

equipment.
surrounding
manufactur

1.1.7 This
are contain

1.1

ments tor manual switches not torming part of an AUTOMATIC CONTROL are contained in [EC 61058-1

standard applies to a.c. or d.c. powered CONTROLS with a rated voltage notiexcee
V d.c.

standard does not take into account the RESPONSE VALUE of an AUTOMATIC A
such a RESPONSE VALUE is dependent upon the method of meunting the CONT

Where a RESPONSE VALUE is of significant purpose for the“protection of the
s, the value defined in the appropriate household equipment standard or as determ
er shall apply.

standard applies also to CONTROLS incorporating ELECTRONIC DEVICES, requirement
bd in Annex H.

7DV.1 D2 Modification of 1.1.7 by addingthe following text:

This standard applies to discrete THERMISTORS and also to controls using N

THE

1.1.8 This

RMISTORS, requirements for which-are contained in Annex J

standard applies also to.GONTROLS using NTC or PTC THERMISTORS, requirements fo

contained if Annex J.

1.1.9 Thig
and respon

The signals
and from e

standard applies to the electrical and FUNCTIONAL SAFETY of CONTROLS capable g
ding to commuhications signals, including signals for power billing rate and demand

may be-transmitted to or received from external units being part of the CONTROL (W
ternal'units which are not part of the CONTROL (wireless) under test.

1.1.10 Th

Hing 690 V

CTION of a
ROL in the

USER, or
ned by the

s for which

TC or PTC

r which are

f receiving
response.

ired), or to

s standard daes not address the in’rpgrity of the output qignal to the network device

ps, such as

interoperab

1.1

ility with other devices unless it has been evaluated as part of the CONTROL SYSTEM.

.101DV DR Addition to the Scope by adding the following text:

CONTROLS intended to be installed in air handling spaces or in other environmental air
space (plenums) are covered under the scope of this standard.

1.2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.
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IEC 60038, IEC standard voltages

IEC 60065:2001, Audio, video and similar electronic apparatus — Safety requirements'; Amendment
1:2005; Amendment 2:2010

1 There exists a consolidated edition 7.2:2011 including IEC 60065:2001 and its Amendments 1:2005 and 2:2010.

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 600991, Surge arresters — Part 1: Non-linear resistor type gapped arresters for a.c. systems?

2 Withdrawn

IEC 60112}2003, Method for the determination of the proof and the comparative tracking indices of solid
insulating materials®; Amendment 1:2009

3 There existg a consolidated edition 4.1:2009 including IEC 60112:2003 and its Ameridiient 1:2009.

IEC 601271-1, Miniature fuses — Part 1: Definitions for miniature fuses and general requifements for
miniature flse-links

IEC 6022711, Polyvinyl chloride insulated cables of vated voltages up to and including 450/75(Q V — Part 1:
General reuirements

IEC 602451, Rubber insulated cables — Rated voltages up to and including 450/750 V — Par{ 1: General
requirements

IEC 602691, Low-voltage fuses — Part 1: General requirements
IEC 60335}1:2010, Househeold and similar electrical appliances — Safety — Part 1: General requjrements
IEC 60364|(all parts), kow-voltage electrical installations

IEC 6038414, Fixed capacitors for use in electronic equipment — Part 14: Sectional specification: Fixed
capacitors|forelectromagnetic interference suppression and connection to the supply mains

IEC 60384-16, Fixed capacitors for use in electronic equipment — Part 16: Sectional specification: Fixed
metallized polypropylene film dielectric d.c. capacitors

IEC 60384-17, Fixed capacitors for use in electronic equipment — Part 17: Sectional specification: Fixed
metallized polypropylene film dielectric a.c. and pulse capacitors

IEC 60417 (all parts), Graphical symbols for use on equipment

IEC 60423, Conduit systems for cable management — Outside diameters of conduits for electrical
installations and threads for conduits and fittings

IEC 60529:1989, Degrees of protection provided by enclosures (IP code)*; Amendment 1:1999
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4 There exists

a consolidated edition 2.1:2001 including IEC 60529:1989 and its Amendment 1:1999.

IEC 60539 (all parts), Directly heated negative temperature coefficient thermistors

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1: Principles,
requirements and tests

IEC 60664-3:2016, Insulation coordination for equipment within low-voltage systems — Part 3: Use of
coating, potting or moulding for protection against pollution

IEC 60664

Part 4: Cons,

eration of

high-freque

IEC 60695
apparatus é

IEC 60695-
flammability

IEC 60695-
IEC 60738-

IEC 60738
Blank detai

IEC 60947-

IEC 60998+
Particular r

IEC 60998+
Particular rt

IEC 60999
and screw
clamping u

IEC 61000

Insulation coordination for eauinment within low.vaoltage sustems
T N Al o T o4

ncy voltage stress

12-10, Fire Hazard testing — Part 2-10: Glowing/hot-wire based test metheds —
nd common test procedure

2-11:2000, Fire hazard testing — Part 2-11: Glowing/hot-wire based\test methods —
test method for end-products

10-2, Fire hazard testing — Part 10-2: Abnormal heat — Ballpressure test

1-1, Thermistors — Directly heated positive step-function temperature coefficient
specification — Current limiting application </Assessment level EZ

1:2007, Low-voltage switchgear and controlgear — Part 1: General rules

-2, Connecting devices for lowA/oltage circuits for household and similar purposes
bquirements for connecting devices as separate entities with screwless-type clampin

P-3, Connecting devices'for low-voltage circuits for household and similar purposes
bquirements for connecting devices as separate entities with insulation-piercing clam

1, Connecting‘devices — Electrical copper conductors — Safety requirements for
ess-type clamping units — Part 1: General requirements and particular requirs
nits for cetiductors from 0,2 mm? up to 35 mm? (included)

al\parts), Electromagnetic compatibility (EMC)

Glow-wire

Glow-wire

1, Thermistors — Directly heated positive temperature.coefficient — Part 1: Generic specification

- Part 1-1:

— Part 2-2:
g units

— Part 2-3:
ping units

screw-type
bments for

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic current
emissions (equipment input current < 16 A per phase)

IEC 61000-3-3:2008, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment with rated
current <16 A per phase and not subject to conditional connection

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement

techniques

— Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques —
Radiated, radio-frequency, electromagnetic field immunity test
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IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techniques —
Electrical fast transient/burst immunity test

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

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

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

IEC 61000}4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement t¢chniques —
Voltage dings, short interruptions and voltage variations immunity tests

IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) — Part 4-13: Testing and measurement
techniqued — Harmonics and interharmonics including mains signalling at a.c: power port, low frequency
immunity tgsts; Amendment 1:2009

IEC 61000}4-28, Electromagnetic compatibility (EMC) — Part 4-28: Testing and measurements|techniques
— Variation|of power frequency, immunity test

IEC 61051}1, Varistors for use in electronic equipment — Part 1; Generic specification

IEC 61051-2, Varistors for use in electronic equipment — Part 2: Sectional specification for surge
suppressidn varistors

IEC 61051}2-2, Varistors for use in electronic equipment — Part 2: Blank detail specification foy zinc oxide
surge suppression varistors. Assessment level E

IEC 610581, Switches for appliances:=-Part 1: General requirements

IEC 61210, Connecting devices — Flat quick-connect terminations for electrical copper cqnductors —
Safety requirements

IEC 61249|(all parts),.Materials for printed boards and other interconnecting structures

IEC 61558-2-6,-Safety of transformers, reactors, power supply units and similar products for supply
voltages up te1,100 V — Part 2-6: Particular requirements and tests for safety isolating transformers and
power supply-tinits incorporating safety isolating fransformers

IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for voltages up
to 1 100 V — Part 2-16: Particular requirements and tests for switch mode power supply units and
transformers for switch mode power supply units

IEC 61643-11, Low-voltage surge protective devices — Part 11: Surge protective devices connected to low-
voltage power systems — Requirements and test methods

IEC 62151, Safety of equipment electrically connected to a telecommunication network

IEC 62326 (all parts), Printed boards
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IEC 62368-1, Audio/video, information and communication technology equipment — Part 1: Safety

requiremen

ts

IEC 63044-3, Home and Building Electronic Systems (HBES) and Building Automation and Control
Systems (BACS) — Part 3: Electrical safety requirements

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

CISPR 14-1:2005, Electromagnetic compatibility — Requirements for household appliances, electric tools

and similar

5 There exists

CISPR 22:
methods of

ISO 16484-

1.2

'h’hﬂl’ﬂfllQ =Part 1: Emissions. Amendment 1:2008

a consolidated edition 5.1:2009 including CISPR 14-1:2005 and its Amendment 1:2008.

P008, Information technology equipment — Radio disturbance characteristics —
measurement

2, Building automation and control systems (BACS) — Part 2: Hardware

DV D2 Addition of the following to 1.2:

The following UL Standards are referenced in this‘Standard:

UL
En

UL
En

UL
Fle

UL

50
closures for Electrical Equipment, Non-Environmental Considerations

50E
closures for Electrical Equipment, Environmental Considerations

62
xible Cords and Cables

94

Plastic Materials forParts in Devices and Appliances, Tests for Flammability of

UL

157

Gapkets and Seals

UL

248-14

| imits and

Low-Voltage Fuses — Part 14: Supplemental Fuses

UL

310

Terminals, Electrically Quick-Connect

UL

508

Industrial Control Equipment

UL

514A

Metallic Outlet Boxes

UL

514B

Fittings, Conduit, Tubing and Cable
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UL 514C
Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers

UL 635
Insulating Bushings

UL 746C
Polymeric Materials — Use in Electrical Equipment Evaluations

UL 796
Printed-Wiring Boards

ULl 969
Marking and Labeling Systems

UL 1059
Terminal Blocks

uly 1434
THermistor-type Devices

Ul 4200A
Prpducts Incorporating Button or Coin Cell Batteries of Lithium Technologies

UL 4248
Fuseholders series

UL 5085-1
Law Voltage Transformers — Part1: General Requirements

UL 5085-2
Lgw Voltage Transformers~ Part 2: General Purpose Transformers

Ul 5085-3
Lgw Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

2 Terms and definitions

F th mhosas of thic documeaent the followina-terme and daefinitione annly
or the pulpeses-of this-dosument—the-followingterms-and-definitions

\
TPy

Where the terms "voltage" and "current” are used, they imply the r.m.s. values, unless otherwise specified.

2.1

2.11

Definitions relating to ratings, voltages, currents, frequencies, and wattages

RATED VOLTAGE, CURRENT, FREQUENCY or WATTAGE
voltage, current, frequency or wattage assigned to a CONTROL by the manufacturer

Note 1 to entry: For three phase supply, the rated voltage is the line voltage.

2.1.2

RATED VOLTAGE, CURRENT, FREQUENCY or WATTAGE RANGE
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voltage, current, frequency or wattage ranges assigned to the CONTROL by the manufacturer and
expressed by lower and upper values

213

WORKING VOLTAGE
highest r.m.s. value of the a.c. or d.c. voltage across any particular insulation which can occur when the
equipment is supplied at rated voltage

Note 1 to entry: TRANSIENT OVERVOLTAGES are disregarded.

Note 2 to entry: Open-circuit conditions and normal operating conditions are taken into account.

21.4
EXTRA-LOW

ELV

voltage not
between cq
under norm

I Note 1 to entry

Note 2 to entr
in line with 1EQ

215
SAFETY EXT
SELV
voltage for

accessible

42,4V AC
independe

obtained frg
windings pn

Note 1 to entr
I rated voltage.

I Note 2 to entr|
IEC 61558-2-§

Note 3 to entr|
may be specifi

I Note 4 to entry

VOLTAGE

exceeding the maximum values of 50 V AC (RMS), 70,7 V AC (peak) or 120 V DC (
nductors and between conductors and earth which is permitted to belmaintained
al and single-fault conditions

: Ripple-free is conventionally defined as an RMS ripple voltage of not more than 10 % of the DC compor]

: The use of ELV other than in SELV system or PELV system is not a prptective measure against electrig
61140:2001.

RA-LOW VOLTAGE

ripple-free)
indefinitely

ent.

shock, this is

use in SELV SYSTEM or PELV SYSTEM between conductors and between simyltaneously

bart(s) and between any accessible part and earth, not exceeding the limits of 30 V
eak) or 60 V DC (ripple free) under narmal and single-fault condition, which is pro

p
:iut source (such as safety isolating-tfansformers, motor generators, and batteries

m higher voltage is obtained by a SAFETY ISOLATING TRANSFORMER or a converter wif
pviding equivalent insulation

: The voltage limits are based on the assumption that the SAFETY ISOLATING TRANSFORMER s §
FFor the purpose of the output test in 24.1.1, the secondary output voltage limit shall be increased as spec

: Transformers used, in)converters that have separate windings and provide equivalent insulation are g
and IEC 61558-2-16]

: SELV limits-are defined regardless of any special condition which may occur in installation. Different
led in the televant electrical installation standards (e.g. IEC 60364 (all parts)) or in the applicable local reg

:«Ripple-free is conventionally defined as an RMS ripple voltage of not more than 10 % of the DC compor]

AC (RMS),
ided by an
) or when
h separate

upplied at its
fied in 17.2.2.

overed under

requirements
llations.

ent.

Note 5 to entry: SELV limits may be different in other product or system standards. In case a control is declared exclusively for use in
applications governed by a different standard, the limits set by the application standard apply (e.g. controls to be used exclusively in
household appliances according IEC 60335 set of standards or connected to HBES/BACS systems according to IEC 63044-3 accept
different SELV voltage limits).

21

.5DV D1 Modification of Note 2 to entry of 2.1.5 by adding the following:

Replace IEC 61558-2-6 with UL 5085-1 and UL 5085-3. Transformers used in Switch-mode
power supplies are evaluated to the applicable requirements of this standard.

216

SAFETY ISOLATING TRANSFORMER
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transformer, the input winding of which is electrically separated from the output winding by an insulation at

least equivalent to DOUBLE INSULATION or REINFORCED INSULATION, and which is intended to supply SAFETY
EXTRA-LOW VOLTAGE circuits

2.1.6DV DR Addition of the following note to 2.1.6:

A Class 2 transformer which is considered a safety isolating transformer is defined as a step-down transformer of
the low-voltage secondary type in accordance with Article 725 of the National Electrical Code, NFPA 70.

2.1.7
SAME POLA

relationshi
through a |

2.1.8 Voi

21.9
ISOLATED LI

circuit fron an isolated secondary winding of a transformer having a maximium capacity of 10(

open-circu

2.1.10
PILOT DUTY

class of OHERATION in which the ultimate electrical load is controlled by an auxiliary means suc
or contactqr

21.11
TRANSIENT

short duraf
[SOURCE

21.12
RATED IMPU

impulse wi

the specifi¢d withstand capability of its insulation against overvoltages

21.13
OVERVOLTA

numeral ch

D between LIVE PARTS such that an interconnection between them allows a flow
bad, and which current is thus limited by the load

IMITED SECONDARY CIRCUIT

t secondary voltage rating not exceeding 1 000 V

ODVERVOLTAGE
on overvoltage of few milliseconds-or less, oscillatory or non-oscillatory, usually high

IEC 60050-604:1987, 604-03=13]

LSE VOLTAGE
hstand voltage assigned by the manufacturer to the equipment or to a part of it, ch

IGE CATEGORY
aracterizing a TRANSIENT OVERVOLTAGE condition

of current

VA and an

h as a relay

ly damped

practerizing

Note 1 to entry: Overvoltage categories |, Il, lll, and IV are used. See Annex L.

21.14
EXPOSED-C

ONDUCTIVE-PART

conductive part of equipment, which can be touched and which is not normally live, but which can become
live when BASIC INSULATION fails

Note 1 to entry: A conductive part of a CONTROL which can only become live through contact with an EXPOSED-CONDUCTIVE-
PART which has become live, is not considered to be an EXPOSED-CONDUCTIVE-PART itself.

[SOURCE: IEC 60050-195:1998, 195-06-10, modified — Note 1 to entry has been added.]

2.1.15

(CONDUCTIVE) SCREEN
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(CONDUCTIV
conductive

[SOURCE:

2.1.16

E) SHIELD (US)
part that encloses or separates electric circuits and/or conductors

IEC 60050-195:1998, Amendment 1:2001, 195-02-38]

(ELECTRICALLY) PROTECTIVE SCREEN
(ELECTRICALLY) PROTECTIVE SHIELD (US) o .
CONDUCTIVE SCREEN used to separate an electric circuit and/or conductors from hazardous-live-parts

[SOURCE:

IEC 60050-195:1998, Amendment 1:2001, 195-06-17]

2117
(ELECTRICAL
(ELECTRICAI

separation
PROTECTIVH

protection g
[SOURCE:

21.18
SIMPLE SEPA

separation
[SOURCE:

2119
(ELECTRICAL

separation

— DOUBLE IN

LY) PROTECTIVE SCREENING
LY) PROTECTIVE SHIELDING (US)

of electric circuits and/or conductors from HAZARDOUS LIVE PARTS by an EL
SCREEN connected to the protective EQUIPOTENTIAL BONDING SYSTEM.and intended

gainst electric shock

IEC 60050-195:1998, Amendment 1:2001, 195-06-18]

RATION
between circuits or between a circuit and earth by means of BASIC INSULATION

IEC 61140:2001, 3.23]

LY) PROTECTIVE SEPARATION
Df one electric circuit from another bysmeans of:

SULATION, or

— BASIC INSYLATION and ELECTRICALLY-PROTECTIVE SCREENING (SHIELDING), or

— REINFORC
[SOURCE:

2.1.20
SELV SYSTE

electrical s

FD INSULATION

IEC 60050-195:1998, Amendment 1:2001, 195-06-19]

U

ECTRICALLY
to provide

stem in which the voltage cannot exceed ELV:

— under normal conditions, and

— under single-FAULT conditions, including earth FAULTS in other circuits

[SOURCE:

21.21

IEC 61140:2001, 3.26.1]

PELV SYSTEM
electrical system in which the voltage cannot exceed ELv:

— under normal conditions, and
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— under single-FAULT conditions, except earth FAULTS in other circuits
[SOURCE: IEC 61140:2001, 3.26.2]
2.2 Definitions of types of control according to purpose

221
ELECTRICAL CONTROL

device used in, on or in association with an equipment for the purpose of varying or modifying the output
from such equipment, and which embodies the aspects of INITIATION, TRANSMISSION and OPERATION

Note 1 to entry: Hereinafter, electrical control is referred to as "CONTROL".

Note 2 to entrly: At least one of these aspects shall be electrical or electronic.

222
MANUAL CONTROL _ _ _
CONTROL i which the INITIATION is by ACTUATION and in which the TRANSMISSION and the OPERATION are

both directland without any intentional time delay

2.2.3
AUTOMATIC|CONTROL _
CONTROL in which at least one aspect is non-manual

224
SENSING CQNTROL
AUTOMATIC|CONTROL in which INITIATION is by an element sensitive to the particular ACTIVATING QUANTITY

declared, fpr example, temperature, current, humidity,light, liquid level, position, pressure or veJocity

225
THERMALLY|OPERATED CONTROL
AUTOMATIC[CONTROL in which the TRANSM|SSION is by a thermal PRIME MOVER

226
THERMOSTAT

cycling temperature SENSING €ONTROL, which is intended to keep a temperature between two particular
values under normal operating conditions and which may have provision for SETTING BY THE USHR

227
TEMPERATURE LIMITER

temperatufe SENSING CONTROL which is intended to keep a temperature below or above ong particular
value durirl]g nermal operating conditions and which may have provision for SETTING BY THE USER

Note 1 to entry: A TEMPERATURE LIMITER may be of the automatic or of the manual reset type. It does not make the reverse
OPERATION during the normal DUTY CYCLE of the appliance.

228
THERMAL CUT-OUT

temperature SENSING CONTROL intended to keep a temperature below or above one particular value during
abnormal operating conditions and which has no provision for SETTING BY THE USER
Note 1 to entry: ATHERMAL CUT-OUT may be of the automatic or of the manual reset type.

Note 2 to entry: Normally a THERMAL CUT-OUT will provide a TYPE 2 ACTION.

2.29 Void
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2.2.10
ENERGY REGULATOR

self-cycling CONTROL which alters the energy to a load and which may incorporate means for SETTING BY
THE USER to change the average energy supplied

Note 1 to entry: The ratio of the on-time, to the on-plus-off-time, determines the average energy supplied.

2.2.11
TIME-BASED CONTROL

automated CONTROL in which the TRANSMISSION is effected by a time-based PRIME MOVER or a time-based
electrical circuit

2.2.12
ELECTRICALLY OPERATED CONTROL
AUTOMATIC £ONTROL in which the TRANSMISSION is effected by an electrical PRIME MOVER)and i} which the
OPERATION gontrols an electric circuit, and is without intentional significant time-delay

Note 1 to entry: An example is a relay.

Note 2 to entfy: A slugged-relay may be either an ELECTRICALLY OPERATED CONTROL-or a TIME-BASED CONTROL by
agreement bejween testing authority and manufacturer.

2.213
TIMER _ _
TIME-BASED|CONTROL which requires ACTUATION before the nextgyele can take place

Note 1 to entry: During a cycle, it may require an external electrical or mechanical signal before moving from a rest pogition to allow
the cycle to continue. An example is a programmer.

2.2.14
TIME SWITCH
TIME-BASED| CONTROL which continues with a\ subsequent cycle when the preceding one|has been

completed

Note 1 to entry: An example is a 24 h CONTROL on a storage heater.

2.2.15
MOTOR PROTECTOR
AUTOMATIC [CONTROL that(is) specifically intended to protect the windings of an electric rmotor from

overheating

2.2.16
THERMAL MQTOR PROTECTOR
AUTOMATIC [CONTROL, built-in or on a motor, that is specifically intended to protect the mojor against

H pu | 'y H L pu | al £l 4 gy
overheatlnv e toruntmgoverioadancratitreto-Start

Note 1 to entry: The CONTROL carries motor current and is sensitive to motor temperature and current.

Note 2 to entry: The CONTROL is capable of being reset (either manually or automatically) when its temperature falls to the reset
value.

2217

ELECTRICALLY OPERATED VALVE

AUTOMATIC CONTROL in which the TRANSMISSION is effected by an electrical PRIME MOVER and in which the
OPERATION controls the flow of a liquid or a gas

2.2.18
ELECTRICALLY OPERATED MECHANISM
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AUTOMATIC CONTROL in which the TRANSMISSION is effected by an electrical PRIME MOVER in which the
OPERATION controls a mechanical device

Note 1 to entry: An example is an electrically operated interlock for a spin dryer lid.

Note 2 to entry: An electric motor is not included in this definition.

2.2.19
OPERATING CONTROL
CONTROL which starts or regulates the equipment during normal OPERATION

2.2.20
PROTECTIVE CONTROL S o .
CONTROL, the OPERATION of which is intended to prevent a hazardous situation during abnarmal OPERATION

of the equipment

2.2.21
MULTIPURPSE CONTROL
ELECTRICAL CONTROL that can be classified and used for more than one purpose

Note 1 to enfry: An example of a MULTIPURPOSE CONTROL is a THERMOSTAT that\can also be used as a THMPERATURE
LIMITER.

2.2.22
MULTIFUNCTIONAL CONTROL _
ELECTRICAL CONTROL which incorporates more than one fungtion

Note 1 to entiy: An example of a MULTIFUNCTIONAL CONTROL is the combination of a THERMOSTAT and a humidigtat.

2.2.23
SYSTEM
CONTROL ahd CONTROL sensors and actuators-as applied to an application or processes

2.3 Defirfitions relating to the function of controls

2.31
INITIATION

alteration tp that aspect of a'\CONTROL which is required to produce TRANSMISSION and OPERATION

232
TRANSMISS|ON

essential gqoupling.between INITIATION and OPERATION which is required to enable the CONTROL to fulfil its
purpose

Note 1 to entry: This includes, but is not limited to, the use of:
a) communication lines/protocols;

b) additional hardware and/or software;

c) IRIRF TRANSMISSION;

or all combinations of a) to c) via Internet using, for example, modems, portable telephones, etc.

233
OPERATION

change in that aspect of a CONTROL which modifies the input to the equipment or part of the equipment
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234
AUTOMATIC ACTION

that action of an AUTOMATIC CONTROL in which the TRANSMISSION and OPERATION are produced by INITIATION
which is not the result of ACTUATION

2.3.5
SLOW-MAKE SLOW-BREAK AUTOMATIC ACTION

mode of OPERATION where the rate of contact make and/or break is directly proportional to the rate of
change of the ACTIVATING QUANTITY, or to the speed of movement of a PRIME MOVER

Note 1 to entry: This action may be applicable to either the make, or the break, or both.

2.3.6
MANUAL ACT|ION

that action pf an AUTOMATIC CONTROL or of a MANUAL CONTROL in which the TRANSMISSION and [OPERATION
are produced by INITIATION which is the result of ACTUATION

237
ACTUATION

movement pf the ACTUATING MEMBER of the CONTROL by the USER, by hand, by foot or by any other human
activity

2.3.8
LOCATED PQSITION

position of the ACTUATING MEMBER to which it will return if it isireleased after being moved slightly

239
INTERMEDIATE POSITION

any position of any ACTUATING MEMBER which_i§*adjacent to a LOCATED POSITION, and in|which the
ACTUATING MEMBER will remain and in which the,OPERATION of the CONTROL is intermediate

2.3.10
ACTIVATING QUANTITY

physical characteristic of a mediumthe variation or stability of which is being sensed

231
OPERATING YALUE

value of thg relevant temperature, pressure, current, etc. at which a SENSING CONTROL operates on a rise
or fall of thg ACTIVATING QUANTITY

2.3.12
OPERATING TIME

duration ofltime, or the difference of time, between any two functions, electrical or mechanical, occurring
during the AUTOMATIC ACTION of a TIME-BASED CONTROL

2.3.13
OPERATING SEQUENCE

intended sequence, order or pattern in which the OPERATION of the electrical or mechanical functions of a
CONTROL are intended to occur as a result of either an AUTOMATIC or a MANUAL ACTION of a CONTROL

Note 1 to entry: It includes the pattern of opened or closed contacts in any LOCATED POSITION, INTERMEDIATE POSITION or
position of SETTING BY THE EQUIPMENT MANUFACTURER or SETTING BY THE USER.

2.3.14
RESPONSE VALUE _ _
OPERATING VALUE, the OPERATING TIME or the OPERATING SEQUENCE which relates a CONTROL to a particular

equipment
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2.3.15
TRIP-FREE . _ _ o
AUTOMATIC ACTION, with a reset ACTUATING MEMBER, in which the AUTOMATIC ACTION is independent of

manipulation or position of the reset mechanism

2.3.16
LEAKAGE CURRENT

all currents, including capacitively coupled currents, which may be conveyed between exposed conductive
surfaces of a device and earth or other exposed conductive surfaces of a device

23.17
SETTING

mechanicql positioning of a part of a CONTROL in order to select an OPERATING VALUE

2.3.18
SETTING BY]THE CONTROL MANUFACTURER

any SETTING carried out by the CONTROL MANUFACTURER which is not intended)to be altgred by the
EQUIPMENT|MANUFACTURER, the INSTALLER or the USER

2.3.19
SETTING BY|THE EQUIPMENT MANUFACTURER

any SETTING carried out by the EQUIPMENT MANUFACTURER which is\not intended to be altgred by the
INSTALLER ¢r the USER

2.3.20
SETTING BY|THE INSTALLER

any SETTING carried out by the INSTALLER, as instructed by the EQUIPMENT MANUFACTURER or thhe CONTROL
MANUFACTURER, and which is not intended to be alteredby the USER

2.3.21
SETTING BY|THE USER

any selectipn of an OPERATING VALUE by ACTUATION performed by the USER

2.3.22
SET POINT

value selegted by SETTING

2.3.23
ADJUSTABLIE SET POINT

multiple vajues, withinia-declared range of values, which can be selected by SETTING

2.3.24
DUTY CYCLE

all automaticand-vANTACACTIONS nvotvedmone start-to-fimstroPERATION Of thecontrottedequipment

2.3.25
CYCLE OF CONTACT OPERATION

one contact make and one subsequent contact break action, or one contact break and one subsequent
contact make action

2.3.26
OPERATING DIFFERENTIAL

difference between the upper and lower values of the OPERATING VALUE

2.3.27
ADJUSTABLE DIFFERENTIAL
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ability to change or alter the OPERATING DIFFERENTIAL within rated limits by OPERATION of a manually
actuated mechanism

2.3.28
FIXED DIFFERENTIAL
OPERATING DIFFERENTIAL which cannot be changed from the manufacturer's SETTING

2.3.29
MAXIMUM WORKING PRESSURE
MAXIMUM RATED PRESSURE

declared maximum line or SYSTEM working pressure to which the CONTROL or parts thereof may be
subjected

2.3.30
MAXIMUM THMPERATURE

TMAX
declared mpximum continuous ambient temperature to which the SWITCH HEAD is-intended to he exposed

during nornjal OPERATION

2.3.31
REMOTELY ACTUATED CONTROL FUNCTION

function prqviding any OPERATION by CONTROL devices through external'means
Note 1 to entry: This includes, but is not limited to, the use of:

a) communication lines/protocols;

b) additional hprdware and/or software;

c) IR/RF TRANSMISSION; or

all combinatiops of a) to c) via Internet using, for example, modems, portable telephones, etc.

2.3.32
SAFETY SHU[I-DOWN

change in the state of all electrical outputs so that all safety critical electrical outputs of the CONTROL will
proceed to p safe condition.including shut-down

2.3.33
MOUNTING JURFACEEMPERATURE

TS max
declared maxitum temperature to which the mounting surface of the control is intended to e exposed

including amylikely overshoot once a control has operated

2.4 Definitions relating to disconnection and interruption
Some CONTROLS may incorporate more than one form of circuit disconnection or interruption.

241
ALL-POLE DISCONNECTION

for single-phase a.c. appliances and for d.c. appliances, disconnection of both supply conductors by a
single switching action or, for appliances to be connected to more than two supply conductors,
disconnection of all supply conductors, except the earthed (grounded) conductor, by a single switching
action

Note 1 to entry: The protective earthing conductor is not considered to be a supply conductor.
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242
FULL DISCONNECTION

contact separation in all supply poles other than earth so as to provide the equivalent of BASIC INSULATION
between the supply mains and those parts intended to be disconnected

Note 1 to entry: There are electric strength and dimensional requirements.

Note 2 to entry: Where the number of poles on the CONTROL is equal to the number of supply poles of the appliance to which it is
connected, FULL DISCONNECTION provides ALL-POLE DISCONNECTION.

Note 3 to entry: See also Annex H.

243
MICRO-DISQONNECTION

adequate gontact separation in at least one pole so as to provide functional security

Note 1 to entry: There is a requirement for the electric strength of the contact gap but no dimensional requirement.

Note 2 to entfy: MICRO-DISCONNECTION denotes that for non-SENSING CONTROLS the function controlled by the|ldisconnection
is secure, and that for SENSING CONTROLS is secure between the limits of ACTIVATING QUANTITY declared in requirement 36 of
Table 1.

Note 3 to entry: See also Annex H.

244
MICRO-INTERRUPTION

interruption of a circuit by contact separation, by a cycling.action or by a non-cycling action which does not
provide FULL DISCONNECTION or MICRO-DISCONNECTION

Note 1 to entry: There are no electric strength or dimensionatxequirements for the contact gap.

Note 2 to entry: See also Annex H.

245
OFF POSITION

position providing a visible or implied indication of a FULL DISCONNECTION or MICRO-DISCONNECTIPN

2.4.5DV D2 Modification of 2.4.5 by adding the following text after the word "MICRD-
DI§CONNECTION":

"that is mechanically secured (see 11.4.101DV)."

246 See AnnexH.
2.5 Definitions of types of control according to construction

2.5.1
INTEGRATED CONTROL
CONTROL which is dependent on its correct mounting and fixing in an equipment, and which can only be

tested in combination with the relevant parts of the equipment
Note 1 to entry: The equipment may use electricity, gas, oil, solid fuel or a combination thereof.

Note 2 to entry: INTEGRATED CONTROL also denotes a CONTROL which is part of a more complex CONTROL (electrical or non-
electrical).
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252

INCORPORATED CONTROL o _ _
CONTROL intended for incorporation in, or on, an equipment, but which can be tested separately

Note 1 to entry: The fact that an INCORPORATED CONTROL can be tested separately does not imply that it may not be tested in an

equipment as

specified in 4.3.1.1.

Note 2 to entry: The equipment may use electricity, gas, oil, solid fuel or a combination thereof.

Note 3 to entry: INCORPORATED CONTROL also denotes a CONTROL intended for incorporation in or on a more complex

CONTROL (el

ectrical or non-electrical).

253
IN-LINE COR

separately

flexible cords, equipment inlets or socket-outlets, and is intended to be manually actuated

Note 1 to entry

2.5

Afy
Y of

254
FREE-STAND|
IN-LINE COR

Note 1 to entry

255
INDEPENDEN
CONTROL in|

controlled g

Note 1 to entry

— for surface nj

— for flush moyginting, such'as into a wall cavity, when installation shall be possible from the front;

— for panel mg

D CONTROL
cased CONTROL intended to be connected to the supply and to the equipment”by

: Afuse in the plug is not regarded as a part of the CONTROL.

3DV D2 Modification of Note 1 to entry:

Z.

ING CONTROL
D CONTROL intended to stand on a table or-ondhe floor

: It may be actuated by hand, by foot or by other similar human activity.

TLY MOUNTED CONTROL : _
tended for permanent connggction to FIXED WIRING, but intended to be mounted awa

quipment
: It may be either:

ounting such asionto a wall;

untingysuch as onto or into a CONTROL panel, when installation may be from the rear.

256

PULL-CORD ACTUATED CONTROL
CONTROL intended to be mounted in, or on, an equipment and actuated by means of a PULL-CORD

25.7t02.5.

251

10 See Annex H.

TWO-STEP ACTUATION
sequential performance of two distinct movements of the ACTUATING MEMBER

2.6 Definitions of type of automatic action of a control according to test procedure

2.6.1

means of

se in the plug is regarded to be part of the CONTROL if the cord is non-detachable using attachment methods

y from the
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TYPE 1 ACTI

ON

AUTOMATIC ACTION for which the MANUFACTURING DEVIATION and the DRIFT of its OPERATING VALUE, OPERATING
TIME or OPERATING SEQUENCE have not been declared and tested under this standard

Note 1 to entry: ATYPE 1 ACTION is subclassified as specified in 6.4.

2.6.2
TYPE 2 ACTI

ON

AUTOMATIC ACTION for which the MANUFACTURING DEVIATION and the DRIFT of its OPERATING VALUE, OPERATING
TIME or OPERATING SEQUENCE have been declared and tested under this standard

Note 1 to entry: ATYPE 2 ACTION is subclassified as specified in 6.4.

2.7 Defin

271

LIVE PART
conductive
not a PEN

2711
HAZARDOUS
LIVE PART W

27.2
CLASS 0 CO
CONTROL if

Note 1 to ent|
CONDUCTO
upon the EN

Note 2 to ent
not allowed.

Note 3 to entf]

273
CLASS 01 CQ
IN-LINE COR

but with a
cannot be

Note 1 to ent

itions relating to protection against electric shock

part intended to be energized in NORMAL USE, including a neutral conductor, but by
conductor

LIVE PART
hich, under certain conditions of external influences, can give an electric shock

NTROL
which protection against electric shock reliesfupon BASIC INSULATION

'y: This implies that there are no means for the connection of accessible conductive parts, if any, to the
R in the FIXED WIRING of the installation; relian¢e in the event of a FAILURE of the BASIC INSULAT]
IRONMENT.

[y: In Austria, Belgium, Denmark, France;“Germany, Italy, Norway, and the United Kingdom CLASS 0 C

NTROL
D CONTROL having at least BASIC INSULATION throughout and provided with an earth

NON-DETACHABLE CORD without earthing conductor, and a plug without earthing co
ntroduced into a socket-outlet with earthing contact

y: InyAustria, Belgium, Denmark, France, Germany, Italy, Norway, and the United Kingdom CLASS 0I C

not allowed.

convention

PROTECTIVE
ION is placed

DNTROLS are

y: An earthing terminal is only allowed if it is for continuity or functional (as distinct from protective) purpoges.

ng terminal
ntact which

DNTROLS are

Note 2 to entry: An earthing terminal is only allowed if it is for continuity (as distinct from protective) purposes.

2.7.3DV DR Modification of 2.7.3 by adding the following text after the notes:

CLASS 0l is not applicable.

274

CLASS | CONTROL
CONTROL in which protection against shock does not rely on BASIC INSULATION only, but which includes an

additional safety precaution in such a way that means are provided for the connection of accessible
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conductive parts to the protective (earthing) 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 1 to entry: This provision includes a PROTECTIVE CONDUCTOR as part of the flexible cord or cable. When CLASS |
CONTROLS are fitted with a two-core flexible cord or cable; provided that it is fitted with a plug which cannot be introduced into a
socket-outlet with earthing contact, the protection is then equivalent to that of class 0, but the earthing provisions of the equipment in
all other respects should fully comply with the requirements of class I.

Note 2 to entry: CLASS | CONTROLS may have parts with DOUBLE INSULATION or parts that provide protection against electric
shock by SELV or PELV.

275

CLASS Il CONTROL _ _ _ . _
CONTROL in| which protection against electric shock does not rely on BASIC INSULATION only, bt in which
additional protective precautions, such as DOUBLE INSULATION or REINFORCED INSULATION; ‘arg provided,
there being|no provision for protective earthing or reliance upon installation conditions

Note 1 to entry: Such a CONTROL may be one of the types defined in 2.7.5.1 to 2.7.5.3.

Note 2 to entry: CLASS Il CONTROLS may have parts that provide protection against electric sho¢k by use of SELV.

Note 3 to entfy: CLASS || CONTROLS cannot have parts that provide protection against-electric shock by use of HELV, as such
circuits requirg connection to an earthing terminal.

2.7.51

INSULATION-ENCASED CLASS Il CONTROL . . . . _

CONTROL having a durable and substantially continuous enclosure of insulation material which{envelopes
all metal parts, with the exception of small parts, such as name plates, screws and rivets,| which are
isolated fropn LIVE PARTS by insulation at least equivalent to REINFORCED INSULATION

2.75.2

METAL-ENCASED CLASS Il CONTROL

CONTROL having a substantially continueus metal enclosure in which DOUBLE INSULATION is used
throughout,| except for those parts where REINFORCED INSULATION is used, because the application of
DOUBLE INSILATION is manifestly impracticable

2753

COMBINATION INSULATION-ENCASED/METAL-ENCASED CLASS Il CONTROL

CONTROL which is a combimation of the types described in 2.7.5.1 and 2.7.5.2

Note 1 to entfy: The enclosure of an all-insulated CLASS Il CONTROL may form a part or the whole of the SUPPLEMENTARY
INSULATION |or of the\REINFORCED INSULATION. If a CONTROL with DOUBLE INSULATION and/or REINFORCED
INSULATION throughouthas an earthing terminal or earthing contact, it is deemed to be of class 0l or class | constructign.

2.7.6

CLASS Ill CONTROL S o _ _ _
CONTROL relying on limitation of voltage to ELv values as provision against electric shock for basic

protection and

— with no provision for FAULT protection;

— which for supply are only connected to a SELV SYSTEM or a PELV SYSTEM, to form part of that SYSTEM;

— where internal circuits do not operate at a higher level than ELv;

— where in case of a single FAULT within the CONTROL no steady state touch voltage may appear or be
generated exceeding ELV level; and
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— not provided with a means of connection for a PROTECTIVE CONDUCTOR

27.7
DETACHABLE PART

part which can be removed or opened without the aid of a TooL and which does not comply with the test of
11.11.1.5

278
ACCESSIBLE PART OR ACCESSIBLE SURFACE

part or surface which can be touched by the test finger of Figure 2, when the CONTROL is mounted as in
NORMAL USE, and after DETACHABLE PARTS have been removed

2.1.8DV D2 Modification of 2.7.8:

Rgplace "Figure 2" with "Figure DVA.3.2.2."

27.9
FUNCTIONAL INSULATION

insulation petween LIVE PARTS which have a potential difference between them, and which insulation is
necessary [for the correct OPERATION of the CONTROL or controlled equipment (L-L)
Note 1 to entry: In 2.7.9 through 2.7.12, the following abbreviations are used:

L LIVE PART:

A ACCESSIBILE PART (either conductive or an insulating surface);

| intermediatq part.

2.7.10
BASIC INSUILATION

insulation applied to LIVE PARTS to provide basic protection against electric shock (L-A or L-I)
Note 1 to entiy: BASIC INSULATION includes insulation between LIVE PARTS and:

— intermediat¢ conductive parts or metal foil over intermediate insulating surfaces (class Il situation);

— accessible ¢onductive pafts (class 0, Ol, | situations);

— conductive parts connected to accessible conductive parts (class 0, Ol, | situations);

— metal foil over accessible insulating surfaces (class 0 situation).

Note 2 to entry: This was formerly part of that insulation referred to as FUNCTIONAL INSULATION.

2.7.10DV DE Relocation of Note 2 to entry:

Relocate Note 2 to entry under 2.7.9.

2.7.11
SUPPLEMENTARY INSULATION

independent insulation applied in addition to BASIC INSULATION in order to provide protection against electric
shock in the event of a FAILURE of BASIC INSULATION (I-A)
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Note 1 to entry: It includes insulation between intermediate conductive parts, or metal foil over intermediate insulating surfaces and:

—accessible ¢

onductive parts (class |l situation);

— conductive parts connected to accessible conductive parts (class Il situation);

— metal foil over accessible insulating surfaces (class Il situation).

2.712

REINFORCED INSULATION
single insulation SYSTEM applied to LIVE PARTS, which provides a degree of protection against electric

shock equi

alent to DOUBRLE INSUL ATION-under the conditions cpnnifinr‘l inthis standard (I (I) A)

Note 1 to entry
—accessible ¢
—conductive f
— metal foil ov

Note 2 to entr|
several layers

2.7.13
DOUBLE INS

insulation c
2.7.14 Se

2.7.15
EQUIPOTENT

provision of
Note 1 to entry

EQUIPOTENT
liable to intro
conductive pa
but which ca
BONDING TH

: Itincludes insulation between LIVE PARTS and:

bnductive parts (class Il situation);

arts connected to accessible conductive parts (class Il situation);
br accessible insulating surfaces (class |l situation).

y: The term "insulation system" does not imply that the insulation must(be*one homogeneous piece. It 1
\which cannot be tested singly as SUPPLEMENTARY INSULATION ©#BASIC INSULATION.

JLATION
bmprising both BASIC INSULATION and SUPPLEMENTARY INSULATION (class Il situation)

e Annex H.

IAL BONDING
electric connections betweeh conductive parts, intended to achieve equipotentiality

: The effectiveness of the EQUIPOTENTIAL BONDING depends on the frequency of the current in the bg

uce an electrical potential, generally the electric potential of the local earth (extraneous-conductive

[t of CONTROLS, or equipment or components in the installation which can be touched and which is no
h become dive-'when BASIC INSULATION fails (EXPOSED-CONDUCTIVE-PART) to a main EQU
RMINAL(in)the form of a bar, in order to bring these parts to the same potential. Parts to be con

EQUIPOTENT
earthing cond

:

tubing for water\(drinking and waste), metallic bathtubs, the central heating system piping, any internal gas tubing

IAL BONDING SYSTEM include, for example, PROTECTIVE CONDUCTORS, PE conductors, PEN
tars, protective earthing terminals of CONTROLS or equipment, all conductive parts in a building, for e

nay comprise

nding.

IAL BONDING is used.to connect any conductive part of a building not forming part of the electrical installation and

pbart) and any
normally live
IPOTENTIAL
hected to the
| conductors,
ample, metal
which is also

required to be isolated from external gas tubing), earth connectors for antennas and telecommunication sysiems, all

metal parts of

the building used for construction like mats and iron, and conductors for lightning protection and depending on the installation
system, the earth electrode. Requirements for EQUIPOTENTIAL BONDING can be found in the IEC standards for the installation of
buildings. These may be relevant for the installation of CONTROLS which consist of several component-parts (for example, sensors,
actors, central CONTROL element, interface elements) connected in parallel to or via the fixed installation of the building.

[SOURCE: IEC 60050-195:1998, 195-01-10]

2.7.15DV DR Modification: Replace the second from last sentence of 2.7.15 with the
following:

Requirements for EQUIPOTENTIAL BONDING can be found in the National Electrical Code (NEC), NFPA 70 for the
installation of buildings.
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2.7.151
PROTECTIVE-EQUIPOTENTIAL-BONDING _ _ .
EQUIPOTENTIAL BONDING for purposes of safety (protection against electric shock)

Note 1 to entry: Functional EQUIPOTENTIAL BONDING is defined in [IEV 195-01-16].

[SOURCE: IEC 60050-195:1998, 195-01-15, modified — (protection against electric shock) has been
added.]

2.7.15.1DV D2 Addition:

quipment,
connecting a main protective earthing terminal to a part of the equipment that'is required to

2.7.15.2DV D2 Addition:

PRPTECTIVE EARTHING CONDUCTOR
a ¢onductor connecting the main protective earthing terminal or lead in the equipment to
the building earth, or in the power SUPPLY CORD, connecting a main protectije earthing
terminal in the equipment to an earth point in the building installation

2.8 Definjitions relating to component parts of controls

2.81
SENSING ELEMENT

that part of the CONTROL which is intended to be exposed to the influences of the ACTIVATING QUANTITY to
which the AUTOMATIC ACTION of a SENSING CONTROL responds

2.8.2
SWITCH HEAD

complete JONTROL, except for'any SENSING ELEMENT

Note 1 to entfy: If by construction-it is impossible to distinguish between the SWITCH HEAD and the SENSING ELEMENT, then the
whole CONTIROL is considéred to be the SENSING ELEMENT.

2.8.3
ACTUATING MEMBER

that part which'is manually moved, pulled, pushed or turned to cause INITIATION of a CONTROL dction, or for
SETTING BY THE USER

Note 1 to entry: The term "ACTUATING MEMBER" does not include any device such as a set-screw used for SETTING BY THE
CONTROL MANUFACTURER if such a device is adequately locked against further movement, or if a TOOL is required for such
SETTING BY THE CONTROL MANUFACTURER.

2.84
ACTUATING MEANS

any part which connects the ACTUATING MEMBER to the mechanism of the CONTROL

2.8.5
PULL-CORD

flexible ACTUATING MEMBER which is pulled to cause ACTUATION
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2.8.6

PRIME MOVER

any device used to produce the mechanical energy required to provide the TRANSMISSION for an AUTOMATIC
CONTROL, such as an ELECTRICALLY OPERATED CONTROL, an ELECTRICALLY OPERATED VALVE, an ELECTRICALLY
OPERATED MECHANISM Or a TIME-BASED CONTROL

Note 1 to entry: It may be a mechanical storage device (for example, a clockwork spring), an electro-magnetic device (for example,
an electric motor, or stepping solenoid), an electro-thermal device (for example, the heating element of an ENERGY REGULATOR)

or any other mechanism producing mechanical energy.

2.8.7

CLUTCH

mechanica u'c_viuc by VViIi.L;iI A ACTUATING MEMBER Can override c.ithcl a PRIMETMOVEROramACTIVATING
QUANTITY, cpusing or allowing the INITIATION or cancellation of an action

2.8.8

COVER

COVER PLATE

part which s accessible when the CONTROL is mounted as in NORMAL USE and. which can be removed only
with the aid|of a TOoL

Note 1 to entry: It shall not require the use of a SPECIAL PURPOSE TOOL for its removal:

289

SCREWLESS|FIXED PART (OR COMPONENT) _ _ _ _
ACCESSIBLE| PART (or component) which, after attachment, installation, mounting or assembly into or onto
an equipment or another component, or to a specially prepared support, is retained in position by positive
means whi¢h do not depend on screws

Note 1 to ent
obtain access

Note 2 to en
COMPONENT

— parts of com

— flat, push-on|

— SCREWLESY

—standard plu

—standard ap

ly: Disassembly or removal may require the use.of a TOOL, either applied directly to the part (or com
to the retaining means.

try: The following are some examples_of parts which are not regarded as SCREWLESS FIXED
S:

ponents fixed permanently by rivets, glueing or similar means;
connectors;

S TERMINALS;

gs and sacket-outlets;

liance’couplers, even if such have additional latching devices to prevent a single action uncoupling;

bonent), or to

PARTS OR

— the replacement of a lamp in a bayonet type lampholder;

— twist-lug con

struction;

— friction-fit construction.

2.9 Definitions of types of terminals and terminations of controls

2.91

PILLAR TERMINAL
terminal in which the conductor is inserted into a hole or cavity, where it is clamped under the shank of the

Screw or sc

rews
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Note 1 to entry: The clamping pressure may be applied directly by the shank of the screw, or through an intermediate clamping
member to which pressure is applied by the shank of the screw (see Figure 11).

29.2
SCREW TERMINAL

terminal in which the conductor is clamped under the head of the screw

Note 1 to entry: The clamping pressure may be applied directly by the head of the screw, or through an intermediate part, such as a
washer, a clamping plate or an anti-spread device (see Figure 10).

293
STUD TERMINAL

terminal injwhich the conductor is clamped under a nut

Note 1 to entfy: The clamping pressure may be applied directly by a suitably shaped nut, or through an intermediate part, such as a
washer, a clapping plate or an anti-spread device (see Figure 10).

294
SCREWLES$ TERMINAL

terminal in[which the connection of the conductor is achieved directly or indirectly by means| of springs,
wedges, e¢centrics, cones or the like

Note 1 to entry: The following are not regarded as SCREWLESS TERMINALS:

— terminals rgquiring the fixing of special devices to the conductors before clamping them in the terminal, for example} FLAT PUSH-
ON CONNE(QTORS;

— terminals requiring wrapping of the conductors, for example, those With wrapped joints;

— terminals prioviding direct contact to the conductors by means\of edges or points penetrating the insulation.

295
FLAT PUSH-DN CONNECTOR

assembly ¢f a TAB and a RECEPTACLE.€nabling the connection, at will, of a core or conductor toja CONTROL
or to anothr core or conductor

296
RECEPTACLE

female parf of a FLAT PUSH-ON CONNECTOR intended to be permanently attached to a core or corductor (see
Figure 16)

2.9.7
TAB

£ L . 4.4 P W =AY
male part ra FCAT PUSH-ONCORNECTOR(See Tigure Taana r1gure 1)

2938
IN-LINE TAB
TAB intended to be permanently attached to a core or conductor

2.9.9
TAB FORMING PART OF A CONTROL
TAB permanently attached to, or an integral part of, a CONTROL

2.9.10
TERMINATION

part by which a conductor can be connected to a CONTROL in such a way that its replacement requires
either a SPECIAL PURPOSE TOOL, a special process or a specially prepared end of the conductor
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Note 1 to entry: Soldering requires a SPECIAL PURPOSE TOOL. Welding requires a special process. A cable lug attached to a
conductor is a specially prepared end.

2911
SOLDER TERMINATION
TERMINATION in which the conductor is secured by a mechanical means, and the circuit continuity is

assured by solder

2.9.12
SADDLE TERMINAL

terminal in which the conductor is clamped under a saddle by means of two or more screws or nuts (see
Figure 13a)

29.13
LUG TERMINAL .
SCREW TERMINAL or STUD TERMINAL, intended to clamp a cable lug or bar by means of.a screw pr nut (see

Figure 13b

29.14
MANTLE TERMINAL

terminal in yhich the conductor is clamped against the base of a slot in a thréaded stud by means of a nut

Note 1 to entry: The conductor is clamped against the base of the slot by a suitably shaped washer under the nut, by a|central peg if
the nut is a cap nut or equally effective means for transmitting the pressure fropithe nut to the conductor within the sI¢t (see Figure
12).

2.9.15
EQUIPOTENTIAL BONDING TERMINAL

terminal provided on equipment or on a device “and intended for the electric connection with the
EQUIPOTENTIAL BONDING SYSTEM

[SOURCE:|IEC 60050-195:1998, 195-02-32]

2.9.16
PROTECTIVH BONDING TERMINAL

terminal intended for PROTECTIVE EQUIPOTENTIAL BONDING purposes

Note 1 to entry: Examples are a protective screen- or PE-terminal of a CONTROL or equipment.

2917
PROTECTIVH CONDUCTOR
PE

conductor grovided for purposes of safety, for example, protection against electric shock

[SOURCE: IEC 60050-195:1998, 195-02-09 ]
210 Definitions relating to the connections to controls

2.10.1
EXTERNAL CONDUCTOR

any cable, flexible cord, core or conductor, a part of which is external to an IN-LINE CORD CONTROL, an
INDEPENDENTLY MOUNTED CONTROL or to an equipment in or on which a CONTROL is mounted

Note 1 to entry: Such a conductor may be a supply lead, a function cord or interconnecting cord between different parts of an
equipment; or it may form part of the FIXED WIRING.

2.10.2
FIXED WIRING
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any EXTERNAL CONDUCTOR which is permanently secured to the fabric of the building such that, in NORMAL
USE at the point at which the conductor enters the equipment or CONTROL, there is no likelihood of any

strain being applied to the conductor

Note 1 to entry: Such securing to the fabric of the building may be, for example, by the enclosing of conductors in conduit, burying
cables in walls, adequately fixing cables or cords to walls or other surfaces, etc.

2.10.3
INTERNAL CONDUCTOR

any cable, flexible cord, core or conductor which is neither an EXTERNAL CONDUCTOR, nor an INTEGRATED
CONDUCTOR

Note 1 to entrly: An example is a conductor inside the equipment to interconnect the CONTROL and the equipment.

2104
INTEGRATEI) CONDUCTOR

conductor which is inside a CONTROL, or is used to permanently interconnect terminals or TERMINATIONS of
a CONTROL

2.10.5
DETACHABLE CORD

flexible external cord connected to a CONTROL or equipment by means of an equipment inlet, pr plug and
socket arrgngement

2.10.6
NON-DETACHABLE CORD

flexible EXJERNAL CONDUCTOR connected to, or assembled to, a CONTROL according to one of the methods
in 2.10.6.1|to 2.10.6.4

2.10.6.1
TYPE X ATTACHMENT

method of|attachment such that the cord<can be easily replaced without SPECIAL-PURPOSE TOOLS, using
standard cprds without any special preparation

2.10.6.2
TYPE M ATTACHMENT

method of |attachment such(that the cord can be easily replaced without SPECIAL PURPOSE TQOLS, but is
intended tp use only a, special cord, such as one with a moulded-on cord guard, or one \ith special
prepared gnds

Note 1 to enfry: This\attachment method does not apply if it is possible to fit a standard cord during SERVICING tinless such is
permitted by 4 particular equipment standard.

2.10.6.3
TYPE Y ATTACHMENT

method of attachment of the supply cord such that any replacement is intended to be made by the
manufacturer, its service agent or a similar qualified person

2.10.6.4
TYPE Z ATTACHMENT

method of attachment such that the flexible cable or cord cannot be replaced without breaking or
destroying a part of the CONTROL

2.10.7
FLYING LEAD
PIGTAIL
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wire or wires intended for the connection of the CONTROL, with one end permanently connected to the
CONTROL by the CONTROL MANUFACTURER

2.10.8

PRIMARY BATTERY

CELL

any kind of electrochemical CELL in which the electrochemical reaction of interest is not reversible

Note 1 to entry: An example is an alkaline battery.

2.10.9

SECONDARY BATTERY

RECHARGEA
any kind of

Note 1 to entry

Note 2 to entry
2.1

2111
MANUFACTU

maximum
between ar
submitted g

Note 1 to entry

211.2
DRIFT

maximum g
can occur w

Note 1 to ent
permitted by

212 Defi

2121
CLEARANCE

shortest dig

BLE CELL
electrochemical CELL in which the electrochemical reaction of interest is reversjble

: A rechargeable battery is a group of two or more secondary CELLS.

: Examples of rechargeable batteries are nickel metal hydride (NiMH), lithium ion (Li-i6n).etc.

Definitions relating to the performance of type 2 actions

RING DEVIATION
Jifference of OPERATING VALUE, OPERATING TIME OR OPERATING SEQUENCE which
y two CONTROLS, supplied by the manufacturer to“a UNIQUE TYPE REFERENCE, whe
nd in the same manner

Iteration of OPERATING VALUE, OPERATING TIME or OPERATING SEQUENCE of any one sa
hen it is tested under the conditions specified in this standard

ry: The alteration may be related to an absolute value, or combined with the MANUFACTURING O}
e appropriate subclause of\Clause 15.

nitions relating-to the requirements for creepage distances and clearances

tanee through air between two conductive parts, or between a conductive part and

in contact w

: The difference may be related to an absolute value if permitted by the appropriate subclause of Clause 15

is claimed
n tested as

mple which

EVIATION, if

a metal foil

ith-a surface of insulating material

Note 1 to entry: The method of measurement is detailed in Annex B and Figure 17.

212.2

CREEPAGE DISTANCE
shortest distance along the surface of the insulating material between two conductive parts, or between a

conductive

part and a metal foil in contact with any ACCESSIBLE SURFACE of insulating material

Note 1 to entry: The method of measurement is detailed in Annex B and Figure 17.

2.12.3 Void

2.12.4 Void
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2.12.5 Void
2.12.6 Void
2.12.7 Void

2128
POLLUTION

any addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of electric strength or
surface resistivity of the insulation

2.12.9 Enpvironment

21291
MACRO-ENVIRONMENT
ENVIRONMENT of the room or other location in which the equipment is installed or used

212.9.2
MICRO-ENVIRONMENT

immediate|ENVIRONMENT of the insulation which particularly influences.the“dimensioning of th¢ CREEPAGE
DISTANCES

21293
POLLUTION PEGREE

numeral characterizing the expected POLLUTION of the MICRO-ENVIRONMENT

Note 1 to enty: POLLUTION DEGREES 1, 2, 3, and 4 are used. See‘Annex N.
213 Misgellaneous definitions

2.13.1
UNIQUE TYHE REFERENCE

marking suych that by quoting it in fulNtothe manufacturer of the CONTROL, a replacement can pe supplied
which will| be fully interchangeableé with the original, electrically, mechanically, dimens|onally and
functionally

213.2
TOOL

screwdrivef, a coin.oriany other object which may be used to operate a nut, a screw or similar part

2133
SPECIAL-I?URPOSE TOOL
TooL which 13 uniikely 10 De readily avallable In a normal housenold, 10r example, a Key 10r hexagonal

socket-headed screw

Note 1 to entry: TOOLS such as coins, screwdrivers and spanners intended to operate square, or hexagonal nuts, are not SPECIAL-
PURPOSE TOOLS.

2134
NORMAL USE

use of the CONTROL, or its associated equipment, for the purpose for which it was made, and in the manner
intended by the manufacturer

Note 1 to entry: NORMAL USE includes any overload, or abnormal operating conditions specified in the equipment standard.

Note 2 to entry: NORMAL USE does not include any process which is necessary to maintain the CONTROL or equipment in good
order, even though this may be carried out by the USER according to the manufacturer's instructions.
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Note 3 to entry: NORMAL USE may include standby mode, and one or more operating modes.

2.13.5
USER MAINTENANCE

any periodic process necessary to maintain the CONTROL, or equipment, in good order, for which details
are given in the manufacturer's instructions to the USER

2.13.6
SERVICING

any process necessary to maintain a CONTROL, or equipment, in good order, that would be done by a
competent person, such as in a workshop, by an electrician or by a service organization

Note 1 to entry: This includes replacing a flexible cord, thermal link or the like.

2.13.7
MANUFACTURER SERVICING _ _ .
SERVICING Which can only be done by the manufacturer, or his accredited serviceman

Note 1 to entry: This may be due to the need for SPECIAL PURPOSE TOOLS, or special instrumentation, and includes the SETTING
BY THE CONTROL MANUFACTURER.

2.13.8
FAILURE

termination|of the ability of an item to perform a required functiof
[SOURCE:|[IEC 60050-191:1990, 191-04-01]

2.13.9
FAULT

state of an|item characterised by its inability to~perform a required function, excluding the inability during
preventive maintenance or other planned actions, or due to lack of external resources
Note 1 to entry: "FAILURE" is an event, as distinguished from "FAULT", which is a state.

Note 2 to entry: After FAILURE, the item,has,a FAULT.

Note 3 to entry: This concept as defined does not apply to items consisting of software only.

Note 4 to entry: A FAULT is-eften the result of a FAILURE of the item itself, but may exist without prior FAILURE.

[SOURCE:|IEC 60050-191:1990, 191-05-01]

2.13.10
SMART GRID
INTELLIGENT GRID

electric power SYSTEM that utilizes information exchange and CONTROL technologies, distributed computing
and associated sensors and actuators, for purposes such as:

— to integrate the behaviour and actions of the network USERS and other stakeholders,
— to efficiently deliver sustainable, economic and secure electricity supplies
[SOURCE: IEC 60050-617:2011-10, 617-04-13]

2.13.11
SMART ENABLED CONTROL
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CONTROL that is intended to interact with the SMART GRID and allows certain functions related to power
billing rate or power demand response to be remotely controlled or enabled generally by communication
with the power utility or by USER remote interface

Note 1 to entry: For example, remote interface includes computer or smart phone.

2.13.11DV D2 Addition of Note 1 to entry:

A SMART ENABLED CONTROL is not limited solely to SMART GRID applications but also applies to applications

wh

ere remote connectivity is present.

2.13.12

INTENTIONALLY WEAK TRACE

printed cir
occurrence

Note 1 to entf]

cuit board trace intended to rupture under conditions of abnormal operation to
of a condition which could impair compliance with this document

y: See 11.1.4.

2.14 Definitions relating to manufacturer and user

2.14.1
CONTROL M

manufactu

2142
EQUIPMENT]

manufactu

Note 1 to en|
MANUFACT\
equipment.

2143
INSTALLER

person qua

2144
USER

one who u

Note 1 to entf]

IANUFACTURER
rer of the CONTROL

MANUFACTURER
rer of equipment in which, on which, or tagéther with which the CONTROL is used

kry: In Canada and the USA, the EQUIPMENT MANUFACTURER is indicated as the OEM (original
RER). The OEM receives CONTROLS Jfrom CONTROL MANUFACTURERS for integration or inc

lified to install the-€ONTROL and possibly the associated equipment

bes the CONTROL with the aid of documentation (USER MAINTENANCE) during its norma

y: ThReAUSER is considered a layman.

brevent the

EQUIPMENT
rporation into

life

2.14.5

LOW COMPLEXITY SAFETY-RELATED SYSTEMS OR CONTROLS
safety related SYSTEM or CONTROL in which

— the FAILURE modes of each individual component are well defined;

— the behaviour of the SYSTEM or CONTROL under FAULT conditions can be completely determined

215 Defi

nitions pertaining to thermistors

See Annex J.
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2.16 Definitions relating to the structure of controls using software

See Annex

H.

2.17 Definitions relating to error avoidance in controls using software

See Annex

H.

2.18 Definitions relating to fault/error control techniques for controls using software

See Annex

2.19 Definitions relating to memory tests for controls using software
See Annex|H.

2.20 Definitions of software terminology — General

See Annex|H.

2.21 Void

2.22 Definitions relating to classes of control functions
See Annex|H.

2.23 Definitions relating to functional safety

See Annex|H.

2.24 Definitions related to access to data exchange
See Annex|H.

3 General requirement

CONTROLS §
to persons

hall be 'so designed and constructed that in NORMAL USE, they function so as not to ¢

or damage to surrounding property, even in the event of such carelessness as m
NORMAL USH.

ause injury
hy occur in

In general, compliance is checked by carrying out the relevant tests specified in this standard and the
appropriate part 2.

3DV DR Modification of Clause 3 by adding the following after "the appropriate part 2":

In addition, controls shall be constructed so as to be installable in accordance with the
National Electrical Code, NFPA 70.

4 Genera

| notes on tests

Tests according to this standard are type tests.
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NOTE 1 If the results of any of the prescribed tests can be determined beyond doubt by assessment, then the test or tests need not
be performed.

NOTE 2 See also Annex H. The requirements of Annex H are not applicable to non-electronic CONTROLS, unless specified in an
appropriate part 2 of this standard.

4.1 Conditions of test

4.1.1 Unless otherwise specified in this standard, the samples are tested as delivered, having been
mounted as declared by the manufacturer, but, when significant, in the most unfavourable position.

412 Ift 20+ 5) °C,
except thdt in cases of doubt, it shall be maintained at (23 + 2) °C, unless otherwisespgcified in a
particular dlause.

4.1.3 ACTUATING MEMBERS are placed in the most unfavourably LOCATED POSITION;"INTERMEDIATE POSITION
or position|of SETTING BY THE USER, unless other instructions are given in a partietlar clause.

4.1.4 Unless otherwise specified in this standard, the tests are carried out'in the order of the clauses of
this standdrd.

4.1.5 Dufing the tests of this standard, ACTUATION may be performed by test equipment if|so desired,
except for the high-speed tests of 17.12.

4.1.6 Dufing and for the purpose of the tests of ‘this standard, other than for the tests of 17.12, the
ACTUATING|MEANS can be used to actuate the CONTROL, if an ACTUATING MEMBER is not supplied by the

manufactuler.

4.1.7 The rates of temperature change déclared in 7.2 and used in Clause 17 (that is a4, B4 a, and 8,)
shall have fest tolerances of + 12 K/h.

For other gctivating quantities, the minimum and/or maximum rates of change declared in requirement 37
of Table 1land used in Clayse™17 (that is a4, B4, a, and B,) shall have test tolerances as spetified in the

appropriaté part 2.

4.1.8 In all tests,-.the-measuring instruments or the measuring means shall be such as rot to affect
appreciably the value being measured.

4.1.9t04.1.14/See Annex H.

4.2 Samples required

421 One sample is used for the tests in Clauses 5 to 11 and 18 to 27, including the relevant annexes. A
set of three samples is subjected to the remaining tests.

If one sample does not comply with the tests of Clauses 12 to 17 inclusive, the test which caused the non-
compliance, and those preceding which may have influenced the result of that test, are repeated on
another set of identical samples, all of which shall then comply with the repeated tests.

The manufacturer may submit, together with the first set of samples, the additional set or sets which may
be wanted should one sample not comply. The testing authority will then, without further request, test the
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additional samples, and will only reject if a further non-compliance occurs. If the additional sets of samples
are not submitted at the same time, a non-compliance of one sample may entail a rejection.

NOTE In Canada and the USA, only one sample is used for the tests of Clauses 12 to 17 inclusive and the sample tested must
comply.

4.2.2 Void
4.2.3 Additional samples may be required for some destructive tests of this standard.

4.2.4 CONTROLS which are intended to meet the requirements of more than one part 2 document shall, in
general, beltested to each part 2 separately.

NOTE By agrg
2, need only b

4.3 Instry

4.3.1 Acgc

4311 c(
which case
classified a
two cases,
regarded a

4.3.1.2 Fd
required by

4313 IN
equipment,

4.3.1.4 cd
4.3.1.5 cd
4.3.2 Acc

4321 cd
tested with

ement between manufacturer and testing authority, requirements and tests which are common~to-more
e checked once, unless the common tests can influence the results of any specific tests.

ctions for test
ording to submission

NTROLS, if submitted in or with an equipment, may either be tested in or with the eq
they are classified as for declared specific load or testéd separately, in which case th
s for declared specific load, resistive load or resistive.and inductive load. In either (
the current in the appropriate circuit when the equipment is operating under nori
b the rated current of the circuit.

r all CONTROLS submitted, in, on or with an equipment, all other relevant info
7.2 may be obtained by inspection andimeasurement of the submitted equipment.

[EGRATED CONTROLS are classified as for declared specific load and are tes
or part thereof, for which theylare intended.

NTROLS not submitted in“er with an equipment are tested separately.

ording torating

NTROLS for a.c. only are tested with a.c. at rated frequency if declared; those for d
d.cxand those for a.c./d.c. at the more unfavourable supply.

than one part

Lipment, in
ey may be
f the latter
mal load is

rmation as

fed in the

NTROLS for use with NON-DETACHABLE CORDS are tested with the appropriate cord copnected.

c. only are

4.3.2.2 CONTROLS for a.c. only, which are not declared for a rated frequency, are tested at either 50 Hz or
60 Hz, whichever is the more unfavourable. CONTROLS with a rated frequency within a declared range
other than 50 Hz to 60 Hz are tested at the most unfavourable frequency within the marked or declared
range.

4.3.2.3 When testing CONTROLS intended for d.c. only, the possible influence of polarity on the OPERATION
of the CONTROL is taken into consideration.

4.3.2.4 For cONTROLS with different a.c. and d.c. ratings, the tests for Clauses 12, 13, 14 and 17, are
made on two sets of samples, one being tested according to the a.c. rating, and the other according to the
d.c. rating.

NOTE At the option of the testing authority, a reduced number of tests can be made to cover the various ratings.
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4.3.2.5 Unless otherwise specified, CONTROLS declared for one or more voltage ranges shall be tested at
the most unfavourable voltage within the declared range, and this voltage being multiplied by the factor
indicated in the appropriate clause (see 4.3.2.7).

4.3.2.6 For CONTROLS marked or declared for more than one rated voltage or rated current, the tests of
Clause 17 are made on sets of samples for each combination of rated voltage and rated current.

NOTE At the option of the testing authority, a reduced number of tests can be made to cover the various ratings.

4.3.2.7 For CONTROLS declared for a voltage range, tests are made on one set of samples at each limit of
the range, unless the difference between the limits does not exceed 10 % of the mean value of the range,

in which cg
4328 cC

4329 A
circuit or n
operating

intended s

NOTE Float
condition. Flo

4.3.2.10
|4

4.3.2.11
4.3.3 Acq

4331 If
orclass | €
parts are c|

4.3.3.2 In
metal or a
for a CLASY

4.3.3.3 If
class 0, cla

se the tests are made on one set of samples at the upper limit of the range.
DNTROLS intended to be operated from a specific supply are tested with that specific

circuit for connection to the d.c. mains supply is classified as eitherya-SELV/PELV
ains voltage circuit depending on the maximum operating voltage of thie supply. Thi
oltage shall include consideration of the battery charging "float-voltage" associat
Lpply system, regardless of the marked voltage rating of the equipment.

oltage is the constant voltage that is applied continuously to a voltaic(CELL to maintain the CELL in §
pt voltage varies significantly with the chemistry and construction of the battery and ambient temperature.

CONTROLS powered by rechargeable batteries are additionally tested in accordance

Bee Annex J.
tording to protection against shock

in CLASS 0 CONTROL, CLASS ONGONTROL Or CLASS | CONTROL, Or in CONTROLS for class
quipment, it is necessary-te-have parts with DOUBLE INSULATION or REINFORCED INSUL
hecked for compliance .with the appropriate requirements specified for CLASS Il CONTH

any CLASS | CONTROL, and in any CONTROL used in a class | equipment, unearthed
becessible insulating surfaces shall be provided with insulation complying with the re
Il CONTROL (see 9.1.1).

in CLASS 0 CONTROL, CLASS 0/ CONTROL, CLASS | CONTROL or CLASS Il CONTROLS, or C
sS\0ly class | or class Il equipment, it is necessary to have parts using SELV-circuits

supply.
circuit, ELV

S maximum
ed with the

fully charged

with Annex

8 0, class 0l
ATION, such
POLS.

accessible
quirements

DNTROLS for
such parts

are also ch

ecked for. r*nm’nli,'-mr‘p with the ,'-:’n’nrn’nrinfp nnquirpmnnfe Q’npriﬁpd for ’nrnfnr‘finn hy

use of SELV

in 11.2.6.

If in CLASS I CONTROLS or CONTROLS for class | equipment it is necessary to have parts using PELV-circuits,
such parts are also checked for compliance with the appropriate requirements specified for protection by
use of PELV in 11.2.6.

NOTE By definition (2.7.5) CLASS Il CONTROLS cannot use PELV-circuits.

4.3.4 According to manufacturing variants

4.34.1

CONTROLS which are otherwise identical but which may be set by the manufacturer, or which may,

by the inclusion at the manufacturing stage of alternative components or parts produce various OPERATING
VALUES, OPERATING TIMES or OPERATING SEQUENCES, are for the purpose of this standard normally treated
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as a single submission. Normally, CONTROLS set to the most arduous condition will be sufficient. However,
the testing authority may require extra samples, set to other values, where it can be clearly shown that
these are necessary to allow approval of the whole range.

4.3.4.2 Inthese cases, due attention shall be paid to possible variations in MANUFACTURING DEVIATION and
DRIFT of any OPERATING VALUE, OPERATING TIME or OPERATING SEQUENCE, and, for SENSING CONTROLS, to the

minimum and maximum acceptable rates of rise and fall of the appropriate ACTIVATING QUANTITY which may

be applicable to different parts of the range.

4.3.5 According to purpose

4.3.5.1 Multi-purpose CONTROLS shall, according to 6.3, in general be tested for eac
separately.|During the tests for any one purpose, the activating quantities and PRIME MOVERS ,af
all other purposes, shall be maintained constant at the most arduous value or position within th
range or rafges.

4.3.5.2 Sdch CONTROLS without an appropriate section of Clause 17 shall betested in a man

between the manufacturer and the testing authority so that the essential;intended OPERATI
OPERATING JIMES and OPERATING SEQUENCES are tested.

4.3.5.3 Any CONTROL with a purpose not classified in 6.3, or in the appropriate part 2, may be
approved to this standard, except for Clause 17. A test schedule<for Clause 17 shall be baseq
possible, oh the intent of that clause and shall be agreed between the manufacturer and
authority.

4.3.5.4 Se¢e Annex J.
5 Rating
51

Maxirhum rated voltage

The maximpm rated voltage is 690 V-
5.2 Void
5.3 Compliance

Compliancg with 5(1"and 5.2 is checked by the information requirements in Clause 7.

h purpose
bplicable to
e declared

ner agreed
NG VALUES,

tested and
| wherever
the testing

6 Classif|cation

A CONTROL is classified:
6.1 According to nature of supply

6.1.1 CONTROL for a.c. only

NOTE 1 A CONTROL for a.c. only can be used on a d.c. circuit provided that the current does not exceed 10 % of the
fora.c., or 0,1 A, whichever is smaller.

NOTE 2 Additional tests can be required to establish the d.c. rating.

6.1.2 CONTROL for d.c. only.

rated current
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6.1.3 CONTROL for a.c. and d.c.

6.1.4 CONTRoOL for specific supplies or multiple supplies.

6.1.5 Battery powered CONTROL.

6.2 According to type of load to be controlled by each circuit of the control

A CONTROL having more than one circuit need not have the same classification for each circuit.

NOTE Such dircuits can be used for an inductive load, provided that the power factor is not less than 0,8, and the\indugtive load does
not exceed 69 % of the current rating for the resistive load. Such circuits can also be used for other reactive loads pr¢vided that the
reactive currgnt does not exceed 5 % of the rated resistive current, and that the load is not greater than 10 VA.

6.2.2 Cirguit suitable for either a resistive load or for an inductive load with d power factor npt less than
0,6 or a combination of both.

NOTE 1 An ekample is a circuit in a fan-heater which incorporates both a heating elementiand a motor.

NOTE 2 Circliits intended for inductive loads only can either be classified under.642.2 by declaring that the resistive Ipad is equal to
the inductive |oad, or may be classified as for a declared specific load.

6.2.3 Cirguit for declared specific load.

NOTE Examples are circuits for tungsten filament or fluorescentdamp loads, highly inductive loads with a power factpr of less than
0,6, capacitivg loads, and contacts intended to be operated offload.

6.2.3DV DE Modification of 6.2.3 by adding the following text to the end of the note:

"(cprry only), make only or break only,"

6.2.4 Cirguit for a current lessithan 20 mA.

NOTE Examgles are circuits for neon indicators and other signal lamps.

6.2.5 Cirguit for'a,c. motor load whose characteristics are defined by the CONTROL manufacturer's
declaratior].

6.2.5DV D2 Modification of 6.2.5 by adding the following text:
An INDEPENDENTLY mounted, in-line, or free standing CONTROL shall be rated in accordance
with Annex DVB.
6.2.6 Circuit for pilot load.
6.2.6DV D2 Modification of 6.2.6 by adding the following text:

An INDEPENDENTLY mounted, in-line, or free standing CONTROL shall be rated in accordance
with Annex DVB.
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6.3 According to their purpose

A CONTROL may be classified for more than one purpose, in which case it is referred to as a multi-purpose
CONTROL.

NOTE Any MANUAL ACTION of an AUTOMATIC CONTROL or a separate MANUAL ACTION being integral with an AUTOMATIC
CONTROL is not classified according to 6.3.

6.3.1 — THERMOSTAT;

6.3.2 — TEMPERATURE LIMITER,;

6.3.3 — THERMAL CUT-OUT;
6.3.4 Void
6.3.5 —ENERGY REGULATOR;

6.3.6 —TIVER;

6.3.7 —TIME SWITCH;

6.3.8 — MANUAL CONTROL;

6.3.9 — SHENSING CONTROL (other than one covered by 6.3.1 through 6.3.4);
6.3.10 — HLECTRICALLY OPERATED CONTROL;

6.3.11 — MOTOR PROTECTOR;

6.3.11.1 THERMAL MOTOR PROTECTOR;
6.3.12 — HLECTRICALLY OPERATED VALVE;
6.3.13 — HLECTRICALLY OPERATED MECHANISM;

6.3.14 — AROTECTIVE.CONTROL;

6.3.15 — QPERATING CONTROL.

NOTE Further classification can be found in the appropriate part 2.
6.4 According to features of automatic action
6.4.1 —TYPE 1ACTION;

6.4.2 —TYPE2ACTION.

6.4.3 TYPE 1 ACTIONS and TYPE 2 ACTIONS are further classified according to one or more of the following
constructional or operational features:

NOTE 1 These further classifications are only applicable if the relevant declarations have been made and any appropriate tests
completed.
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NOTE 2 An action providing more than one feature may be classified by a combination of the appropriate letters, for example, type

1.C.L. or type

2.AE.

NOTE 3 A MANUAL ACTION is not classified according to 6.4.3.

6.4.3.1

6.4.3.2

6.4.3.3

FULL DISCONNECTION on OPERATION (type 1.A or 2.A);
MICRO-DISCONNECTION on OPERATION (type 1.B or 2.B);

MICRO-INTERRUPTION on OPERATION (type 1.C or 2.C);

6.4.3.4

1.Dor 2.D]};

6.4.3.5
closed aga

NOTE An ex
excess currel

6.4.3.6

6.4.3.7
2.G);

6.4.3.8
may auton
if the reset

6.4.3.9
CONTROL iS

or "on" pos

6.4.3.10
SENSING EL

6.4.3.11
intended O

6.4.3.12

1 an action that-does not require any external auxiliary energy source of electrical s

a TRIP-FREE mechanism which cannot even momentarily be reclosed against the

a TRIP-FREE mechanism in which the contacts cannot be prevented from opening or|
inst a continuation of the FAULT (type 1.E or 2.E);

hmple is a current-SENSING CONTROL which has to be reclosed or can be reclosed momentarily to
t FAULT still exists.

an action which can only be reset by the use of a ToOL (type:1.F or 2.F);

an action which is not intended to be reset underyelectrically loaded conditions (

a TRIP-FREE mechanism in which the contacts cannot be prevented from opening
atically be reset to the "closed" position after normal OPERATION conditions have be
means is held in the "reset" position (type 1.H or 2.H);

a TRIP-FREE mechanism in which the contacts cannot be prevented from openi
not permitted to function as.an automatic reset device if the reset means is held in

ition (type 1.J or 2.J)

- for sensing actions, no increase in the OPERATING VALUE as the result of a brea

PERATION{type 1.L or 2.L);

- an_action which operates after a declared ageing period (type 1.M or 2.M).

EMENT, or in parts.econnecting the SENSING ELEMENT to the SwWITCH HEAD (type 1.K or 2. K)

FAULT (type

maintained

fletect that the

ype 1.G or

and which
en restored

hg and the
the "reset"

kage in the

upply for its

6.4.3.13

— See Annex H.

6.4.3.101DV D1 Modification to add 6.4.3.101DV to Clause 6.4.3 as follows:

An action which is prevented from functioning automatically by a positive mechanical
means (type 1.AY or type 2.AY)
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6.5 According to the degree of protection and control pollution degree

6.5

DV D2 Modification of 6.5 by adding the following text:

According to degrees of protection as indicated in the ENVIRONMENTAL protection enclosure
requirements of UL 50 and UL 50E. Additional optional degrees of protection are permitted
as shown in 6.5.1 and 6.5.2 or, for integrated or INCORPORATED CONTROLS, as otherwise

declared.
6.5.1 Accﬂrding to dngrpnc of Ir'\r'r'xfm'~’rir'sn lnrm/irim'i hy enclosures qgninef ingmec of solid nhjnh s and dust
(see IEC 6(529):
IPOX, IP1X]| IP2X, IP3X, IP4X, IP5X, IP6X.
6.5.2 According to degree of protection provided by enclosures against harmfulingress of water (see
IEC 60529)
IPXO0, IPX1]IPX2, IPX3, IPX4, IPX5, IPX6, IPX7, IPX8.
NOTE 1 A CONTROL intended for use in a particular ENVIRONMENT can be used for-a different ENVIRONMENT if tHe appropriate

provisions, if gny, are made in the equipment.

NOTE 2 Prefe|

[red combinations of degrees of protection are according to 6:5.1 and 6.5.2:

First charagteristic Second’characteristic numeral
numeral
Protection pgainst Protection against ingress of water
ingress of foreign
bodigs
0 1 2 3 4 5 6 7 8
0 IPOO
1
2 IP20 1P21
3
4 1P41 P43 IP44
5 IP54 IP55
6 IP65 IP67 IP68
6.5.3 Accerding-to-the-RoLEUHON-BEGREE-0F-ROLEUHON-DEGREESfor-which-the-coNTRois-declared. See
Annex N.

NOTE It is possible that when a CONTROL is mounted in accordance with the manufacturer’s declaration, different parts of the

CONTROL can be in MACRO-ENVIRONMENTS having different POLLUTION DEGREES.
6.6 According to method of connection

6.6.1

NOTE In Canada and the USA, FLYING LEADS are allowed.

6.6.2 CONTROL with at least one terminal intended for the connection of a flexible cord.

CONTROL with at least one terminal intended for the connection of FIXED WIRING.
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A CONTROL may be classified under both 6.6.1 and 6.6.2.

6.6.3 CONTROL without any terminals intended for the connection of an EXTERNAL CONDUCTOR.

This type of CONTROL is intended for the connection of only integrated or INTERNAL CONDUCTORS.

6.6.4 CONTROL intended for the connection of a PRIMARY BATTERY.

6.6.5 Control intended for the connection of a SECONDARY BATTERY (RECHARGEABLE CELL).

6.7 Accordingtoambienttemperaturelimits-of the-switeh-head

6.7.1 coON
0°C, and 4

6.7.2 coN
value (T,

NOTE Prefer|
-20°C,-30"°

Values differipg from these preferred values are possible.

6.8 Accdrding to protection against electric shock

6.8.1 For

NOTE An INT

6.8.2 For

6.8.2.1

6.8.2.2

6.8.2.3

6.8.2.4

TROL with a SWITCH HEAD for use in an ambient temperature between a minimum-val
maximum value (T,,,,) of 55 °C.

TROL with a swITCH HEAD intended to be used in an ambient temperature having
) other than 55 °C but no less than 30 °C, or a minimum value (T ;3) lower than 0 °C

ed values of T, are 30 °C, 55 °C, 70 °C, 85 °C, 105 °C, 125 °C, 150 °C, Preferred values of T, are
C, and —40 °C.

an INTEGRATED CONTROL:

EGRATED CONTROL is not classified but takes the classification of the equipment with which it is integr
an INCORPORATED CONTROL for use in:

class 0 equipment;

class Ol equipment;

class | equipment;

class N'equipment;

ue (Tin) of

B maximum
or both.

0°C,-10 °C,

ted.

6.8.2.5

class Ill equipment.

NOTE 1 For coordination of electrical equipment class 0, class |, class Il and class Ill, see IEC 61140, and for protective provisions
within an electrical installation, see IEC 60364.

NOTE 2 A CONTROL intended for incorporation in a particular class of equipment may be used for a different class if appropriate
provisions are made in the equipment.

6.8.3 For an IN-LINE CORD CONTROL, a freestanding CONTROL, or an INDEPENDENTLY MOUNTED CONTROL:

6.8.3.1 -

6.8.3.2 -

of class O;

of class Ol;
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6.8.3.3 —ofclass;
6.8.3.4 -—ofclassll;

6.8.3.5 -—ofclasslll.

NOTE 1 For coordination of electrical equipment class 0, class |, class Il and class lll, see IEC 61140, and for protective provisions
within an electrical installation, see IEC 60364.

NOTE 2 A CONTROL intended for incorporation in a particular class of equipment may be used for a different class if appropriate
provisions are made in the equipment.

6.8.4 CONIFROLS using SELV or PELV for protection against electric shock

6.8.4.1 CAONTROLS using SELV-circuit(s), and if applicable, the information declared in Table 1, requirement
86

6.8.4.2 CQNTROLS using PELV-circuit(s), and if applicable, the information declared i Table 1,
requirement 86

6.9 According to circuit disconnection or interruption:
6.9.1 — FULL-DISCONNECTION;

6.9.2 — MIFRO-DISCONNECTION;

6.9.3 — MIERO-INTERRUPTION.

6.9.4 — ALL-POLE DISCONNECTION;

6.9.5 —Sege Annex H.

NOTE 1 Somg equipment standards require FULL DISCONNECTION, others permit either FULL DISCONNECTION or MICRO-
DISCONNECTION; some only require:MIERO-INTERRUPTION.

NOTE 2 Differgnt actions of a CONTROL can provide different circuit disconnections or interruptions.
6.10 According to-number of cycles of actuation (M) of each manual action

Preferred vplues.are:

6.10.1 — 100 000 cycles;
6.10.2 —30000 cycles;
6.10.3 — 10000 cycles;
6.10.4 -6 000 cycles;
6.10.5 —3000 cycles ",

6.10.6 — 300 cycles ";
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6.10.7 —30cycles ".

1) Applicable only to actions of CONTROLS for specific equipment and applications such as voltage-tap CONTROLS, summer/winter
CONTROLS for water heaters and where permitted by the appropriate equipment standard.

NOTE For CONTROLS with more than one MANUAL ACTION, a different value can be declared for each. If a CONTROL has more
than one intended "OFF" POSITION, then a cycle of ACTUATION is regarded as a movement from one "OFF" POSITION to the next
"OFF" POSITION.

6.11 According to number of automatic cycles (A) of each automatic action

Preferred Jalues are:
6.11.1  —300 000 cycles;
6.11.2 —200 000 cycles;
6.11.3 —100 000 cycles;
6.11.4 —30 000 cycles;
6.11.5 —20000 cycles;
6.11.6 — 10000 cycles;
6.11.7 —6 000 cycles;
6.11.8 —3 000 cycles ";

6.11.9 -1 000 cycles ";

6.11.10 300 cycles ?;
6.11.11 30 cycles 2,
6.11.12 -1 cycle 3,

") Not applicaple to THERMOSTATS or to other fast cycling actions.

2) Applicable pnly to manual reset.

3) Applicable only to actions which require the replacement of a part after each OPERATION.
4) Can only be reset during MANUFACTURER SERVICING.

NOTE For CONTROLS having more than one AUTOMATIC ACTION, a different value can be declared for each.
6.12 According to temperature limits of the mounting surface of the control

6.12.1 CONTROL suitable for mounting on a surface which is not more than 20 K above the ambient
temperature classified in 6.7.

6.12.2 CONTROL suitable for mounting on a surface which is more than 20 K above the ambient
temperature classified in 6.7.
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NOTE An example of such a CONTROL is one mounted on a compressor unit in a refrigerator, where the mounting surface can be

150 °C, althou

gh the SENSING ELEMENT is at a temperature of —10 °C, and the ambient temperature is only 30 °C.

6.13 According to value of proof tracking index (PTI) for the insulation material used

6.13.1

6.13.2

6.13.3

— material of material group lllb with a PTI of 100 and up to but excluding 175;
— material of material group llla with a PTI of 175 and up to but excluding 400;

— material of material group Il with a PTI of 400 and up to but excluding 600;

6.13.4 -n
6.1

6.1

haterial of material group | with a PTI of 600 and over.
BDV D2 Replace 6.13 with the following:

BDV.1 According to value of comparative tracking index (CTI) for the‘insulation

used

6.1

6.1
of |

6.1

6.1

BDV.1.1 — material of material group llib with a CTI of 100 through 174 (CTl inde

BDV.1.2 — material of material group llla with a CTIl of 175 through 249 (CTl inde
250 through 399 (CTI index 2);

BDV.1.3 — material of material group Il with a.CTl of 400 through 599 (CTI index

BDV.1.4 — material of material group | with a CTI of 600 or greater (CTI index 0).

6.14 According to period of electrical stress across insulating parts supporting live part

between li

6.14.1 -9

6.14.2 -|

NOTE Long p
the supply sid
OPERATION

ye parts and earthed metal
hort period;

bng period.

briods of electrical stress are considered to exist if the CONTROL is used in equipment for continuous us{
b of a CONTROL in any other equipment unlikely to be disconnected from the supply by the removal of a
f a CONTROL providing FULL DISCONNECTION.

6.15 Acc?rding to construction:

material

x 4);

x 3) or CTI

1);

s and

; and also for
plug or by the

6.15.1
6.15.2
6.15.3
6.154 -F

6.15.5

6.15.5.1

— INTEGRATED CONTROL,;

— INCORPORATED CONTROL,;

— IN-LINE CORD CONTROL,

REE-STANDING CONTROL,

— INDEPENDENTLY MOUNTED CONTROL for:

— surface mounting;
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6.15.5.2 — flush mounting;
6.15.5.3 — panel mounting.
6.15.6 See Annex J.

6.16 According to ageing requirements (Y) of the equipment in which, or with which, the control
is intended to be used

6.16.1 —60000 h;

6.16.2 —30000 h;
6.16.3 —[10000 h;
6.16.4 -3 000 h;
6.16.5 —B00 h;

6.16.6 —[5h.

NOTE CONTROLS which operate during the heating or endurance tests of the equipment standard are not classified according to
6.16.6.

6.17 According to use of the thermistor

See AnneA J.

6.18 Acdording to classes of control functions

See AnneX H.

7 Informption

7.1 Gendral requirements

The CONTROL MANWFACTURER shall provide adequate information to confirm:

— that a suitable/CONTROL can be selected;

— that the CONTROL can be mounted and used in a manner that will enable it to meet the requirements of
this standard; and

— that the relevant tests can be performed to determine compliance with this standard.
7.2 Methods of providing information

7.2.1 Information shall be provided using one or more of the following methods. The information required
for CONTROLS and the appropriate method for providing this information shall be as indicated in Table 1.

NOTE 1 It is not intended that Table 1 itself necessarily be the actual form used to communicate between manufacturer and test
house.
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— By marking (C) — this information shall be provided by marking on the CONTROL itself, except that, in the
case of an INTEGRATED CONTROL, such marking can be on an adjacent part of the equipment, provided that
it is clear that it refers to the CONTROL.

NOTE 2 Information provided by marking (C) can also be included in documentation (D, E).

— By documentation on hard copy (D) — this information shall be provided for the USER or INSTALLER of the
CONTROL, and shall consist of legible instructions. Each CONTROL shall be accompanied by such

instructions. Instruction sheets and other texts required by this standard shall be written in the official

language(s) of the country in which the CONTROL is to be sold.

For CONTR
may be re
accompani

— By docu
alternative

— By declarn
a manner

marking on
an equipme
provided to

7.2.2 Info
also be pro

7.2.3 For
replaced by

724 For
INTEGRATED

7.25 The
provided by

7251 TH
provided by

7.2.6 Exc

[S intended 1o be exciusively delivered to the EQUIPMENT MANUFACTURER, the instra
placed by a leaflet, letter or drawing, etc. It is not necessary for each CONT
bd by such a document.

mentation on electronic media on internal or external memory (E) < this inform
o (D).

ation (X) — this information shall be provided for the testing authority for purposes of]
bgreed between testing authority and manufacturer. It may, for example, be pro
the CONTROL, by a leaflet, letter or drawing or, in the case of\a CONTROL submitted in
nt, by measurement or inspection of the submitted eqdipment. This information sho
the EQUIPMENT MANUFACTURER, as appropriate.

mation which is indicated as being required by.marking (C) or by documentation
ided for the testing authority in an agreed manner if so requested by the testing auth

CONTROLS submitted in, on or with an;equipment, the requirement for documentatic
declaration (X).

CONTROL may be included.in-the marking of the more complex CONTROL.

requirement for documentation (D, E) is considered to be met if such informatior
marking (C).

e requirement for declaration (X) is considered to be met if such information
either doeUmentation (D, E) or by marking (C).

bptias” indicated in 7.4, for INTEGRATED CONTROLS all information is provided by

declaration

ction sheet
ROL to be

ation is as

testand in
vided by a

on or with
uld also be

D, E) shall
ority.

n (D, E)is

an INTEGRATED CONTROL forming part of a more complex CONTROL, the marking relating to the

has been

has been

means of

(X). Unless otherwise indicated in a part 2. for INCORPORATED CONTROLS. the on

ly marking

required is the manufacturer's name or trade mark and the UNIQUE TYPE REFERENCE, if other required
marking is provided by documentation (D, E). For INCORPORATED CONTROLS declared under requirement
50, see the explanation of documentation (D, E) contained in 7.2.1.

7.2.7 For CONTROLS that are neither integrated nor incorporated, where lack of space prevents legible

marking as specified, the CONTROL shall be marked with the manufacturer's name (or trade mark) and the
UNIQUE TYPE REFERENCE only. The other marking required shall be included in documentation (D, E).

7.2.8 Additional
misunderstanding.

marking or information is allowed, provided that it does not give rise to

7.2.9 When symbols are used, they shall be as follows:
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AIMPEIES. ...ttt A

Y] U \%

WS w

VORS-AMPEIES. ....eeiiiiiiiiiiiee e e VA

Alternating current (single-phase)..........ccccoeceeeiiiiciiieeeneenn. ~1EC 60417-5032 (2002-10)

Alternating current (three-phase).........cccccceeviieiiiici e, 3~

Alternating current (three-phase with neutral)......................... 3N~

Direct current...........ccooiiiiiii T = |EC 60417-5031 (2002-10)

Class 11 CONSIIUCHON. ........c.cveveeeieeeeeeeeeeeeee e @ IEC 60417-5172 (2003-02)

CLASS [ CONTROL.....ccueriiiiinieiieiesieeee e @ IEC 60417-5180 (2003-02)

Ambient temperature limits of SWITCH HEAD.............. T (The letter T preceded by a minus-sign Jand the
numerical value of the lowertemperatute if T, less
than 0 °C, or followed by-the numerical yalue of the

Rated currer

Frequency...

Earthing terr

Functional e

For identifi
used.

NOTE 1 Info
preceding or
rated current
symbol for thg

Current, volta

NOTE 2 The

— 20T 30 (me|

........................................................................... Hz
@ IEC60417-5019 (2006-08)

AX 1EC 60417-5018 (2011-07)

cation of the degree of protection provided®y enclosures, the symbols shown in {

mation about rated current and rated voltage.can be provided by using figures alone, the figure for the
Above that for the rated voltage and separated from it by a line. For circuits for resistive load and indug
for inductive load is placed between patentheses and immediately following the rated current for resig
nature of the supply is placed after-the current and voltage.

ge and nature of supply can be‘indicated as follows:

16(3)
V6(3)4 250 ¥ ~ or 16(3)/250~ or — =~

ollowing,are’ examples of ways to provide information about the temperature limits of a CONTROL:

hning minus 20 °C up to plus 30 °C);

higher temperature if ;. other than 5§ °C.)

t of the appropriate fuse in amperes....................... .E_ 1B 50417-5016 (2002410)

b.5 shall be

rated current
tive loads, the
tive load. The

— T85 (meaning 0 °C up to plus 85 °C).

NOTE 3 Information concerning declared specific loads can be given by reference to drawings or to types, for example:

"Electric motor, drawing No. ..., part list No. ..., made by..." or "5 x 80 W fluorescent".

7.2.9DV.1 D2 Modification of 7.2.9 by adding the following:

Alternating current (single phase)............ r\./ "or a.c."
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7.2.9DV.2 D2 Modification of 7.2.9 by adding the following:
Direct current..........cccoecccerrreccccerrreeeeeenas P "ord.c.”
7.2.9DV.3 D2 Modification of 7.2.9 by adding the following:
Symbols for alternating current (single phase), alternating current (three phase),
alternating current (three phase with neutral) and ambient temperature limits of swiTcH
HEAD are not used in the USA.
7.219DV.4 D2 Modification of 7.2.9 by adding the following:
Lexer type abbreviations (FLA for full load amperes, HP for horsepower) which clearly
convey the assigned rating may be used.
7.219DV.5 D2 Modification of 7.2.9 by adding the following;
For independently-mounted, free standing and in-line{controls, information regarding the
connection of specific loads shall be on a wiring diagram or label attached to the control.
Table 1
7.2 of edition 3) — Required information and methods of providing information
Information Clause or subclause Method
1 Mafpufacturer’s name or trade mark 7.2.6 C
2 UN|QUE TYPE REFERENCE ? 2.11.1,2.13.1,7.2 Cc
3 Rated voltage or rated voltage range in volts (V) 1.2,4.3.2,14 C
4 Nature of supply unless the " CONTROL is for both a.c. and .3.2,6.1 C
d.c}, or unless the rating, is the same for a.c. and d.c.
5 Frepuency if other thanfor range 50 Hz to 60 Hz inclusive 4.3.2 C
Purpose of CONJROL 2.2,4.24,4.35,6.3,17.16 DorE
6a Conpstruction'of CONTROL and whether the CONTROL is 6.15, Annex H, H.2.5.7 X
elegtronic
7 Th4 type of load controlled by each circuit b 6.2,14,17,23.1.1 C
15 Degree of protection provided by enclosure © 6.5.1,6.5.2,11.5 C
17 Which of the terminals are suitable for the connection of 6.6,7.4.2,74.3 C
EXTERNAL CONDUCTORS, and if they are suitable for
line or neutral conductors, or both
18 Which of the terminals for EXTERNAL CONDUCTORS are 10.1 DorE
for a wider range of conductor sizes than those indicated in
Table 3.
19 For SCREWLESS TERMINALS, the method of connection 10 D
and disconnection ¢, if not readily identifiable
20 Details of any special conductors which are intended to be 10.2.1 D
connected to the terminals for INTERNAL CONDUCTORS

Table 1 Continued on Next Page
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Table 1 Continued

Information Clause or subclause Method
21 Maximum temperature of terminals for INTERNAL 14 X
CONDUCTORS and terminals for EXTERNAL
CONDUCTORS of INCORPORATED and INTEGRATED
CONTROLS, if higher than 85 °C
22 Temperature limits of the SWITCH HEAD, if T, lower 6.7,14.5,14.7, 17.3 C
than 0 °C or T, other than 55 °C
23 Maximum Temperature of mounting surface (T may) if it 6.12.2,14.1,17.3 C
differs by more than 20 K from T,
24 Claeoifinaﬁr\n of CONTROI qnnnrrling io. prr\fnnfinn 8.8 X
agLinst electric shock
25 Fof CLASS Il CONTROLS, the symbol for Class Il 7.3 C
copstruction
26 Number of cycles of ACTUATION (M) for each MANUAL 10, 17.10, 17.11 X
AQTION
27 Number of automatic cycles (A) for each AUTOMATIC 6.11,17.8, 17 X
ACQTION
28 Ageing period (Y) for CONTROLS with type 1M or 2M .16, 17. X
acfion
29 Type of disconnection or interruption provided by each 2.4.1,2.4.2,724.3,2.4. X
cirguit 6.9
30 PT|l of materials used for insulation 6.13,.Jable 23, Footnote b, X
Teble 24, Footnote d,
21.2.7
31 Mdthod of mounting CONTROL © 11.6 D
31a Mgthod of providing earthing of CONTROL 7.4.3,9,9.1.1,91.2 D
32 Mdthod of attachment for NON-DETACHABLE CORDS f 10.1, 11.7 DorlE
33 Intended transportation condition of CONTROL'® 16.1 X
34 Déitails of any limitation of OPERATING TIME)" 14,17 DonE
35 Period of electric stress across insulating parts 6.14 X
36 Limits of ACTIVATING QUANTITY for any SENSING 11.3.2 X
ELEMENT over which MICRO-DISCONNECTION is
segure (see also Clause H.7 \item 36)
37 MiEimum and/or maximum rates of change of actuating 4.1.7, 15,17 X
quantity, or minimum and/or maximum cycling rates for a
SHNSING CONTROL*
38 Values of overshoot of ACTIVATING QUANTITY for 17 X
SHNSING.CONTROLS which are necessary for correct
acfion, offwhich can be used for test purposes
39 TYIPE )ACTION or TYPE 2 ACTION 6.4 Do E
40 Additional features of TYPE 1 ACTION or TYPE 2 6.4.3,114 DorE
ACTIONS
41 MANUFACTURING DEVIATION and condition of test 2.11.1,11.4.3,15,17.14 X
appropriate to deviation
42 DRIFT 2.11.2,11.4.3,15,16.2.4 X
43 Reset characteristics for cut-out action | 6.4,11.4.11,11.4.12 DorE
44 If a CONTROL is either to be hand-held or is intended for a X
hand-held equipment
45 Any limitation to the number or distribution of flat push-on 10.2.4.4 DorE

RECEPTACLES which can be fitted

Table 1 Continued on Next Page
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Table 1 Continued
Information Clause or subclause Method
46 Any TYPE 2 ACTION shall be so designed that the 11.4.3 DorE
MANUFACTURING DEVIATION and DRIFT of its
OPERATING VALUE, OPERATING TIME or OPERATING
SEQUENCE is within the limit declared in requirements
41,42, and 46 of Table 1
47 Extent of any SENSING ELEMENT 2.81
48 OPERATING VALUE (or values) or OPERATING TIME 2.3.11,2.3.12,6.4.3.10, 11, D
14,15.6, 17
49 CONFROLROH-HHON-BDEGREE 6-5-3 B-or
50 CONTROL intended to be delivered exclusively to the 7.21,7.2.6 X
EQUIPMENT MANUFACTURER
51 Glow wire test temperatures 21.2.1,21.2.2,21.2.3, and X
21.24
52 to Seg Annex H
60
61 to Seg Annex J
65
66 to Seg Annex H
74
75 RATED IMPULSE VOLTAGE 2412, 201 Dorg
76 Type of printed circuit board protection Afnex P or Annex Q X
77 Temperature for the ball pressure test 21.2.1,21.2.2,21.2.3, and X
21.2.4
78 Maximum declared torque on single bush mounting using Table 20, Footnote a DorE
thefmoplastic material
79 POLLUTION DEGREE in the MICRO-ENVIRONMENT of Table H.24 X
the|CREEPAGE DISTANCE or CLEARANCE if cleaner
thap that of the CONTROL, and how this is desighed
80 RATED IMPULSE VOLTAGE for the CREEPAGE Table H.24 Dorg
DIYTANCE or CLEARANCE if different from that of the
CONTROL, and how this is ensured
81 Th4g values designed for tolerances of distances for which Table H.24 X
theexclusion from FAULT mode "short" is claimed
82 Seg¢ Annex J
85 ForfCLASS IIl CONTROLS, the symbol for Class IlI 7.4.6 C
construction
86 For[SELV or PELV circuits, the ELV limits realized 2.1.5,8.1.1,T.3.2 X
87 Vallie of d@ecessible voltage of SELV/PELYV circuit, if 2.1.4,6.8.4.1,6.8.4.2, X
diff¢rentfrem 8.1.1, and the product standard(s) referred 8.1.1.1
to for the application of the CONTROL, in which the
accessible SELV/PELYV level(s) is (are) given
88 See Annex U
89 Emission tests and groups as declared according to 23.2,H.23.1.2 X
CISPR 11
90 Immunity tests for PROTECTIVE CONTROLS for use in Table H.13 X
accordance with IEC 60335 appliances
91to See Annex H
94
95 Maximum short circuit current as declared 11.3.5.2.1b) X
96 Overcurrent protective device external to the CONTROL 11.14 DorE

Table 1 Continued on Next Page
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Table 1 Continued

Information Clause or subclause Method
97 For INCORPORATED CONTROLS or INTEGRATED 27.5.3 X
CONTROLS, whether the overload test shall be done at
control level
98 Maximum altitude at which the CONTROL can be used if 20.1 X
greater than 2 000 m

The UNIQUE TYPE REFERENCE shall be such that, when it is quoted in full, the manufacturer of the control can supply
a replacement which will be fully interchangeable with the original electrically, mechanically, dimensionally, and
functionally.

It
wi

e marking,

Fof CONTROLS with more than one circuit, the current applicable to each circuit and to each terminalNfithege are

different from each other, then it shall be made clear to which circuit or terminal the information applies. For gircuits for
redistive and inductive loads, the rated current, or the rated load in VA, at power factors as indicated in the appropriate
taljle of 17.2.

The marking (C) requirement does not apply to CONTROLS or parts thereof classified as|\|PO0, IP10, IP20, IP30 and
IP40.

In Lanada and the USA, marking (C) is required for the method of connection and diseonnection of SCREW|ESS
THRMINALS for field wiring.

If, jor INDEPENDENTLY MOUNTED CONTROLS, it is necessary to take speeial precautions when installing or using the
CONTROL, these details shall be given in an instruction sheet accompanying the CONTROL.

Special precautions may be necessary, for example, for flush mounting INDEPENDENTLY MOUNTED CONTROLS. In
order to ensure that, after building-in, the conditions necessary to meet the requirements of this standard arg achieved,
thg instruction sheet for such CONTROLS shall include clear infermation concerning:

— the dimensions of the space to be provided for the CONTROL;

— the dimensions and position of the means for supporting*and fixing the CONTROL within this space;

— g minimum clearance between the various parts efithe CONTROL and the surrounding parts of the fitment
— the minimum dimensions of ventilating openings and their correct arrangements;

— the connection of the CONTROL to the supply and the interconnection of separate components, if any.

If the supply conductors of a CONTRQL ean come into contact with parts of a terminal block or a compartmgnt for FIXED
WIRING, and these parts have, underconditions of NORMAL USE, a temperature exceeding that specified {n Table 13,
thg instruction sheet shall also state’that the CONTROL shall be connected by means of conductors having the
appropriate T rating (see Foatnote a of Table 13).

Fof CONTROLS with wifing between a sensor, sensing or actuating element and the rest of the CONTROL yhere part of
thig wiring is, or is intended to be, also part of the fixed installation the manufacturer shall give in the documentation the
relevant informationfor proper installation and the appropriate type of cable or cord required for that part of the fixed
ingtallation.

INJLINE CORD,'FREE-STANDING and INDEPENDENTLY MOUNTED CONTROLS, if fitted with NON-DETACHABLE
CQRDS using TYPE Y ATTACHMENTS or TYPE Z ATTACHMENTS, shall have documentation (D) containipg the

"(2)

or

—"The supply cord of this control can be replaced only by the manufacturer or his accredited service agent” (Y).
The method of packaging does not have to be declared.

For IN-LINE CORD, FREE-STANDING and INDEPENDENTLY MOUNTED CONTROLS, this information shall be
provided by method C.

a4 = minimum rising rate

4 = minimum falling rate

The rate of change (a4 and B4) of the ACTIVATING QUANTITY are those applicable to NORMAL USE.
a, = maximum rising rate (for TYPE 2 ACTIONS only)

Table 1 Continued on Next Page
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Table 1 Continued

Information I Clause or subclause Method
B, = maximum falling rate (for TYPE 2 ACTIONS only)

For test purposes, a4 and 4 shall be as declared but not lower than the limit(s) indicated in the appropriate Part 2
standards for TYPE 1 ACTIONS and/or TYPE 2 ACTIONS. The values a, and 3, are for test purposes only, and may
alternatively be declared as a maximum cycling rate. The rates of change for the purpose of this standard shall be
expressed in the units as shown in the following table*:

Activating quantity Unit for rate of change

Pressure Pals
Temperature K/h
Position mm/s
lllumination lux/s

Velocity mm/s?

Liquid level mm/s
Current Als
Humidity %ls

Air flow m3/s?

* When using other activating quantities, the units shall be expressed in Sl-units:

! Thg manufacturer may declare a time before which, or a specific.valle of ACTIVATING QUANTITY above which, manual
reset shall not occur.

Voigl.
Voidl.
M™to!  Sed Annex H.

Table 1DV D2 Modification of Table 1 with the following nine national differences:

DV|1 Insert row 4A, with the first column being “4A”, the second column being “Class 2
power source or circuit”, the third column being “DVC.2”, and the fourth column being “C”.

DV|2 Modify the third\column of row 17 by adding, “DVC.1.21”.
DV|3 Modify row 89 by replacing “CISPR 11” with “FCC Part 15 and/or 18”.

DV|4 Replace note (f) with the following, “This note does not apply in the USA. Attachment
or replacement of NON-DETACHABLE CORDS is not considered a USER function.”

DV.5 Replace note (b) with the following, “Motor load and PILOT DUTY load ratings are
established as indicated in Annex DVB and DVC respectively, and marked accordingly.”

DV.6 Add the following four paragraphs to note (c):

Control enclosures shall be marked Deither using the IP system of marking or in
accordance with the environmental enclosure requirements of UL 50E.

A control enclosure which has been evaluated against the ingress of water only by the Rain
Test shall be marked RAINTIGHT if so constructed that exposure to beating rain will not result
in the entrance of water; RAINPROOF if so constructed, protected, or treated as to prevent
beating rain from interfering with successful oPERATION of the control.


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1

73

Control enclosures are not required to be marked to indicate the degree of protection
against the entrance of solid objects.

DV.7 Add the following paragraph to note (d):

A switch having one or more push-in (SCREWLESS) TERMINALS shall be marked:

a) With instructions for connecting acceptably sized wire where readily visible

during installation,

b) With instructions for disconnecting a wire from the terminal where rea

dily visible

D\
of

DV

7.3 Clasg
7.3.1 Thd

7.3.2 Thq
the outer s

7321 T
largest dim
may be req

7322 cC
terminals f
constructig

during wiring and rewiring,

and stranded wire, and

d) With instruction to strip the insulation from conductors,a’specific len
readily visible during installation.

.8 Insert row 2A, with the first column being "2A", the second column being
manufacturing”, the third column being "DVC.2", and the fourth column being

.9 Modify row 96 by replacing 11.14 with 11.2.8 in'column 3

5 1l symbol
symbol for class Il construction shallbe used only for CONTROLS classified accordin

dimension of the symbol for class Il construction shall be such that the length of
Huare is about twice the lengthrof the sides of the inner square.

he length of the sides of the outer square of the symbol shall be not less than 5 mm
ension of the CONTROL is 15 mm in length or less, in which case the dimension of
uced but the length' of the sides of its outer square shall be not less than 3 mm.

br earthing continuity for functional purposes shall not be marked with the symbol
n, IE€-60417-5172 (2003-02), but shall be regarded as CLASS | CONTROLS.

7.4 Addi

c) To specify use with "solid wire only" unless the terminal is intended for both solid

igth, where

'Date code
llc.ll

) 10 6.8.3.4.

he sides of

unless the
the symbol

DNTROLS providing protection against electric shock as required for class Il but that include

for class Il

liomatrequirementsfor llldl'r\illg

7.4.1 Required marking on a CONTROL shall preferably be on the main body of the CONTROL but may be
placed on non-DETACHABLE PARTS.

Required markings shall be legible and durable.

Complianc

e is checked by inspection and by the tests of Annex A.
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7.4

.1DV D2 Addition: Add the following to 7.4

.1:

Tests to determine the legibility and durability of markings placed on labels are in the
Standard for Marking and Labeling Systems, UL 969. Markings, other than those placed on

lab

els, are tested in accordance with Annex A.

7.4.2 Terminals of CONTROLS intended for the connection of supply conductors shall be indicated by an
arrow pointing towards the terminal, unless the method of connection to the supply mains is of no

importance

or is self-evident.

Compliancy

7.4.3 Tem
IIN".

NOTE In the U

7.4.3.1
earthing fo
indicated

— for protecg
— for functiqg

7432 Al
visually ap
above.

Compliancd

NOTE 1In Ca
or natural grey

NOTE 2 In C4
slotted or hexd
by being mar
binding screw

NOTE 3 With

Earthing terminals for external earthing conductors or earthing” continuity, and te

P S checked by inspection.

hinals intended exclusively for a neutral EXTERNAL CONDUCTOR shall be indicated b

nited Kingdom, terminals intended exclusively for a live EXTERNAL CONDUCTORshall be indicated by

functional purposes (as opposed to purposes of protection”against electric shoc

tive earth, by the earth symbol for protective earth,JEC 60417-5019 (2006-08);
nal earth, by the earth symbol for functional earth, IEC 60417-5018 (2011-07).

other terminals shall be suitably identified, their purpose self-evident or the CONTR
barent. The arrow, the letter "N" or\the earth symbol shall not be used except a

b S checked by inspection.

hada and the USA, a terminal intended for connection of a grounded supply conductor shall be finished tg
colour and shall be distinguishable from the other parts.

hada and the USA,“a’wire-binding screw intended for the connection of an equipment earthing conducto
gonal green-coloured head. A pressure wire connector intended for connection of such a conductor sha
ed GROUNDB;*GROUNDING, EARTH or by a marking on a wiring diagram provided on the CONTR
or pressure wire connector shall be so located that it is unlikely to be removed during SERVICING of the

respect to 7.4.2 to 7.4.3.2 inclusive, in Canada and the USA, additional or alternative markings are rg

vy the letter

he letter “L”.

'minals for
k) shall be

OL circuitry
5 indicated

show a white

I shall have a
| be identified
DL. The wire-
CONTROL.

bquired in the

wiring rules.

NOTE 4 In the

United Kingdom, the letter “L” shall not be used except as indicated in 7.4.3, above.

7.4.4 CONTROLS intended to be set by the USER or by the EQUIPMENT MANUFACTURER during installation
shall be provided with an indication of the direction to increase or decrease the RESPONSE VALUE.

NOTE An indication of "+" or "-" is sulfficient.

CONTROLS intended to be set by the EQUIPMENT MANUFACTURER or the INSTALLER shall be accompanied by
documentation (D) indicating the proper method for securing the SETTING.
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7.4.5 Parts destroyed during the normal OPERATION of the CONTROL and which have to be replaced shall
be marked so as to enable them to be identified from a catalogue or the like, even after they have
operated, unless they are intended to be replaced only during MANUFACTURER SERVICING.

7.4.6 CONTROLS intended to be connected only to SELV SYSTEMS shall be marked with the graphic symbol
IEC 60417-5180 (2003-02). This requirement does not apply where the means of connection to the supply
is so shaped that it can only mate with a particularly designed SeLv or PELV arrangement.

CONTROLS providing protection against electric shock as required for CLASS 1l CONTROLS but that carry
terminals for earthing continuity for functional purposes shall not be marked with the symbol for class Il
construction, IEC 60417-5180 (2003-02).

7.4.6ADV D2 Addition: Add the following to 7.4.6:
See Annex DVC.
7.4.7 If an equipment is provided with a replaceable battery, and if replacement by an ingorrect type
could result in an explosion (for example, with some lithium batteries), thefollowing applies:

— if the batftery is intended to be replaced by the USER, there shall be a marking close to the pattery or a
statement [n both the instructions for use and the service instructions;

— if the batfery is not intended to be replaced by the USER, there shall be a marking close to the [battery or a
statement |n the service instructions.

This markipg or statement shall include the following or similar text:
CAUTION
RISK OF EXPLOSION IF‘BATTERY IS REPLACED BY AN INCORRECT TYPE
DISPOSE OF USED BATTERIES ACCORDING TO THE INSTRUCTIONS

7.4.8 The battery compartment of CONTROLS incorporating batteries that are intended to be feplaced by
the USER shall be markedwwith the battery voltage and the polarity of the terminals.

If colours gre used;-the positive terminal is to be identified in red and the negative terminal in black.

Colour is nbt'te be used as the only indication of polarity

7.4.9 The instructions for CONTROLS incorporating batteries that are intended to be replaced by the USER
shall include the following:

— the type reference of the battery;
— the orientation of the battery with regard to polarity;
— the method of replacing batteries;

— warning against using incorrect type batteries;
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— how to deal with leaking batteries.

The instructions for CONTROLS incorporating a battery that contains materials which are hazardous to the
environment shall give details on how to remove the battery and shall state that:

— the battery must be removed from the CONTROL before it is scrapped;

— the CONTROL must be disconnected from the supply mains when removing the battery;

— the battery is to be disposed of safely.

7.4.10 Se

e Annex V.

8 Protectjon against electric shock

8.1 Gene

8.1.1 CON
LIVE PARTS

DETACHABLEH

during the

ral requirements

[FROLS shall be so constructed that there is adequate protection against accidental ¢
in any unfavourable position which may occur in NORMAL\USE, and after any

nsertion and removal of lamps, protection against accidental contact with LIVE PA

lamp cap shall be ensured.

Unless oth

voltage doe

For ACCESY
limits of 2.1

simultaneo
H.8.1.10.1

8.1.1.1

— if the CON
the limit val

and

— if the ma

voltage for @
(Table 1, re

TH
at a differer

brwise specified, ACCESSIBLE PARTS connected«to SELV SYSTEMS or PELV SYSTEMS
s not exceed the SELV limits of 2.1.5 are not considered to be HAZARDOUS LIVE PARTS,

IBLE PARTS connected to a SELV SYSTEM\0r"'a PELV SYSTEM where the voltage excee
|.5 or the voltage limits declared indtem 87 of Table 1, the current measured b
Isly ACCESSIBLE PARTS and between accessible parts and earth shall not exceed t
inder fault-free (normal) and single-fault conditions.

e value of the voltage of SELV/PELYV circuits considered to be not hazardous may b
t value

[FRoOL is intendegd-only to be used in an application governed by another product stan
Lie of the voltage-for accessible bare conductors of SELV/PELYV is different

nufacturer declares the appl|cat|on product standard governmg the appl|cat|on a

PARTS, other than lamps located behind a detachable COVER have been removed.

ontact vyith
accessible
However,

RTS of the

where the

s the SELV
tween the
he limits in

e specified

lard where

nd level of

qwrement 87)

h standard

8.1.2 For CLASS Il CONTROLS and CONTROLS for class Il equipment, this requirement applies also with
regard to accidental contact with metal parts separated from HAZARDOUS LIVE PARTS by BASIC INSULATION

only.

8.1.3 The insulating properties of lacquer, enamel, paper, cotton, oxide film on metal parts, beads and
sealing compounds shall not be relied upon to give the required protection against accidental contact with

HAZARDOUS

LIVE PARTS.

NOTE Sealing compounds of the self-hardening types can be touched.
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8.1.3DV D2 Modification of 8.1.3 by adding the following text:

Sealing compounds shall comply with the requirements of the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

8.1.4 For those CLASS Il CONTROLS and CONTROLS for class Il equipment which are connected in NORMAL
USE to the gas supply mains or to the water supply mains, any metal parts conductively connected to the

gas pipes or in electrical contact with the water system shall be separated from HAZARDOUS LIVE PARTS by

DOUBLE INSULATION or REINFORCED INSULATION.

8.1.5 Th

permanently connected to FIXED WIRING shall be so designed that the required degree of protec|

electric sh

NOTE The p
by the installg

8.1.6 For
to those pa
the manufg

8.1.7 For
when the
sectional 4§
hinged co

8.1.8 For
NORMAL US

whichever
and hinged

8.1.9 Co

1se CLASS II CONTROLS and CONTRoOLS for class Il equipment which are inten

ck is not impaired by the installation of the CONTROL.

otection against electric shock of CLASS Il INDEPENDENTLY MOUNTED CONTROLS(can be affected
tion of metal conduits or of cables provided with a metal sheath.

INTEGRATED and INCORPORATED CONTROLS, the tests of 8.1.9 to 8.1.9.5 inclusive is {
rts of the CONTROL which are accessible when it is mounted_in‘any position in acco|
cturer's declarations and after removal of DETACHABLE PARIS.

IN-LINE CORD and FREE-STANDING CONTROLS, the tests of 8.1.9 to 8.1.9.5 inclusive
CONTROL is fitted with flexible cords either of the‘smallest, or of the largest non
rea used in 10.1.4, whichever is more unfavolrable. DETACHABLE PARTS are rel
ERS which can be opened without the use of-a TOOL are opened.

INDEPENDENTLY MOUNTED CONTROLS,-the test is made when the CONTROL is mo
F, fitted with cable of the smallest or.of the largest nominal cross-sectional area use

ded to be
tion against

, for example,

bnly applied
rdance with

, are made
hinal cross-
noved, and

Unted as in
din 10.1.4,

is more unfavourable, or with a rigid, pliable or flexible conduit. DETACHABLE PARTS affe removed,

COVERS which can be opened Without the use of a TOOL are opened.

mpliance with 8.1.1 to 8.1.8%inclusive is checked by inspection and by the following te

The stand

rd test finger showrr*in Fiqure 2 is applied without force in every possible position

preventing|the entry of the'finger are further tested by means of a straight unjointed test finger
dimension$ which is applied with a force of 20 N; if this finger enters, the test with the fingé
Figure 2 is|repeated;the finger being pushed through the aperture if necessary. If the unjointe
does not epter, thé force applied is increased to 30 N. If then the guard is so displaced or the
distorted that thetest finger shown in Figure 2 can be inserted without force, the test with the la
repeated. An electrical contact indicator is used to show contact.

sts:

. Apertures
bf the same
br shown in
) test finger
aperture so
tter finger is

NOTE A lamp can be used for the indication of contact, with the voltage not less than 40 V.

8.1.9.1
through an

8.1.9.2

angle of 90° with respect to the axis of the finger in the same direction only.

test pin shown in Fiqure 1 without force in every possible position.

8.1.9.3
LIVE PARTS.

The standard test finger shall be so designed that each of the jointed sections can be turned

In addition, openings in insulating material and in unearthed metal shall be tested by applying the

It shall not be possible, with either the standard test finger or the test pin, to touch HAZARDOUS
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8.1.9.4 For CONTROLS which have any parts of DOUBLE INSULATION construction, it shall not be possible to

touch metal parts with the standard test finger which are only separated from HAZARDOUS LIVE PARTS by
BASIC INSULATION.

8.1.9.5 If there is an instruction to remove a part during NORMAL USE or USER MAINTENANCE and if there is
no warning on the part which indicates: "Disconnect from supply before removing", that part is regarded as
a DETACHABLE PART even if a TOOL has to be used for its removal. If there is such a warning on the part, it is
permissible, after removal, to touch parts separated from HAZARDOUS LIVE PARTS by BASIC INSULATION.

8.1.9.5DV D2 Modification of 8.1.9.5 by adding the following text:

The requirements of 8.1.9 to 8.1.9.5 inclusive are replaced by the requirements| of Annex
DVA.

8.1.10 Seg AnnexH.

8.1.11 Bejween class Il circuits and circuits connected to the mains or earth, insulation extgrnal to the
SAFETY ISOLATING TRANSFORMER shall comply with all requirements for class |l insulation.

NOTE Where ja circuit is not specifically required to be class lll, class Il requirements(ase not applicable between the glass Ill circuit
and earth.

8.1.12 A UIVE PART shall be considered to be hazardous if it.exceeds the values specified in 8.1.1 and it is
not separajed from the source by PROTECTIVE IMPEDANGEr complying with H.8.1.10 and is hot a PEN
conductor gr a part of the EQUIPOTENTIAL BONDING SYSTEM,

8.1.13 CONTROLS having battery compartments;that can be opened without the aid of a TQoL, or that
according fo the instructions for use may be\replaced by the USER need only have BASIC [[NSULATION
between LIYE PARTS and the inner surface_ofjthe battery compartment. If the CONTROL can be energized
without the [batteries, DOUBLE INSULATION.@r REINFORCED INSULATION is required.

NOTE If a part has to be removed in order to discard the battery before scrapping the CONTROL, this part is not corfsidered to be
detachable evgn if the instructions state that.it is to be removed.

8.2 Actudting membersrand actuating means
8.2.1 An ACTUATINGIMEMBER shall not be live.

8.2.2 An ACTUATING MEANS shall not be live, unless either it is provided with an insulated|ACTUATING
MEMBER which"is"adequately fixed or the ACTUATING MEANS is not accessible when the ACTUATING MEMBER

is removed.

Compliance with 8.2.1 and 8.2.2 is checked by inspection and by the tests of 8.1.

NOTE An insulated ACTUATING MEMBER is considered to be adequately fixed if it can be removed only by breaking, cutting, or
after being seriously damaged.

8.2.3 For coNTRoOLS other than class Ill or CONTROLS for equipment other than those of class llI,
ACTUATING MEMBERS and handles held in NORMAL USE shall be either of insulating material, or adequately

covered by insulating material; or, if of metal, their ACCESSIBLE PARTS shall be separated from their
ACTUATING MEANS, or fixings by SUPPLEMENTARY INSULATION, if such would be likely to become live in the

event of an insulation FAULT.
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For cONTROLS for connection to FIXED WIRING, or for CONTROLS for stationary equipment, this requirement
does not apply provided that such parts are either:

—reliably ¢
— shielded

Complianc

onnected to an earthing terminal or earthing contact; or
from HAZARDOUS LIVE PARTS by earthed metal.

e is checked by inspection.

NOTE Parts separated from HAZARDOUS LIVE PARTS by DOUBLE INSULATION or REINFORCED INSULATION are not regarded

as likely to be

come live in the event of an insulation FAULT.

8.3 Cachitors

8.3.1 For
connected
connected

accordanc
SUPPLEMEN

to accessil

Compliand|
13 and 20.

8.3.2 coON
NORMAL US

Compliang
8.3.21 T

8.3.22 T
is disconng

8323 O

8.3.24 T
0,1uF.

8.1

class Il IN-LINE CORD CONTROLS and INDEPENDENTLY MOUNTED CONTROLS, capacitors
to accessible metal parts. For CONTROLS for class Il equipmentcapacitors s
to metal likely to be connected to accessible metal when thé\ CONTROL is

with the manufacturer's declarations. Metal casings of capaeitors shall be sq
TARY INSULATION from accessible metal parts, and from other metal parts likely to beg

le metal, when the CONTROL is mounted in accordance with the manufacturer's decla

a}

C

e is checked by inspection and by the requirements for SUPPLEMENTARY INSULATION

TROLS intended to be connected to the supply.by means of a plug shall be so desi
F, there is no RISK of electric shock from charged capacitors when touching the pins

e is checked by the test of 8.3.2.1 to 8:3.2.4 inclusive, which is made 10 times.

he CONTROL is supplied at rated.voltage or at the upper limit of the rated voltage rang

he ACTUATING MEMBER, ifany,’is then moved to the "OFF" position if one exists and t
cted from the supply by removing the plug from the socket-outlet.

he voltageShall not exceed 34 V peak. The test is only performed if the capacil

.2:4DV D2 Replacement: Replace 8.3.2.4 with the following:

ne second after disconnection, the voltage between the pins of the plug is measured.

shall not be
hall not be
mounted in

parated by
connected

rations.

in Clauses

jned that in
bf the plug.

o

e CONTROL

or exceeds

Th

8.4 Cove

e voltage between the pins of the plug shall not exceed 30 V.

rs and uninsulated live or hazardous parts

CONTROLS provided with a COVER or COVER PLATE of non-metallic material shall be so designed that the
COVER fixing screws are not accessible, unless they are either earthed or separated from HAZARDOUS LIVE
PARTS by DOUBLE INSULATION or REINFORCED INSULATION or not accessible after mounting in the equipment.

Complianc

e is checked by inspection.

NOTE 1 In Canada and the USA, HAZARDOUS LIVE PARTS are required to be so arranged, and the COVER so located, that

persons are n

ot likely to be exposed to shock HAZARD while removing and replacing the COVER.
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NOTE 2 In Canada and the USA, HAZARDOUS LIVE PARTS or hazardous moving parts are required to be so located, guarded or
enclosed so as to reduce the likelihood of contact of such parts by persons while changing lamps, electron tubes or fuses; lubricating
parts, or during other OPERATIONS carried out during USER MAINTENANCE or SERVICING.

8.5 See Annex V.
9 Provision for protective earthing
9.1 General requirements

9.1.1 Accessible metal parts, other than ACTUATING MEMBERS, of IN- LINE CORD, FREE-STANDING and

INDEPENDENTEY-MOUNTED-CONTROESofclass—Otand—ctass+Hwhichrmaybecometive—inthe—gvent of an
insulation FAULT, shall be permanently and reliably connected to an earthing terminal or TERMINATION within
the CONTRAL, or to the earthing contact of an equipment inlet.

NOTE 1 The ghrase "permanently and reliably connected to an earthing terminal" is synonymous with the.term "bonded]'".

NOTE 2 Partg separated from LIVE PARTS by DOUBLE INSULATION or REINFORCED INSULATION and parts sicreened from
LIVE PARTS py metal parts connected to an earthing terminal, earthing TERMINATION or earthing contact, are nof regarded as
likely to beconpe live in the event of an insulation FAULT.

NOTE 3 Requjrements for ACTUATING MEMBERS are specified in 8.2.3
9.111DV.1 D2 Addition:

A gplice shall not be employed in a wire used for bonding purposes.

9.1(1DV.2 D2 Addition of 9.1.1DV.2.1 —9.1.1DV.2.3:

9.111DV.2.1 Individually covered’or'insulated grounding conductors shall have a
continuous outer finish that is €ither green, or green with one or more yellow striies and
no jother conductors visible to the INSTALLER in a field wiring compartment shall b¢ so

identified.

9.1]11DV.2.2 Additional requirements related to Grounding and Bonding of eIectricEI
installations and systems are specified in Article 250 of the National Electrical Code (NEC),
NFPA 70.

9.111DV:2:3 A PELV circuit supplied from a transformer where the supply system is less
than 150’V to ground may be earthed for functlonal reasons and are used in appl cations
whe : . ; s i i re the
supply system exceeds 150 Vto ground the PELV cwcult shaII be grounded

9.1.2 Accessible metal parts, other than ACTUATING MEMBERS, of integrated and INCORPORATED CONTROLS
for class Ol and class | equipment which may become live in the event of an insulation FAULT shall have
provision for earthing.

NOTE 1 INTEGRATED CONTROLS and INCORPORATED CONTROLS may be connected to earth through their fixing means,
provided that provision is made for clean metallic surfaces. This also applies, for example, to CONTROLS with metallic SENSING
ELEMENTS which are connected reliably to the metal parts of the equipment if the manufacturer has declared this to be a method of
earthing.
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NOTE 2 Parts separated from LIVE PARTS by DOUBLE INSULATION or REINFORCED INSULATION, and parts screened from
LIVE PARTS by metal parts connected to an earthing terminal, earthing TERMINATION or earthing contact, are not regarded as
likely to become live in the event of an insulation FAULT.

NOTE 3 Requirements for ACTUATING MEMBERS are specified in 8.2.3.

9.1.2DV D2 Addition: Add the following to 9.1.2:

A grounding connection shall reliably penetrate a nonconductive coating, such as paint or
vitreous enamel. Compliance is checked by the test of 9.3.1.

9.1.3 Ean
to any neu

Compliand

9.2 Class$ Il and class lll controls

Class Il an
Compliand
9.3 Adeg

9.3.1 Ge

The conngction between an earthing terminaly earthing TERMINATION or earthing contact,

required to
Complianc

— A curren|
no-load vg
earthing cq

— The vollta
measured,
resistance

ral terminal.

e with 9.1.1 to 9.1.3 inclusive is checked by inspection.

i class Il controls shall have no provision for protective earthing.
e is checked by inspection.
uacy of earth connections

neral requirements

be connected thereto, shall be of |ow resistance.
e is checked by the following test:

{ of 1,5 times the rated current, but not less than 25 A, and derived from an a.c. sq
tage not exceeding:*12 V, is passed between the earthing terminal, earthing TER|
ntact, and each-of-the parts, in turn.

ge drop between the earthing terminal, earthing TERMINATION or earthing contact an
and the resistance calculated from the current and this voltage drop. In no cas
exceed 0,1 Q. The test is continued until steady conditions have been established.

thing terminals, earthing TERMINATIONS and earthing contacts shall not be electrically connected

and parts

urce with a

MINATION or

0 the part is
e shall the

NOTE 1 Care 15 taken that the contact resistance between the tip of the measuring probe and the metal part under

influence the test results.

test does not

NOTE 2 The resistance of any EXTERNAL CONDUCTOR or INTERNAL CONDUCTOR is not included in the resistance
measurement, but the resistance of any INTEGRATED CONDUCTOR is included.

9.3.2 Fixed wiring and methods X and M

Earthing terminals for the connection of FIXED WIRING or for NON-DETACHABLE CORDS using methods X and
M shall comply with the requirements of 10.1.

NOTE 1 In Canada and the USA, a quick connect terminal having the dimensions indicated in Table 2 may be employed as a non-
accessible earthing terminal provided it has additional means for preventing displacement in use and it is used on a circuit having a
protective device as specified in the table.
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NOTE 2 In Canada, China and the USA, an earthing conductor in FIXED WIRING or in a supply cord shall not be terminated by
means of a quick-connect terminal.

9.3.2DV D2 Modification of 9.3.2 by adding the following text after the notes:

Earthing terminals for the connection of NON-DETACHABLE CORDS using methods X and M
shall comply with the requirements of 10.2.

Nominal sizes Rating of\circuit| protective
devicg
mm A
Width Thickness Length
4,8 0,5 6,4 20 or legs
4.8 0,8 6,4 20 or legs
5,2 0,8 6,4 20 or legs
6,3 0,8 8,0 60 or legs

9.3.3 External conductors

Earthing connections for EXTERNAL CONDUCTORS shall not be made using SCREWLESS TERMINALB, however
for TYPE Y ATTACHMENT and TYPE Z ATTACHMENT, screwless-type clamping units complying with I[EC 60998-
2-2 or 60998-2-3 or screwless-type clamping units‘@ccording to IEC 60999-1 are allowed.

9.3.4 Size of accessible earthing terminais

Earthing tefminals which are accessible’in NORMAL USE shall allow the connection of conduciors having
nominal crgss-sectional areas of 2,5.inm? to 6 mm? inclusive and it shall not be possible to Igosen them
without the faid of a TOOL.

NOTE In Cangda and the USA, conductors of other nominal cross-sectional area are permitted.

9.314DV D2 Modification of 9.3.4 by adding the following text:

9.314DV.T A FLYING LEAD for connection to an external earthing conductor shall have a free
length’/of 6 inch (152 mm) and shall have the free end insulated — for example, shall have
the end folded back and taped to the lead — unless the lead is located so that it cannot
contact LIVE PARTS in the event that the lead is not used in the field. It shall be not smaller
than the size specified in Table 9.3.4DV.1 but in no case shall they be required to be larger
than the circuit conductors supplying the equipment.

9.3.4DV.1.1 PROTECTIVE EARTHING CONDUCTORS shall not be smaller than shown in Table
9.3.4DV.1 but in no case shall they be required to be larger than the supply conductors
supplying the circuit.

9.3.4DV.1.2 Compliance is checked by inspection and measurement.
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Table 9.3.4DV.1
Minimum size of earthing and bonding conductors

1)

-

. Continuous loads do not exceed 5.6 amperes.

2. Overcurrent protection is provided by one of the following:

b) Branch-circuit-rated fuses listed and marked‘for use with 18 AWG copper wire

c) Class CC, Class J, or Class T fuses
2)

-

. Continuous loads do not exceed 8 amperes.

2. Overcurrent protection is provided by one of the following:

b) Branch-circuit-rated'fuses listed and marked for use with 16 AWG copper wire

c) Class CC, Class.J; or Class T fuses

a) Branch-circuit-rated circuit breakers listed andimarked for use with 18 AWG copper wire

a) Branch-circuit-rated circuit breakers listed and marked for use with 16 AWG copper wire

RATED CURRENT of the equipment under consideration Minimum conductor sizes AWG (mm?)
A B
PROTECTIVE PROTECTIVE BONDING
Amperes EARTHING CONDUCTOR
CONDUCTOR AWG (mm?)
AWG (mm?)

Up to and including 10 18 (0,82)" 20 (0,52)"

Over 10 up to and including 13 16 (1,31)? 18 (0,82)?

Oper 13 up to and including 18 14 (2,08) 16.(1,31)

Oper 18 up to and including 25 12 (3,31) 14 (2,08)

Oper 25 up to and including 30 10 (5,26) 12 (3,31)

Oper 30 up to and including 40 8 (8,36) 10 (%,26)

Oper 40 up to and including 55 6 (13,29) 8 (8136)

Oper 55 up to and including 70 4(21,14) 6(13,29)

Oper 70 up to and including 95 2(3361) 4 (21,14)

Spaller conductors may be used provided that footnotes 1) or 2) are implemented and controlled via markings

and installation instructions during installation.

9.3.4DV.2 PROTECTIVE BONDING CONDUCTORS shall comply with the following:

a) Shall pass the resistance test of 9.3.1; and

able

9.3.4DV.1; or for components only, be no smaller than the conductors that supply

power to the component.

9.3.4DV.3 If the PROTECTIVE BONDING CONDUCTOR is smaller than the conductor supplying

power to the component, or smaller than the conductor size in column

B of Table 9.3.4DV.1,

or a printed conductor on a printed circuit board, the protective bonding path shall

demonstrate the ability to withstand a limited short circuit.

9.3.4DV.4 Compliance is determined by conducting the limited short circuit test specified in

9.3.4DV.5 and 9.3.4DV.7.

9.3.4DV.5 The protective earthing path shall be connected to the supply circuit having a
capacity in accordance with Table 9.3.4DV.2. The capacity shall be determined without the
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protective earthing path in the circuit. The supply voltage shall be the nominal voltage of
the a.c. mains supply. The specified over-current PROTECTIVE DEVICE rated no less than
specified in 9.3.4DV.7 shall be connected in series with the protective earthing path.

9.3.4DV.6 During the test, the protective earthing path shall not open, and there shall be no
damage to any insulation, the failure of which would result in contact between the earth

path and a LIVE PART. The integrity of the insulation shall be checked by the electric strength
test of 13.2 by applying the test between LIVE PART and earthed parts.

9.3.4DV.7 The current rating of the overcurrent PROTECTIVE DEVICE shall be the smallest of
the following:

a) The current rating of the attachment plug but not less than 20 A;

b) The rating of an overcurrent PROTECTIVE DEVICE which is specified by the
manufacturer for installation in the field to protect the equipment; or

¢) The rating of an overcurrent PROTECTIVE DEVICE in the equipment that protects the
circuit or part required to be earthed.

Table 9.3.4DV.2
Short circuit capacity for the limited short circuit test

Maximum rating of the appliance

Wattage
Volt-A Volt-A Volt-A (hp) Volt Circyit capacity
gingle-phase 3-phase direct current olts inA
0-1176 0-832 0-648 373 max (0,5) 0-250 200
0-1176 0-832 0648 373 max (0,5) 251 -480 1000
177 -1 920 833 -1496 649 - 1140 >373 (0,5) to 746 0-480 1000
(1.0)
921 -4080 1497 -3 990 1141 -3 000 >746 (1.0) to 2 0-250 2000
200 (3.0)
4081-9600 39919145 3001-6960 >2200(3.0)to 5 0-250 3500
600 (7,5)
9601 or higher 97146 or higher 6 961 or higher >5600 (7,5) 0-250 5000
1P21 or higher. 1497 or higher 1141 or higher >746 (1.0) 251 -480 5000

9.3.5 Sizg of non-accessible earthing terminals

Earthing terminals which are not accessible in NORMAL USE for EXTERNAL CONDUCTORS shall be of a size
equal to or larger than that required for the corresponding current-carrying terminal.

9.3.6 Locking of earthing terminals

Clamping means of earthing terminals for EXTERNAL CONDUCTORS shall be adequately locked against
accidental loosening.

Compliance with 9.3.2 to 9.3.6 inclusive is checked by inspection, by manual test and by the appropriate
tests of 10.1.
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NOTE In general, the designs commonly used for current-carrying terminals provide sufficient resilience to comply with the
requirement for adequate locking against accidental loosening, provided that there is no excessive vibration or temperature cycling. If
the terminal is subjected to excessive vibration or temperature cycling, special provision such as the use of an adequately resilient
part, for example, a pressure plate which is not likely to be removed inadvertently, can be necessary when PILLAR TERMINALS are
used.

9.3.6.1DV D2 Addition: Add 9.3.6.1DV.1 and 9.3.6.1DV.2:

9.3.6.1DV.1 An equipment-grounding terminal or lead grounding point shall be connected
to the frame or enclosure by a positive means, such as by a bolted or screwed connection.

ding

9.4 Corr¢sion resistance

All parts off an earthing terminal shall be resistant to corrosion resulting from(Contact between [those parts
and the copper of the earthing conductor or any other metal that is in contact'with those parts.

9.4.1 Materials
The body ¢f an earthing terminal shall be of brass, or other metal ho less resistant to corrosion| unless it is
a part of the metal frame or enclosure. Then any screws er futs shall be of brass, plated stgel or other
metal complying with Clause 22, or other metal no less resistant to corrosion.
9.4.2 Frames or enclosures of aluminium

If the body of an earthing terminal is a part\0f’a frame or enclosure of aluminium or alumjnium alloy,
precautions shall be taken to avoid the RiSK of corrosion resulting from contact between fopper and

aluminiumior its alloys.

Compliance with 9.4, 9.4.1, and 9.4:2'is checked by inspection, and in cases of doubt by an anglysis of the
materials gnd their coatings.

NOTE Corrodion resistance can(bejachieved by plating or similar process.
9.5 Othef requirements

9.5.1 Defachable parts

If a DETACHABLE PART of a CONTROL has an earth connection, this connection shall be made before any
current-carrying connections are established when placing the part in position, and any current-carrying
connections shall be separated before the earth connection is broken when removing the part.

Compliance is checked by inspection.
9.5.2 Incorporated control

If an INCORPORATED CONTROL is likely to be separated from its normal earthing means after mounting in the
equipment for purposes of testing, SETTING or SERVICING while the equipment is energized, it shall be
provided with an earthing connection or with an earthing conductor which does not require removal from
the CONTROL for such testing, SETTING or SERVICING.
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Compliance is checked by inspection.

NOTE 1 Refrigerator temperature SENSING CONTROLS and defrost CONTROLS are examples.

NOTE 2 In the

countries members of CENELEC, 9.5.2 does not apply.

10 Terminals and terminations

See also Cl

ause 20, third paragraph.

10.1 Terminals and terminations for external copper conductors

1011 Te
ATTACHMEN

nuts or equ
or disconng

10.

10.
St
att
int

10.

low voltage circuits. Such connections shalls

10.1.1.1 1
ATTACHMEN
CONDUCTOH

Compliancg

NOTE 1 Scre

}ndard for Terminal Blocks, UL 1059. Methods X and M.are not used in the USA

[, except as specified in 10.1.3, shall be such that connection is made by(means
ally effective devices or methods, but without requiring a SPECIAL PURPOSETOOL for
ction.

1.1DV D2 Addition of 10.1.1DV.1 and 10.1.1DV.2:

1.1DV.1 Terminals for fixed wiring shall comply with the requirements containe

chment of a power supply cord may be made by thé methods specified for ex{
rnal, or INTEGRATED CONDUCTORS.

1.1DV.2 Flat quick connect terminals may be'employed for limited energy, safe

a) Have both engagement parts_shipped with the control
b) Have engagement parts provided with a means to permit interlocking

c) Be accompanied bycdnstructions for proper installation

[ shall satisfy the-appropriate requirements for terminals and TERMINATIONS fo
S and may require the use of SPECIAL PURPOSE TOOLS for connection or disconnectio

e with 10°1.1 and 10.1.1.1 is checked by inspection and test.

IEC 60998-2-3

NOTE 2 Flat p

type termlnals |n accordance W|th IEC 60998-2-1, SCREWLESS TERMINALS in accordance with IEC

ush-on terminals are deemed to require a SPECIAL PURPOSE TOOL for effecting the crimp.

minals for FIXED WIRING and for NON-DETACHABLE CORDS using TYPE X ATTACHMENT and TYPE M

of screws,
connection

din the
The
ernal,

ty extra

erminals or TERMINATIONS for NON-DETACHABLE CORDS using TYPE Y ATTACHMENT and TYPE Z

I INTERNAL
n.

60998-2-2 or

10.1.2 Screws and nuts which clamp EXTERNAL CONDUCTORS shall have a metric ISO thread or a thread
of equivalent effectiveness. They shall not serve to fix any other component, except that they may also

clamp INTERNAL CONDUCTORS if these are so arranged that they are unlikely to be displaced when fitting the
EXTERNAL CONDUCTORS.

Compliance is checked by inspection.

NOTE 1 Provisionally, SI, BA and Unified threads are deemed to be of equal effectiveness to metric ISO thread.

NOTE 2 A test for equivalent effectiveness is under consideration. Pending agreement to such a test, all torque values for threads
other than ISO, SI, BA and Unified are increased by 20 %.
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10.1.3 Soldered, welded, crimped or similar terminations

Soldered, welded, crimped or similar TERMINATIONS shall not be used for the connection of NON-
DETACHABLE CORDS using TYPE X ATTACHMENT and TYPE M ATTACHMENT unless such is permitted by the

appropriate equipment standard. When such TERMINATIONS are used for EXTERNAL CONDUCTORS, they shall
also comply with the requirements of 10.2.2 and 10.2.3.

Compliance is checked by inspection.

NOTE In general, the standards for equipment restrict the use of such connections.

10.1.4 T¢rminals for FIXED WIRING or NON-DETACHABLE CORDS using TYPE X ATTACHMENT|or TYPE M
ATTACHMENT shall allow at least the connection of conductors having nominal cross-sectional areas as

shown in Thble 3.

Compliance is checked by inspection, by measurement and by fitting conductors of the smallest and
largest crogs-sectional areas specified or declared.

(10.1.4 of edition 3) — MinimurrTac?Esz-sectional area’of conductors
Qurrent carried by terminal ? Nominal cross-sectional area®
mm?
A Flexible cord‘conductor Fixed wiring congluctors

Up to 6 and including © 0,5t0 1 1t01,5
Qver 6 up to and including 10 0,75t01,5 1t02,5
Qver 10 up to and including 16 1t02,5 1,5t0 4
Qver 16 up to and including 25 1,5t04 25t06
Qver 25 up to and including 32 25t06 4t010
Qver 32 up to and including 40 4t010 6to 16
Qver 40 up to and including 63 6to 16 10to 25

@ Requiremgnts for applications greaterithan 63 A are under consideration.
® In the USA, other sizes of conductors apply.

¢ The nomingal cross-sectional areas specified do not apply to terminals in SELV-circuits or PELV-circuits carrying a cufrent not
exceeding JA.

10{1.4DV DR Replace Table 3 with the following text:

The nominal cross-sectional area of a conductor is related to the current being carried and
shall be sized in accordance with Article 310 and Article 400 of the National Electrical Code,
NFPA 70.

10.1.4.1 If a terminal is designed to accommodate a wider range of FIXED WIRING or flexible cord
conductor sizes than those indicated in columns 2 and 3 of Table 3, then this shall be declared.

NOTE 1 In Canada and the USA, CREEPAGE DISTANCES and CLEARANCES between terminals declared for EXTERNAL
CONDUCTORS for FIXED WIRING and between such terminals, other than earthing terminals, and adjacent metal parts shall meet
the requirements of Clause 20, and in addition, when measured in accordance with Note 2 of 10.1.4.1, shall be at least:

— 6,4 mm for rated voltages not exceeding 250 V;
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— 8,0 mm forr:

—9,6 mm forr:

ated voltages exceeding 250 V and up to 400 V;

ated voltages exceeding 400 V.

NOTE 2 In Canada and the USA, the measurements of CREEPAGE DISTANCE and CLEARANCES at terminals are made twice,
once with conductors of the largest cross-sectional area to be used and once without conductors fitted.

10.

1.4.1DV D2 Deletion of Note 1.

10.1.5 Termlnals for FIXED WIRING Or NON-DETACHABLE CORDS usmg TYPE X ATTACHMENT Or TYPE M

ATTACHMEN

not work |
CLEARANCE

Compliancy

the largest
loosened.

specified in|

During the
or damage
terminal.

NOTE 1 This

that its moven]

NOTE 2 Term

suitable meang.

NOTE 3 Cove

working loose

—the sealis n

— the effectivd

unfavourable

10.1.6 Te
ATTACHMEN

contact pre
intended fg

material.

£ ]
OIIGII UU oJU III\UU lIIClL VVIICII lI < \JICIIII'JIIIB mredrio IO LIBIILUI IUU Ul IU\JOUIIUU, LI < LUI

Dose, INTERNAL CONDUCTORS are not subjected to stress, and CREEPAGE PIST.
5 are not reduced below the values specified in Clause 20.

b is checked by inspection and by measurement after fastening and loosening a c(
cross-sectional area used in 10.1.4 10 times, the conductor being-moved each
For threaded parts, the full torque applied is either that shown n, \Table 20, or
the relevant figure (see Fiqure 10 to Figure 13), whichever is greater.

fo the head slots, threads, washers, stirrups or other parts;-that will impair the furthe

equirement does not imply that the terminal must be so desighed that rotation or displacement is prever
ent does not bring about non-compliance with the other requirements of this standard.

Lnals can be prevented from working loose by fixing'with two screws, by fixing with one screw in a rece

Fing with sealing compound, or with resips, is only considered to be a sufficient means for preventing a
if:

t subject to mechanical strain@s aresult of connection or disconnection of the conductor or use of the eq

ness of the sealing compound is not impaired by the temperature which is attained by the terminal u
onditions required by this'standard.

minals forSFIXED WIRING or NON-DETACHABLE CORDS using TYPE X ATTACHMENT
[ shall be\so designed that they clamp the conductor between metal surfaces wit

ssureand without undue damage to the conductor, except that for SCREWLESS
r citcuits carrying a current not exceeding 2 A, one of the surfaces may be of n

inal does
ANCES and

bnductor of
) time it is

gthe torque

est, terminals shall not work loose and there shall be no damage, such as breakag¢ of screws

- use of the

ted, provided

bs or by other

terminal from

bipment; and

der the most

or TYPE M
h sufficient

TERMINALS
pn-metallic

Compliance is checked by inspection of the terminal and of the conductors after the test of 10.1.5.

NOTE Conductors are considered to be unduly damaged if they show sharp or deep indentations.

10.1.7 Terminals for FIXED WIRING and NON-DETACHABLE CORDS using TYPE X ATTACHMENT shall not require
special preparation of the conductor in order to effect correct connection.

10.1.7.1

Terminals for TYPE X ATTACHMENT may also have alternative means of connection if at least one

of the means conforms to this requirement, even if the original factory-made connection uses another
means. In this case, the original factory-made connection shall comply with the requirements for terminals
and TERMINATIONS for INTERNAL CONDUCTORS.
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Compliance is checked by inspection.

NOTE The term "special preparation of the conductor" covers soldering of the strands, use of cable lugs, formation of eyelets, etc.,
but not the reshaping of the conductor before its introduction into the terminal or the twisting of a stranded conductor to consolidate
its end.

10.1.8 Terminals for FIXED WIRING and NON-DETACHABLE CORDS using TYPE X ATTACHMENT or TYPE M
ATTACHMENT shall be so designed or placed that neither the conductor nor a wire of a stranded conductor

can slip out while any clamping screws or nuts are being tightened, or while any equally effective device is
being operated.

10.1.8.1 "nm’nli:mr*n is checked hy the fnllnwing test

10.1.8.2 [ferminals are fitted with conductors according to the use of the terminal, inlacCordance with
Table 4. The wires of FIXED WIRING conductors are straightened before inserting into the terming|.

1011.8.2DV D2 Modification to 10.1.8.2:

with Article 400 of the National Electrical Code, NFPA 70. The wires of FIXED WIRING

Tlminals are fitted with conductors according to the use of the'terminal and in T(:cordance
1
conductors are straightened before inserting into the terminal.

10.1.8.3 [The wires of flexible cables and cords are twisted.so that there is an even twist of onje complete
turn in 20 mm. The conductor is inserted into the terminal.for the minimum distance prescribe(d, or where
no distance is prescribed, until it just projects from thefar side of the terminal. The conductor is inserted
into the terminal in the position most likely to assist awire to escape and then the screw is tighfened with a
torque equal to two-thirds of the torque specified if:-Table 20.

10.1.8.4 For flexible cords, the test is repeated using a new conductor which is twisted as béfore, but in
the opposite direction. After the test, nowiré of the conductor shall have escaped into the gap hetween the
clamping means and the retaining device.

Table 4
(10.1.8 of edition 3) — Terminal conductors
Current'carried by terminal ? Conductor to be fitted (number of wires and nominal
A diameter of each wire in millimetres
Flexible cprd conductors Fixed wiring conductors For flexible cord For fixed wiring|conductors
conductors
Otob — 32 % 0,20 —
61to 10 Oto6 40 x 0,25 7 % 0,52
10to 16 6to 10 50 x 0,25 7 % 0,67
16 to 25 10to 16 56 x 0,30 7x0,85
251032 16 to 25 84 x 0,30 7 x1,04
- 251032 94 x 0,30 7%x1.35
32t0 40 32t040 80 x 0,40 7x1,70
40t0 63 40t0 63 126 x 0,40 7x214
@ Requirements for applications greater than 63 A are under consideration.

10.1.9 Terminals shall be so designed that they clamp the conductor reliably.
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Compliance is checked by the following test.

10.1.9.1 The terminals are fitted with conductors of the smallest and largest nominal cross-sectional
areas used in 10.1.4, fixed or flexible, whichever is appropriate, or the more unfavourable and the terminal
screws are tightened, the torque applied being equal to two-thirds of the torque specified in Table 20. Each
conductor is subjected to a pull of the value shown in Table 5. The pull is applied without jerks for 1 min, in
the direction of the axis of the conductor space.

10.1.9.2 This pull test is normally applied directly to the conductor adjacent to where it enters the
terminal. If, however, an additional crimping or clamping device holding the conductor or the insulation
around the conductor exists not more than 30 mm from the entry point for the conductor into the terminal
and measuled along the length of the conductor, this test should apply to the crimping or clamping device,
and not to the actual terminal.

10.1.9.3 During the test the conductor shall not move appreciably in the terminal.

Table 5
(10.1.9 of edition 3) — Conductor pull test values

Current carried by terminal ? Pull
N
A Terminals for flexible cord Terminals for fixed wiring
conductors conductprs
Up to and including 3 20P 20°
Over 3 up to and including 6 30 30
Over 6 up to and including 10 30 50
Over 10 up to and including 16 50 50
Over 16 up to and including 25 50 60
Over 25 up to and including 32 60 80
Over 32 up to and including-4Q 90 90
Over 40 up to and including 63 100 100
@ Requiremefts for applications greaterithan 63 A are under consideration.
b Applicable pnly to SELV-circuits-or.PELV-circuits, and other applications where particular conductors are not specifiedl.

10.1.10 Terminals_shall be so designed that they do not attain excessive temperature in NORNIAL USE, SO
as to dampge the_material of the supporting insulation, or the insulating covering of the clamped
conductors

Compliance is checked during the heating tests of Clause 14.

10.1.11  Terminals shall be so located that each core contained within any FIXED WIRING sheath or flexible
cord sheath can be terminated in reasonable proximity to the other cores within the same sheath, unless
there is a good technical reason for the contrary.

Compliance is checked by inspection.

10.1.12 Terminals for NON-DETACHABLE CORDS using TYPE X ATTACHMENT or TYPE M ATTACHMENT shall be so
located or shielded, that should a wire escape when the conductors are fitted, there is no Risk of

accidental contact between LIVE PARTS and accessible metal parts, and for CLASS Il CONTROLS and
CONTROLS for class Il equipment, between LIVE PARTS and metal parts separated from accessible metal
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parts by SUPPLEMENTARY INSULATION only. Furthermore, there shall be no Risk of short-circuiting a declared
action providing a FULL DISCONNECTION or a MICRO-DISCONNECTION.

Compliance is checked by inspection and by the following test:

— An 8 mm length of insulation is removed from the end of a stranded conductor having a nominal cross-
sectional area equal to the minimum size used during the test of 10.1.4. One wire of the stranded
conductor is left free, and the other wires are fully inserted into and clamped in the terminal. The free wire
is bent, without tearing the insulation back, in every direction, but without making sharp bends around

barriers.

— The freeq
accessible
equipment
only.

— The free

— The free
circuit a de

10.1.13 T
through in
suitable, U
shrinkage

Compliand|
have comp

NOTE The sy
to the CONTH

g

J

10.1.14

Compliand

wire of a conductor connected to a live terminal shall not touch any metal ypé
or is connected to an accessible metal part, or for CLASS Il CONTROLS and CONIROL]
any metal part which is separated from accessible metal parts by SUPPLEMENTARY

wire of a conductor connected to an earthing terminal shall not touch any LIVE PART.

wire of a conductor connected to a live terminal shall not become accessible, nor s
Cclared action providing a FULL DISCONNECTION or & MICRO-DISCONNECTION.

erminals shall be so designed that circuit continuity/is not maintained by pressure
bulating material other than ceramic, or other insulating material with characteris

br distortion.

e is checked by initial inspection and by \further examination of the terminals when f
leted the test of Clause 17.

itability of the material is considered in fespect to the stability of the dimensions within the temperature ra
OL.

crews and threaded parts’of terminals shall be of metal.

e is checked by inspection.

NOTE In Ca
the connecti

position. Ternpinal plate. thicknesses are 1,27 mm (0,050 in) for wire size of more than 1,6 mm diameter (# 14 AWG)
thickness mirfimum(0;030 in) for wire sizes of 1,6 mm or smaller diameter. The terminal screws shall not be smaller th
except that # p Unified screw may be used for connection of a 1,29 mm (# 16) wire or a 1,02 mm (# 18) wire or a single

wire.

da and the JUSA, national standards require that when screws are used for conductors of 2,5 mm or sm
shall copsist of clamps or binding screws with terminal plates having upturned lugs, or equivalent, to hq

rt which is
S of class Il
INSULATION

hall it short-

transmitted
ics no less

nless there is sufficient resilience in the appropriate metal parts to compensate for any

he samples

hge applicable

jaller diameter,
Id the wires in
and 0,76 mm
Bn # 8 Unified,
1,6 mm (# 14)

10

.1.14DV.1 D2 Addition of 10.1.14DV.1.1:

10.1.14DV.1.1 A terminal plate tapped for a wire binding screw shall have two or more full
threads which may be extruded to provide two full threads.

10.1.15 TERMINALS of the PILLAR TYPE and the MANTLE TYPE shall be so designed as to allow an adequate
length of conductor to be introduced into, and pass beyond the edge of the screw, to ensure that the
conductor does not fall out.

Compliance is checked for PILLAR TERMINALS by measurement of dimension "g" in Figure 11 and for
MANTLE TERMINALS by the minimum distance specified in Fiqure 12.
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NOTE In the U.S.A. and Canada, Subclauses 10.1.16 and 10.1.16.1 apply:

10.1.16 Flying leads (pig tails)

In Canada and the U.S.A., where FLYING LEADS (PIG TAILS) may be used for wiring connections of INDEPENDENTLY MOUNTED
CONTROLS, the lead wires shall not be smaller than 0,82 mm?. The insulation shall be at least 0,8 mm thick, if thermoplastic, or at
least 0,8 mm thick rubber, with a braid of 0,8 mm thick thermoplastic.

The leads shall have a minimum length of 150 mm and shall be arranged so that they are inaccessible when installed in accordance
with national wiring practices. Additionally, the CONTROL end connection of such a lead, if located in the same wiring compartment,
shall not be to a threaded terminal construction unless the means of connection is rendered unusable for connection of an
EXTERNAL CONDUCTOR.

The threaded terminal construction need not be rendered unusable if the lead is insulated at the connection ends-and|a marking on
the device clegrly indicates the intended use of the lead.

Compliance is|checked by inspection.

10.1.16.1 [In Canada and the U.S.A., FLYING LEADS shall be provided with strain relief to preveht mechanical stress from being
transmitted to ferminal, splices (for example, twist-on connections) or internal wiring.

Compliance is|checked by inspection and by applying a pull of 44 N on the leads for 1 min.

During this test, the lead shall not be damaged and shall not be displaced longitudinally by more than 2 mm.
10.2 Ternminals and terminations for internal conductors

10.2.1 Cannection of conductors

Terminals and TERMINATIONS shall allow the connection of conductors having nominal cross-sectional
areas as shjown in Table 6.

(10.2.1 of edition3))~ Nominal-lc-:argfs?sectional areas of conductors
Current carried by terminal,or terminations ? Minimum nominal ® cross-sectional area of conductor
A mm?
Up to@nd'including 3 -°
Over3wp to and including 6 0,75
Over6 up to and including 10 1
Qver 10 up to and including 16 1,5
Over 16 up to and including 25 2,5
Over 25 up to and including 32 4
Over 32 up to and including 40 6
Over 40 up to and including 63 10

@ Requirements for applications greater than 63 A are under consideration.
b In the USA, other sizes of conductors apply.
¢ No minimum specified, but the manufacturer shall declare the conductor size for test purposes.

NOTE The requirements of 10.2.1 do not apply to terminals which are not intended to accept standard conductors without special
preparation, or which, by their design and application, cannot accept standard conductors; or which are deliberately designed to
accept conductors of a different size and which are for use only in particular types of equipment. An example is a THERMOSTAT
intended for use within the fabric of an electric blanket.
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10.2.2 Suitability for purpose

Terminals and TERMINATIONS shall be suitable for their purpose. TERMINATIONS for making soldered,
crimped and welded connections shall be capable of withstanding the stresses which occur in normal

service.

Compliance is checked by inspection.

10.2.3 Soldered terminals

When sold

ered terminals are used _the conductar shall he sa Inneifinnnri or fixed that reliance is

not placed

upon the g
CREEPAGE

less than 5

Compliand

NOTE In gen
the hole thro
cord.

Other methods of maintaining a conductor in position, such as waisting the sides of a solder tag, are also considered a

10.2.4 FI

10.2.4.1
Figure 15.

Compliang

TABS with @
shapes are

For the dir
alternative

TABS allow

10.2.4.2

oldering alone to maintain the conductor in position, unless barriers are proyide
DISTANCES and CLEARANCES between LIVE PARTS and other metal parts cannat be

0 % of the values specified in Clause 20 should the conductor break away atthe’solc

e is checked by inspection.

gh which the conductor is passed is not unduly large, and provided that the, conductor is not part of a

At push-on connectors

[ABS forming part of a CONTROL shall comply with the dimensional requirements of F

e is checked by measurement.

imensions other than those shown in Figure 14 or Figure 15 can be used, if the dimq
so different as to prevent.any possible mismating with a standard RECEPTACLE (see

hensions of Figure 14, Figure 15 and Figure 16, the physical dimensions of IEC
y be used. The performance requirements of IEC 61210 do not apply.

ng the polarized acceptance of RECEPTACLES can be used (see Figure 16).

[ABS forming part of a CONTROL shall consist of material and plating appropriate to th

table can

temperatuqe of the TABS as indicated in Table 7. Materials or coatings other than those spe

H such that
reduced to

lered joint.

bral, "hooking-in" before soldering is considered to be a suitable means for maintdining a conductor in podition, provided

flat-twin tinsel

ceptable.

figure 14 or

bnsions and
Figure 16).

61210 may

e maximum
tified in the

e.used provided their electrical and mechanical characteristics are no less reliable,

particularly

with regard to resistance to corrosion and mechanical strength.

Table 7
(10.2.4.2 of edition 3) — Material and plating for tabs
Material and plating of tabs Maximum temperature of the tab
°C
Bare copper 155
Bare brass 210
Tin plated copper and copper alloys 160

Table 7 Continued on Next Page
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Table 7 Continued

Material and plating of tabs

Maximum temperature of the tab

°C
Nickel plated copper and copper alloys 185
Silver plated copper and copper alloys 205
Nickel plated steel 400
Stainless steel 400

Complianc

is checked by measuring the temperatures attained during the tests of Clause 14.

NOTE The te
temperature 0|

10.2.4.3 1

mperatures specified are those for continuous use. Higher transient temperatures are possible~for ex
ershoot of a temperature SENSING CONTROL.

hmple, during

ABS forming part of a CONTROL shall have adequate strength to allow the indertion and

withdrawal [of RECEPTACLES without damage to the CONTROL such as to impair compliancg with this
standard.
Compliancg is checked by applying, without jerks, axial forces equak.to those shown in Table 8. No
significant displacement or damage shall occur.
Table 8
(10.2.4.3 of edition 3) — Axial force values for tab insertion and withdrawal
Tab size Push?® Pull ?
see Figure 16) N N
2,8 50 40
4,8 60 50
6,3 80 70
9,5 100 100
@ The values|in the table are the maximum allowed for the insertion and the withdrawal of a RECEPTACLE from a TAB
10.2.4.4 TaBs forming part)of a CONTROL shall be adequately spaced to allow the connedtion of the
appropriatel RECEPTACLES:

For the dimensions-of Figure 14, Figure 15 and Figure 16, the physical dimensions of IEC ¢
be.used. The performance requirements of IEC 61210 do not apply.

alternativel

51210 may

Compliance is checked by applying an appropriate RECEPTACLE on each TAB unless otherwise declared in
7.2. During this application, no strain nor distortion shall occur to any of the TABS nor to their adjacent
parts, nor shall the CREEPAGE DISTANCE or CLEARANCE values be reduced below those specified in Clause

20.

NOTE For TABS complying with Figure 14 or Figure 15, the appropriate RECEPTACLE is shown in Figure 16.

10.3 Terminals and terminations for integrated conductors

There are no specific requirements or tests for terminals or terminations for INTEGRATED CONDUCTORS
under Clause 10, but the relevant requirements of the other clauses may apply.
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11 Constructional requirements
11.1 Materials
11.1DV D2 Modification of 11.1 by adding the following text:

Requirements for insulating materials and polymeric enclosures are contained in Annex D
and/or the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C.

111 Inlsulating materials — Impregnated

Wood, coIon, silk, ordinary paper and similar fibrous or hygroscopic material shall”not be used as
insulation yinless impregnated.

Compliancg is checked by inspection.

NOTE Insulafing material is considered to be impregnated if the interstices between the fibres of the materials are sulgstantially filled
with a suitabl¢ insulant.

11.1.2 Cudrrent-carrying parts

If brass is jused for current carrying parts other than threaded parts of terminals, it shall confain at least
50 % coppgr if the part is cast or made from bar, or at least 58 % if the part is made from rolled $heet.

Compliancg is checked by inspection and by analysis of the material.
11.1.3 Non-detachable cords

11.1.3.1 INON-DETACHABLE CORDS 0f:GPASS | CONTROLS shall have a green/yellow conductdr insulation
which is cdnnected to the earthing\.términal or TERMINATION of the CONTROL, or to the earthing contact of
any equipment inlet or socket-outlet, if provided.

11{1.3.1DV D2 Madification of 11.1.3.1 by adding the following text:

Inlllividually covered or insulated grounding conductors shall have a continjious outer
finish that-is either green, or green with one or more yellow stripes.

11.1.3.2 Conductor insulation identified by the colour combination green/yellow shall not be connected to
terminals or TERMINATIONS other than earthing terminals or TERMINATIONS.

Compliance with 11.1.3.1 and 11.1.3.2 is checked by inspection.

11.1.3.2DV D2 Modification of 11.1.3.2 by adding the following text:

All individually covered or insulated conductors other than grounding conductors shall not
use a continuous outer finish that is either green, or green with one or more yellow stripes.
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11.1.4

Intentionally weak traces

INTENTIONALLY WEAK TRACES shall be used only to protect against hazards caused by failure of components
included in Table H.24. See H.27.1.1.8.

11.2 Protection against electric shock

11.21 Do

uble insulation

When DOUBLE INSULATION is employed, the design shall be such that the BASIC INSULATION and the
SUPPLEMENTARY INSULATION can be tested separately unless satisfaction with regard to the properties of

both insulafions is provided in another way.

11.2.1.1 |{ the BASIC INSULATION and the SUPPLEMENTARY INSULATION cannot be tested separately, or if
satisfaction| with regard to the properties of both insulations cannot be obtained ‘in anothgr way, the
insulation ig regarded as REINFORCED INSULATION.

Compliancg is checked by inspection and by test.

NOTE Specially prepared samples, or samples of the insulating parts, are regarded as ways.of providing satisfaction.

11.2.2 Infringement of double insulation or reinforced insulation

CLASS Il CONTROLS and CONTROLS for use in class Il equipment shall be so designed that| CREEPAGE
DISTANCES @and CLEARANCES over SUPPLEMENTARY INSULATION Or REINFORCED INSULATION cannot,|as a result
of wear, be|reduced below the values specified in Clause, 20. They shall be so constructed that|if any wire,
screw, nut, washer, spring, flat push-on RECEPTACLE ‘ersimilar part becomes loose and falls out pf position,
it cannot n NORMAL USE become so disposed that CREEPAGE DISTANCES or CLEARANCES over
SUPPLEMENJARY INSULATION or REINFORCED INSULATION are reduced to less than 50 % of the value specified
in Clause 2.

Compliancg is checked by inspection,-by,measurement and/or by manual test.

For the purpose of this requirement:

— it is not to| be expected thatjtwo independent fixings will become loose at the same time;

— parts fixefl by screws-or nuts provided with a locking washer are regarded as not liable to becpme loose,
provided thepse screws or nuts are not required to be removed during USER MAINTENANCE Or SERVICING;

— springs apd-spring parts that do not become loose or fall out of position during the tests of Clauses 17

and 18 are deemed to comply;

— wires connected by soldering are considered to be not adequately fixed unless they are held in place
near to the TERMINATION, independently of the solder;

— wires connected to terminals are considered to be not adequately secured unless an additional fixing is
provided near to the terminal. This additional fixing, in the case of stranded conductors, shall clamp the
insulation and not the conductor;

— short rigid wires are regarded as not liable to come away from a terminal if they remain in position when
any one terminal screw or nut is loosened.
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11.2.3

11.2.3.1

Integrated conductors

DISTANCES and CLEARANCES cannot be reduced below the values specified in Clause 20.

11.2.3.2

INTEGRATED CONDUCTORS shall be so rigid, so fixed or so insulated that in NORMAL USE CREEPAGE

Insulation, if any, shall be such that it cannot be damaged during mounting or in NORMAL USE.

Compliance with 11.2.3.1 and 11.2.3.2 is checked by inspection, by measurement and by manual test.

NOTE If the insulation on a conductor is not at least electrically equivalent to that of cables and flexible cords complying with the
appropriate IEC standard, or alternatively does not comply with the electric strength test made between the conductor and metal foil

wrapped aroy

1"

11
lo
b
br

1"

1"

employed; Type TF wire may be used wherever.Type RFH-1 or RFH-2 wire is acc

11
re

usied in dry or damp locations but is not'acceptable in wet locations.

11.2.4 Flexible cord sheaths

Inside a @
INSULATION

properties

Compliand
according

1"

rEid, for a potential of 300 V or less; and shall be at least Type RFH-2 with impre

rcHthrersutatiomumdertheconditions-specifredtimEause+3thecomductorisconsideredtobeabareco

2.3.3DV D2 Addition of 11.2.3.3DV.1 to 11.2.3.3DV.4:

2.3.3DV.1 A 18 AWG or 16 AWG (0,82 or 1,3 mmz) rubber-covered wiré in other
-voltage circuit as described in 2.1.5 shall be at least Type RFH41 with impreg

id and shall be acceptable for the application for a potential of 301 — 600 V.
2.3.3DV.2 A 14 AWG (2,1 mm?) or larger conductor shall\be Type TW, RH, or RH

2.3.3DV.3 Other types of conductors that have been found to be acceptable m

2.3.3DV.4 Tubing shall not be subjected. to)sharp bends, tension, compression
beated flexing, and shall not contact sharp edges, projections, or corners. Tub

ONTROL, the sheath (jacket) of a flexible cable or cord shall be used as SUPH
only where it is not\subject to undue mechanical or thermal stresses, and if it

bre not less than those specified in IEC 60227-1 or IEC 60245-1.

e is checked\by inspection, and, if necessary, by testing the sheaths of the fle
0 IEC 60227-1 or IEC 60245-1.

2.4DV D2 Modification of 11.2.4 by adding the following text:

nductor.

than a
hated
gnated

W wire.

y also be
ptable.

, or
ng may be

LEMENTARY
insulating

D

Xxible cords

The tests for insulating properties of a cord's sheath shall be in accordance with UL 62.

11.2.5 Protective impedance

See Annex H.

11.2.6 Protection against electric shock by use of SELV or PELV

See Annex T.
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11.2.7 Connections between internal and external SELV/PELYV circuits

Adequate measures shall be provided to prevent the interconnection of an integrated SELV circuit to an
external PELV circuit and vice versa.

The supply of a CLASS Il CONTROL from an external SELV source by means of a separable connection shall
only be possible by means of a dedicated plug and socket system which cannot be fitted or interconnected
with other connecting systems.

Compliance is checked by inspection.

11.2.8 OJercurrent protection

CONTROLS ghall be capable of carrying the currents likely to flow in abnormal conditions for such periods of
time as are determined by the characteristics of the protective device if declared in-requirement 96 of
Table 1.

Compliancg is checked by the test of 27.5.
11.3 Actuation and operation

11.3.1 Full disconnection

CONTROLS with positions declared as FULL DISCONNECTION.shall be so designed that in the declared
positions there is contact separation in all supply poles other than earth, at least equal to tt[e relevant

values spegified in Clause 20. The contact separationgmay be obtained by AUTOMATIC ACTION or|by MANUAL
ACTION, but|any subsequent AUTOMATIC ACTION shall net cause any contact separation to be redliced below

the specified minimum.

If the discopnection is also declared to provide ALL-POLE DISCONNECTION, the contact OPERATIPN in each
supply pole{shall be substantially together:;

Compliancg is checked by inspectiorrand by the tests of Clauses 13 and 20, where necessary.

11.3.2 Mi¢ro-disconnection

CONTROLS with positions* declared as MICRO-DISCONNECTION shall be so designed that in thp declared
positions thiere is contact separation in at least one supply pole to meet the electric strength requirements

of Clause [I3 but:no CLEARANCE dimension is specified. The contact separation may be optained by
AUTOMATIC ACTION or by MANUAL ACTION, but any subsequent change of ACTIVATING QUANTITY between the

limits declafed.4n Table 1, requirement 36, or at any SwITCH HEAD temperature between the limifs declared
in Table 1, requirement 22, shall not cause an OPERATION which would reduce the contact separation such
that the requirements of Clause 13 are no longer met.

Compliance is checked by inspection and, where necessary, by the tests of Clause 13 carried out at the
temperature limits declared.

11.3.3 Reset buttons
Reset buttons of CONTROLS shall be so located or protected that they are not likely to be accidentally reset.

Compliance is checked by inspection.
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NOTE 1 This requirement precludes, for example, reset buttons mounted in such a position that they can be reset by pushing the
CONTROL against a wall, or by pushing a piece of furniture against the CONTROL.

NOTE 2 This requirement does not apply to manual reset CONTROLS with TRIP-FREE actions.

11.3.4 Setting by the manufacturer

Parts used for the SETTING of CONTROLS by the manufacturer shall be secured to prevent accidental
shifting after SETTING.

Compliance is checked by inspection.

11.3.5 Clntacts — General

11.3.5.1

designed
speed of A

Compliand

NOTE This rg

11.3.5.2

de-energiz

NOTE A single relay operating two independent contacts is considered to be only one switching element.

11.3.5.2

Measures
cause, by an external short circuit that would prevent the CONTROL from performing a SAFETY SH

Acceptablemethodsare, forexampte;

1"

A
ac
th

pr

A

Contacts with a d.c. rating greater than 0,1 A, which can be operated by ACTUATION,
hat the speeds of approach and separation of the contact surfaces,'are indepen
CTUATION.

e is checked by inspection.

[quirement does not apply to contacts excluded by 11.3.7.

3.5.1DV D2 Modification of 11.3.5.1 by adding the following text after the note:

component, such as a resistor, capacitor,"diode, and the like, shall not be

ough a failure assessment that a single component fault will not result in
btective function.

BYSTEMS of CLASS C CONTROL-FUNCTIONS shall include at least two switching element
e the safety relevant terminals.

Measures to prevent common cause errors

shall be'taken to protect against FAILURE of two (or more) switching elements, due tg

shall be so
dent of the

connected

ross the contacts of a safety CONTROL.or“a protective device unless it can be validated

a loss of

s to directly

a common
UT-DOWN.

— overcurrent protection device,

— current limitation or

— internal FAULT detecting means.

The suitability of measures to maintain the capability to interrupt the energization of the safety related
output terminals by means of at least one switching element or the interruption of an overcurrent protection
device shall be verified by the following test.
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The safety related output terminals of the CONTROL are connected to a switch that is intended to switch the
short-circuit current. With this switch opened, the CONTROL is connected as described in H.27.1.1.2 with
the outputs energized to simulate normal OPERATION (contacts of the internal switching elements closed).

The test equipment shall have the following characteristics:

a) when overcurrent protection devices are used as the protective measure, the power supply to the
CONTROL shall have the capability of supplying a short-circuit current of at least 500 A.

b) when current limitation techniques are used as the protective measure (for example, transformer) the

power supply to the CONTROL shall not limit the declared (Table 1, requirement 95) short-circuit current.

11.3.5.2.1.1
closing the

The test is

If an overcl
the test is rt

The test is
position pri

11.3.5.2.1.4
initiates a s
maintaining

Compliancy

After the te

A short-circuit is applied between the safety related output terminals of the,C
switch.

pperated for 1 h or if there is no current flow through the switch.

rrent protection device is replaceable and has operated during thetest, it shall be re
pbpeated a further two times by attempting to restart the CONTROL keeping the switch

repeated using either the same or a separate sample with-the switch maintained in
br to the first start-up sequence.

If an internal FAULT detecting function of the CONTROL either opens the switching e
AFETY SHUT-DOWN, the test is repeated two times by attempting to restart the CON
the external short circuit.

b js checked in accordance with H.274:1.3 and Clause 15.

5t, at least one switching element of the CONTROL shall be able to de-energize the sa

output ter
supply to t

1.3.6 C

Contacts fd
greater tha
they can co

Compliancy

inals, or a non-replaceablé€ yovercurrent protection device has permanently inte
safety related output términals.

ntacts for full disconnection and micro-disconnection

r FULL DISCONNECTION and contacts for MICRO-DISCONNECTION, having either a d.c
h 0,1 A, of/ah a.c. rating, and which can be operated by ACTUATION, shall be so de
me to rest only in a closed position or in an open position.

 is checked by inspection, and for a closed position by the temperature requirement.

ONTROL by

placed and
rlosed.

the closed
lements or

TROL while

fety related
rupted the

rating not
signed that

5 of Clause

14, and for open position by the requirements of Clause 13, as specified for MICRO-DISCONNECTION.

However, where an INTERMEDIATE POSITION of the ACTUATING MEMBER occurs adjacent to a LOCATED
POSITION declared as FULL DISCONNECTION, then the tests of Clauses 13 and 20, as specified for FULL
DISCONNECTION, are made for this INTERMEDIATE POSITION.

11.3.7 Exclusions for 11.3.5 and 11.3.6

The requirements of 11.3.5 and 11.3.6 shall not apply to contacts where inspection shows they cannot be
operated on-load or are not intended to be operated on-load, nor to contacts which do not arc under
conditions of NORMAL USE.

11.3.7.1 Compliance is checked by inspection, and if necessary by the test of 11.3.7.2.
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11.3.7.2 A d.c. voltage equal to the maximum WORKING VOLTAGE is applied to the contacts in series with a
resistor such that the current occurring in NORMAL USE is obtained. It shall not be possible to maintain an
arc by slowly opening the contacts.

11.3.8 Contacts rest position

Contacts shall, in any rest position of the ACTUATING MEMBER, be either open or closed as intended, or such
that no HAZARD can occur within the control or equipment.

Compliance is checked by inspection.

NOTE 1 The
USER.

NOTE 2 For
marked, or in
MEMBER in

11.3.9 Py

A PULL-COH
the CONTR
they allow

Complianc

NOTE 1 PUL
by the applic
CONTROL my

NOTE 2 The
relevant equi

term "rest position of the ACTUATING MEMBER" includes located, intermediate and position of SET

he purposes of trying to obtain an INTERMEDIATE POSITION of an ACTUATING MEMBER, betweer
tended rest positions, the ACTUATING MEMBER can be actuated as in NORMAL USE¢ Holding th¢g
osition is not ACTUATION.

ll-cord actuated control

D ACTUATED CONTROL shall be so designed that when the PULL-CORD is released aft
DL, the relevant parts of the mechanism normally cannot fail to return to a position
he immediate performance of the next movement ind¢he cycle of ACTUATION of the CG

e is checked by inspection and by the following.test.

| -CORD ACTUATED CONTROLS can be actuated from any LOCATED POSITION to the next LOCAT!
htion and removal of a steady pull not exceeding 45 N vertically downwards, or 70 N at 45° to the ve
ounted in any declared manner.

actuating forces for CONTROLS actuated by other than PULL-CORDS, are not specified. Attention i
ment standard where such requirements may be given.

11.4 Actions

11.4.1

A CONTROL
the other 3
unique to t

Combined actions

NG BY THE

| any indexed,
ACTUATING

br actuating
from which
NTROL.

ED POSITION
rtical, with the

drawn to the

having more\than one action, with one of the actions designed to operate after thg FAILURE of

ction(s)~shall be so constructed that this action remains operative after FAILURE of
ne otheraction(s).

Complianc

any portion

is’ checked by inspection and, if necessary, by tests affer making all of the oth

r action(s)

inoperative.

11.4.2 Setting by the manufacturer

TYPE 2 ACTION which has provision for SETTING by the manufacturer of its OPERATING VALUE, OPERATING TIME
or OPERATING SEQUENCE, shall be designed such that it is clearly discernible if any subsequent interference
with the SETTING has been made.

Compliance is checked by inspection.
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11.4.3 Type 2 action

Any TYPE 2 ACTION shall be so designed that the MANUFACTURING DEVIATION and DRIFT of its OPERATING
VALUE, OPERATING TIME or OPERATING SEQUENCE is within the limit declared in requirements 41 and 42 of

Table 1.

Compliance is checked by the tests of Clauses 15 to 17 inclusive.

11.4.4 Type 1.A or 2.A action

A Type 1.A or 2.A action shall operate to provide the CLEARANCES and electric strength requirements

specified fof FULL DISCONNECTION.

Compliancg is checked by the tests of Clause 13 and the relevant requirements of Clause 20.

11.4.5 Type 1.B or 2.B action

A Type 1.B|or 2.B action shall operate to provide the electric strength requirements specified| for MICRO-
DISCONNECTION.

Compliancg is checked by the test of Clause 13 and the relevant requirements of Clause 20.

11.4.6 Type 1.C or 2.C action

A Type 1.Cfor 2.C action shall operate to provide circuit interruption by MICRO-INTERRUPTION.

Compliancg is checked by the relevant requirements of Clause 20.

11.4.7 Type 1.D or 2.D action

A Type 1.D|or 2.D action shall be so-designed that disconnection can neither be prevented nqgr inhibited,
by any respt mechanism and so that after disconnection, it is not possible to reclose the gircuit even

momentaril

y while the excess orFAULT condition persists.

Compliancg is checked bylinspection and by test.

11.4.8 Type 1.E or2.E action

AType 1.E pr2.E action shall be designed so that disconnection can neither be prevented, nor inhibited by
any reset a i maintained
closed against a contlnuatlon of the excess or FAULT condltlon

Compliance is checked by inspection and by test.

11.4.9 Type 1.F or 2.F action

A Type 1.F or 2.F action shall be designed so that after the CONTROL has been mounted in accordance with
the manufacturer's instructions, it can only be reset with the aid of a TOOL.

Compliance is checked by inspection and by test.

NOTE Mounting within an equipment such that a TOOL is required to gain access to the CONTROL is deemed to satisfy this

requirement.
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11.4.10 Type 1.G or 2.G action

A Type 1.G or 2.G action shall be designed so that after the CONTROL has operated, it is possible to reset
the CONTROL (although not intended) under electrically loaded conditions.

Compliance is checked by inspection and by resetting once at rated voltage and rated current.
11.4.11 Type 1.H or 2.H action

A Type 1.H or 2.H action shall be so designed that the contacts cannot be prevented from opening and
which may;, qufnmafmnll\/ reset to the closed nnelhnn if the reset means is held in the reset P sition. The
CONTROL shall not reset automatically at any temperature above —35 °C with the reset mechgnism in the
normal pogition.

Compliance is checked by inspection and by test.
NOTE The tept is given in the relevant part 2.
11.4.12 Type 1.J or 2.J action

A Type 1.J|or 2.J action shall be so designed that the contacts cannot’be prevented from opening, and the
CONTROL i$ not permitted to function as an automatic reset device if the reset means is held jn the reset

position. The CONTROL shall not reset automatically at any temperature above 0 °C or —35 °C.
Compliancg is checked by inspection and by test.

NOTE The fest is given in the relevant part 2.

11.4.13 Type 1.K or 2.K action

A Type 1.Kor 2.K action shall be so deSigned that in the event of a break in the SENSING ELEMENT, or in any

other part between the SENSING ELEMENT and the sSwITCH HEAD, the declared disconnection |is provided
before the declared OPERATING VALUE, OPERATING TIME or OPERATING SEQUENCE is exceeded.

NOTE The teft is given in the relevant part 2.

11.4.14 Type 1.L on2.L action

A Type 1.L{or 2.Laction shall be so designed that in the case of FAILURE of the electrical supply] it performs
its intendetii function independently of any external auxiliary energy source or electrical supply.

Compliance is checked by inspection.

NOTE A simple direct acting spring or weight is not regarded as an auxiliary energy source or electrical supply.
11.4.15 Type 1.M or 2.M action

A Type 1.M or 2.M action shall be so designed that it operates in its intended manner after the declared
ageing procedure.

Compliance is checked by the test of 17.6.

11.4.16 See Annex H.
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11.4.16DV D2 National Difference revised and relocated as 11.4.101DV

11.4.17 See Annex J.

11.4.101DV D2 Addition:

A Type 1.AY or 2.AY action (OFF POSITION) shall be so designed that it provides a FULL
DISCONNECTION that is prevented from reclosing automatically when in the OFF POSITION by

positive mechanical means.

11.5 Ope

Drain holes
dimension

Compliance
NOTE 1 Addit
NOTE 2 CON

NOTE 3 In th
components,

1.

1.

nings in enclosures

, if any, shall have a minimum area of 20 mm?, a maximum area of'40 mm? an
pf 3 mm.

P is checked by inspection.
onal requirements for moisture resistance are contained in Clause 12,
[ROLS classified as IPX7 can have a facility for opening a drain‘fole.

b USA, there are additional requirements for openings in‘enclosures provided for ventilation, drainage
r clearance around a dial, knob, lever, handle, capillarytube or the like.

bDV D2 Addition of 11.5DV.1 to 11.5DV.3:

ap

11.pDV.2 A nonmetallic part’such as a reset knob, lever, or button that protrudes t
an jopening in the enclosure that is not larger than 650 mm? (1 in?) in area shall be

a

1.
lar

licable requirements of Annex DVA.

aterial classifiedas 5VA, 5VB, V-0, V-1, or V-2 in accordance with UL 94.

yer than 650 mm? (1 in?) in area shall be made of a material classified 5VA or 5V

i minimum

mounting of

bDV.1 In-line cord, free-standing and INDEPENDENTLY MOUNTED CONTROLS shall m¢et the

hrough
made of

5DV.3 A nonmetallic part that protrudes through an opening in the enclosure that is

B and

complies.with the requirements for polymeric enclosures in this standard (see also Annex

D).

11.6 Mou

11.6.1
manufactur

nting of controls

er's declaration do not adversely affect compliance with this standard.

CONTROLS shall be so designed that the methods of mounting in accordance with the

11.6.2 Declared methods of mounting shall be such that the CONTROL cannot rotate or be otherwise
displaced, and cannot be removed from an equipment without the aid of a ToOL, if such movement or
removal could adversely affect compliance with this standard. If removal or partial removal is necessary
for correct use of the CONTROL, then the requirements of Clauses 8, 13 and 20 shall be satisfied before and

after remov

al.

Compliance with 11.6.1 and 11.6.2 is checked by inspection and by manual test.
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NOTE CONTROLS, other than those with rotary ACTUATION, fixed by a nut and single bushing concentric with the ACTUATING
MEANS, are deemed to comply with this requirement, provided that the tightening of the nut requires the use of a TOOL, and that the
parts have adequate mechanical strength. An INCORPORATED CONTROL mounted by screwless fixing is deemed to comply with
this requirement if the use of a TOOL is required before the CONTROL can be removed from the equipment.

11.6.3 Mounting of independently mounted controls
11.6.3.1 INDEPENDENTLY MOUNTED CONTROLS other than those declared for panel mounting shall either:

— fit a standard box as declared;

—be suppl' d-withraconduitboxifa apcuia: condaitboxis |c\.|ui|cd, Of
— be suitabjle for surface mounting on a plane surface.

11.6.3.2 If a special conduit box is required, it shall be delivered together with the,CONTROL and the box
shall be provided with the entries for conduit specified in IEC 60423.

1116.3.2DV D2 Addition: Add the following to 11.6.3.2:

The special conduit box provided with the control shall comply with the gppropriate
requirements of the Standard for Enclosures for Electrical Equipment, UL 50|or UL 514
series.

11.6.3.3 INDEPENDENTLY MOUNTED CONTROLS for~surface mounting used with buried |installation
(concealed wiring) not using an outlet box shall be provided with suitable holes on the back of the CONTROL
allowing egsy installation and connection to the terminals.

11.6.3.4 INDEPENDENTLY MOUNTED CONTROLS for surface mounting used with exposed wiring shall be
provided with cable or conduit entries,~knock-outs, or glands, which allow connection of the appropriate
type of caljle or conduit complying witfithe relevant IEC standard.

1116.3.4DV D2 Addition: Add the following to 11.6.3.4:

INDEPENDENTLY MOUNTED CONTROLS for surface mounting used with exposed wiring shall be
prpvided with:cable or conduit entries, knock-outs, or glands, which allow connection of
the appropriate type of cable or conduit complying with the National Electrical Code (NEC),
NRPA 70;and relevant UL standards.

11.6.3.5 INDEPENDENTLY MOUNTED CONTROLS for surface mounting or the sub-bases for such CONTROLS
shall be constructed in such a manner that the terminals for EXTERNAL CONDUCTORS are accessible and

can be used when the CONTROL or the sub-base is correctly fixed to its support and its COVER (or the
CONTROL) is removed.

11.6.3.6 CcONTROLS intended for mounting on an outlet box or similar enclosure shall have wiring
terminals, other LIVE PARTS and sharp-edged metal parts, earthed or not, located or protected so that they
will not be forced against wiring in the box or enclosure during installation of the CONTROL.

11.6.3.7 Where back wiring terminals are used, they shall be recessed or be protected by close-fitting
barriers or insulating materials or the equivalent that will prevent contact with wiring installed in the box.

Compliance with 11.6.3.1 to 11.6.3.7, inclusive, is checked by inspection.
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Terminals that do not project into the box beyond the plane of the front edge of the box are acceptable.

Guards provided alongside terminals and extending at least 6,5 mm beyond the terminals before wiring,
with a corresponding guard between double pole mechanism, are acceptable.

11.7 Attachment of cords

11.7.1 Flexing

11.7.1.1 The flexible cords of IN-LINE CORD and FREE-STANDING CONTROLS shall be capable of withstanding

the flexing |}

integral wit

11.71.2 (

flexible cordls for which it is designed, to the following test.

11.7.1.21
so chosen
during the

Samples wj
oscillation.
equal to the
passed thr
member is
number of
flexings pe

11.71.2.2
the test, no
neither shg
between in
current.

11.7.1.2.3
broken.

11.7.2 Cord anchorages

11.7.21 @

n

the flexible cord if TYPE X ATTACHMENT is used.

ompliance is checked by subjecting the CONTROL, fitted with the flexible cord @

The CONTROL is mounted in the flexing apparatus shown in Fiquré 9> The axis of o
that the weight attached to the cord and the cord itself make th&€>minimum lateral
est.

th flat cords are mounted so that the major axis of the, cross-section is parallel to
Fach flexible cord passing through the inlet opening(is loaded with a weight of 1 kg

shall not be

r range of

scillation is
movement

the axis of
. A current

current passing through that particular core wherndthe CONTROL is operated at rateq voltage is

bugh each core, the voltage between cores. being maximum rated voltage. The
moved backwards and forwards through an angle of 90° (45° on either side of the ve
flexings (that is one movement through 9@0°)being 5 000, and the rate of the flexin
minute.

After the test, the sample shall show no damage within the meaning of this stand
interruption of the current and*no short circuit between the individual conductors §
Il broken strands pierce the jnsulation to the outer surface of the accessory. A 3
Hividual conductors is considered to occur if the current reaches twice the value

Not more than-10'% of the total number of conductors of the flexible cord shall

ONTROLS other than those INTEGRATED and INCORPORATED, intended to be connected

oscillating
rtical). The
g being 60

ard. During
shall occur,
hort-circuit
of the test

have been

by means

of a NON-D

ACHABLE CORD, shall have cord anchorages such that the conductors are relieved

rom strain,

including twisting, where they are connected to the terminals, and that their covering is protected from
abrasion. It shall be clear how the relief from strain and the prevention of twisting is intended to be

effected.

11.7.2.1DV D2 Modification: Replace 11.7.2.1 with 11.7.2.1DV.1:

11.7.2.1DV.1 Polymeric strain relief used in controls other than integrated and
incorporated, intended to be connected by means of a NON-DETACHABLE CORD, shall comply
with the requirements of the Standard for Insulating Bushings, UL 635 and be suitable for
the application with respect to the hole size and shape, maximum use temperature and
wire size/type. To ensure that the hole size and shape is suitable for the bushing, the test
noted in 11.7.2.11DV shall be conducted.
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11.7.2.2 Cord anchorages of CLASS Il CONTROLS shall be of insulating material or, if of metal, be insulated
from accessible metal parts or metal foil over accessible non-metallic surfaces by insulation complying
with the requirements for SUPPLEMENTARY INSULATION.

11.7.2.3 Cord anchorages of CONTROLS other than those of class Il shall be of insulating material or be
provided with an insulating lining, if otherwise an insulation FAULT on the cord could make accessible metal
parts live. This lining, if any, shall be fixed to the cord anchorage, unless it is a bushing which forms part of

a cord guard provided to meet the requirements of 11.7.1.

11.7.2.4 Cord anchorages shall be so designed that:

— the cord
parts;

— the cord
— for TYPE

— for TYPE
a SPECIAL H

— for TYPE
— for TYPE

11.7.25
the ends W

11.7.2.6
ATTACHMEN

11.7.2.7

other com
omitted or
of a TOOL W

11.7.2.8
11.7.2.9 19

cannot touch clamping screws of the cord anchorage, if these screws are acces

s not clamped by a metal screw which bears directly on the cord;
ATTACHMENT or TYPE M ATTACHMENT, at least one part is securely fixed\to the CONTRO

ATTACHMENT or TYPE M ATTACHMENT, replacement of the flexible eord does not requir
URPOSE TOOL;

ATTACHMENT, they are suitable for the different typesof flexible cord which may be ¢
ATTACHMENT, the design and location make replacement of the flexible cord easily p

For other than TYPE z ATTACHMENT, makeshift methods such as tying the cord into a k
th string, shall not be used.

Slands shall not be used as cord anchorages in IN-LINE CORD CONTROLS us

Bcrews, if any, which have to be operated when replacing the cord, shall not sery
onent, unless either.the CONTROL is rendered inoperable or manifestly incomplete
ncorrectly replaced;.or the component intended to be fixed cannot be removed wit
hen replacing the-flexible cord.

Compliance-with 11.7.2.1 to 11.7.2.7, inclusive, is checked by inspection and by
11.7.2\15 inclusive. Integrated and INCORPORATED CONTROLS, intended for the cg

flexible cof
or incorpof

ds,.are tested according to the relevant standard for the equipment in which they ar
ated.

T unless they make provision for¢clamping all types and sizes of cords used in 10.1.4.

sible metal

L;

b the use of

bnnected;
pssible.

hot, or tying

ng TYPE X

e to fix any
if they are
hout the aid

the tests of
nnection of
b integrated

11.7.2.9 The coNTRoOL is fitted with a flexible cord and the conductors are introduced into the terminals,
the terminal screws, if any, being tightened just sufficiently to prevent the conductors from easily changing
their position. The cord anchorage is used in the intended manner, the screws being tightened with a
torque equal to two-thirds of the torque specified in 19.1.

11.7.2.10 After this preparation, it shall not be possible to push the cord into the CONTROL to such an
extent that the cord or internal parts of the CONTROL could be damaged, or that internal parts are interfered
with in a way which might impair compliance with this standard.

11.7.2.11 The cord is then subjected to pulls of the value and number shown in Table 9. The pulls are
applied in the most unfavourable direction, without jerks, each time for 1 s.
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11.7.2.11DV D2 Modification to replace 11.7.2.11 with the following text:

For mains connected devices, including I/O ports, a strain-relief device shall withstand
without damage to the cord or conductors and without displacement a direct pull of 35
pounds (156 N) applied to the cord for 1 minute. Supply connections within the equipment
are to be disconnected from terminals or splices during the test. For SELV or PELV powered
devices, including I/0 ports employing a flexible output cord, or a multi-conductor cord
where the interconnection of outputs does not exceed 30 Vrms or 42.4 V pk, a 89 N (20
pounds-force) is to be applied to the cord and supported by the unit so that the strain relief
means is stressed from the most severe angle that the construction of the unit permits. For
units employing output wiring consisting of separate leads, a 44 N (10 pounds-force) is to
be ppplied to each Tead.

11.7.2.12 |Immediately afterwards, the cord is subjected for 1 min to a torque of the value shown in Table
9.

11.7.2.12DV D2 Addition: Add the following to 11.7.2.12:

In fhe USA, the torque test is not applicable.

Table 9
(11.7.2 of edition 3) — Pull and torque values

Control Pull@ Torque ? Number of pulls ?
N Nm

FREE-STANPING CONTROLS and
INDEPENDHNTLY MOUNTED CONTROLS:

Up to and indluding 1 kg 30 0,1 2b
Over 1 kg up|to and including 4 kg 60 0,25 b
Over 4 kg 100 0,35 25
IN-LINE CORD CONTROLS (otherthan 90 0,25 140

FREE-STANPING CONTROLS)
@ Some equipment standards'may require a different value.

11.7.2.13 |For TYBE'X ATTACHMENT, the tests are made first with the lightest permissible typd of flexible
cord of the| smallést cross-sectional area used in 10.1.4, and then with the next heavier typg of flexible

cord of thd largest cross-sectional area used. For TYPE M ATTACHMENT, TYPE Y ATTACHMENT or TYPE Z
ATTACHMENT, only declared or fitted cord is used.

11.7.2.14 During the tests, the cord shall not be damaged. After the tests, the cord shall not have been
displaced longitudinally by more than 2 mm, the conductors shall not have been moved over a distance of

more than 1 mm in the terminals, and there shall be no appreciable strain at the connection. CREEPAGE
DISTANCES and CLEARANCES shall not have been reduced below the value specified in Clause 20.

11.7.2.15 For the measurement of the longitudinal displacement, a mark is made on the cord while it is
subjected to the pull, at a distance of approximately 20 mm from the cord anchorage, before starting the
tests. After the tests, the displacement of the mark on the cord in relation to the cord anchorage is
measured while the cord is subjected to the pull.
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11.8 Size of cords — non-detachable

11.8.1 NON-DETACHABLE CORDS shall not be lighter than ordinary tough rubber sheathed flexible cord,
designated 60245 IEC 53, or ordinary polyvinyl chloride sheathed flexible cord, designated 60227 IEC 53.
The use of a lighter flexible cord is permissible if allowed in a particular equipment standard or for
connection to external SELV devices (sensors/units).

Compliance is checked by inspection.

11.8.2 CONTROLS fitted with NON-DETACHABLE CORDS shall have a cord with conductors of a size not less
than that shown in Table 10.

Table 10
(11.8.2 of edition 3) — Minimum cord conductor sizes

Current in relevant circuit ? Nominal cross<sectional area ®
A mm?
Up to and including 6 © 0,75
over 6 up to and including 10 1
over 10 up to and including 16 1,5
over 16 up to and including 25 2,5
over 25 up to and including 32 4
over 32 up to and including 40
over 40 up to and including 63 10

@ Requiremgnts for applications greater than 63 A are under consideration.
® In the USA|, other sizes of conductors apply.

© Lower valdes than 0,75 mm? are permitted for CLASS T CONTROLS or if permitted in a particular equipment or installation
standard.

Compliancg is checked by inspection:
1118.2DV DR Modification of 11.8.2 by adding the following text:

Cqrd conductors shall comply with the size requirements in the National Electfical Code,
ANSI/NFPAC70:

11.8.3 THe'space for the flexible cord inside the CONTROL shall be adequate to allow the condlictors to be
easily introduced and connected, and the COVER, if any, fitted without RISk of damage to the conductors or
their insulation. It shall be possible to check that the conductors are correctly connected and positioned
before the COVER is fitted.

Compliance is checked by inspection and by connecting cords of the largest cross-sectional area used in
10.1.4.

11.9 Inlet openings
11.9DV D2 Addition of 11.9DV.1:

11.9DV.1 Independently mounted


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

110

UL 60730-1

OCTOBER 18, 2021

11.9DV.1.1 coNTROLS intended to be permanently connected to FIXED WIRING shall allow the
connection of the supply wires after the control has been fixed to its support, and shall be

pro

vided with:

a) A set of terminals allowing the connection of cables for FIXED WIRING of the

nominal cross-sectional areas specified in Clause 10 or

b) A set of supply leads accommodated in a suitable compartment and

c) Cable entries, conduit entries, knockouts or glands which allow the connection of

the appropriate types of cable or conduit.

11.9.1
with an inle

11.9.1.1 ¢

located thaf introduction of the conduit or conduit fitting does not affect the protection agai
juce CREEPAGE DISTANCES and CLEARANGES below the values specified in Clause 20.

shock or re
Compliance
11.9.2 If4
11.9.3 Ifa

—shallbe s

— shall be r¢liably fixed,

Inlgt openings for flexible external cords shall be so désigned and shaped, or shall b

d) Such a CONTROL may be provided with a plug and flexible cord if the follg
conditions are met:

1) The cord connection of the equipment facilitates frequent interc

3) The fastening means or mechanical connections are intended to
removal for maintenance and repair.

bushing, so that the covering of the cord can be.inttoduced without RISk of damage

onduit entries and knock-outs of INDEPENDENTLY MOUNTED CONTROLS shall be so d

P is checked by inspection.
n inlet bushing is not providéd, then the inlet opening shall be of insulating material.
n inlet bushing is provided, then it shall be of insulating material, and

Db shaped as to'prevent damage to the cord,

—shall not tre removable without the aid of a TooL,

:T
2) Reduction of the TRANSMISSION of noise or vibration,is:accomplished, or

wing

nge,

bermit

e provided

esigned or
st electric

— shall, if TYPE X ATTACHMENT is used, not be integral with the cord.

11.9.4 An inlet bushing shall not be of rubber, with the exception that for TYPE M ATTACHMENT, TYPE Y
ATTACHMENT and TYPE Z ATTACHMENT for CLASS 0 CONTROL, CLASS 0l CONTROL Or CLASS | CONTROL, rubber is

allowed if the bushing is integral with the sheath of a cord of rubber.

Compliance with 11.9.1 to 11.9.4, inclusive, is checked by inspection and manual test.

11.9.4DV D2 Addition:

A soft-rubber bushing shall not be less than 3/64 inch (1,2 mm) thick and shall be located
so that it will not be exposed to oil, grease, oily vapor, or other substance having a

del

eterious effect on rubber.
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11.9.5 Enclosures of INDEPENDENTLY MOUNTED CONTROLS intended to be permanently connected to FIXED
WIRING shall have cable entries, conduit entries, knockouts or glands which permit the connection of the

appropriate conduit, cable or cord, as applicable.

1"

.9.5DV.1 DE Modification of 11.9.5:

Replace "cable or cord" to "or EXTERNAL CONDUCTOR".

1"

.9.5DV.2 D2 Modification of 11.9.5 by adding the following text:

A |terminal box or compartment on equipment that is to be permanently.
electrically shall be located so that wire connections therein will be~accessible for
ingpection, without disturbing either line-voltage or safety-circuit ‘wiring

e

ipment is installed in the intended manner. However, wire connections t

o
infended to be mounted on an outlet box may be accessibleyupon remcc)F
ipment from the box. A device which is acceptable for use with a fitting fgr only one

e
ty

1110 Eq

11.10.1
interconne
each other
result in fir

Compliand
11.10.2

protected,
occur in N

Compliand
11.10.3 ¢
introduced

system.

If IN-LINE C
socket out

e of wiring system shall be supplied with such a fitting.

uipment inlets and socket-outlets

The design of equipment inlets and socket-outlefs intended for use by the US

ction of CONTROLS and equipment shall be such-as to render unlikely their engag
or with equipment inlets or socket-outlets intended for other SYSTEMS if such engage
B, or injury or electric shock to persons or.damage to equipment or surroundings.

e is checked by inspection.

IN-LINE CORD CONTROLS provided with an equipment inlet or socket-outlet shall be so

that unintentional overloadifig of either the CONTROL, equipment inlet or socket-o
RMAL USE.

e is checked by inspection.

ONTROLS provided with pins, blades, or other connecting/adapting means, in
into fixed socket outlets shall comply with the requirements of the appropriate s

DRD)CONTROLS provided with a plug and a socket outlet, where the plug can be con

connected

after the
quipment
al of the

ER for the
ement with
ment could

rated, or so
uitlet cannot

rder to be
bcket-outlet

nected to a

et rated for a higher load current than the CONTROL, the CONTROL shall be provided with an

incorporated fuse or a protective device to limit the current to the CONTROL’s rating. The testing of the
protective function is done in the sequence of tests according to 27.5.

The plug and socket outlet part of the CONTROL shall comply with the appropriate standard for the plug and

socket syst

NOTE This cl

em. The CONTROL part shall comply with this standard.

ause is not applicable in Canada and the USA.

Compliance is checked by inspection and by carrying out tests based on those prescribed for the socket-
outlet system.
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11.10.3DV D2 Addition of the following text:

CONTROLS designed for fixed socket-outlets as shown in Figure 31DV shall have a weight of
0,79 kg or less and the design shall be suitable for the application. The maximum
acceptable moment, center of gravity and dimensions of the CONTROL shall be within the
limits given in Figure 31DV for plug-in TIME SWITCHES featuring two or three integral blades

or pins.

11.10.3DV.1 D2 Deletion of note to 11.10.3

Do

11.11 Rec

111 C
11.11.1.1

compartme
the CONTRQ

this standard.

11.11.1.2
could misle
be removeq

Compliancy

NOTE 1 In C4
TOOL for its rg

A COVER shg
at any two con

A COVER shdll be capable of withstanding an impact of 1,35 Nm applied to the accessible faces of the COVER (one

without being
radius of the b

NOTE 2 In @
requirements

s not apply.

uirements during mounting, maintenance and servicing
pvers and their fixing
For other than INTEGRATED CONTROLS, the removal of a COVER OF COVER PLATE, inclug

Nt COVER, which is intended to be removed during mounting;\USER MAINTENANCE or S
L or equipment, shall not affect the SETTING of the CONTROL if this might impair com

The fixing of COVERS shall be such that they cannot be displaced, nor replaced incor
ad the USER or would impair compliance withpthis standard. The fixing of COVERS wh
for mounting shall not serve to fix any parts; other than ACTUATING MEMBERS or gask

b with 11.11.1.1 and 11.11.1.2 is che¢Ked by inspection.

moval shall withstand the followingtests:

Il not become disengaged from the case when a direct pull of 60 N is applied. For this test, the COVER is|
lvenient points. The testshall be performed before and after 10 removal and replacement OPERATIONS.

Hisplaced, and:theré shall be no damage to internal parts nor malfunction of the CONTROL as a result of
bl used for this.test shall be not less than 25,4 mm.

anada“and the USA, the continuity of the earthing means for a screwless fixed COVER shall cof
f 9:8'and 9.5.

ing battery
ERVICING of
liance with

ectly if this
ch need to
ets.

nada and the USA, a screwless fixed COVER which gives access to bare LIVE PARTS and which doeg not require a

to be gripped

low per face)
this test. The

hply with the

11.11.1.2DV D2 Modification of 11.11.1.2 by adding 11.11.1.2DV.1 and 11.11.1.2DV.2 after the
notes:

11.11.1.2DV.1 A polymeric COVER attached by screws shall comply with the requirements of
11.11.1 with the screws loosened one full turn.

11.11.1.2DV.2 Devices that allow user removal or replacement of button/coin cells shall
comply with the requirements of 5.2 — 5.6 of UL 4200A. Devices with button/coin cells that
are not intended to allow user removal/replacement of the cells shall comply with 5.7 of UL
4200A.


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1

113

11.11.1.3

Covers of enclosures

NOTE In Canada and the U.S.A., there are additional requirements for doors or COVERS of enclosures giving access to fuses or any
overload protective device, the normal functioning of which requires renewal, or if it is necessary to open the COVER in connection
with the normal OPERATION of the overload protective device.

1"

.11.1.3DV D2 Addition: Add 11.11.1.3DV.1 - 11.11.1.3DV.4 to 11.11.1.3:

11.11.1.3DV.1 An enclosure COVER shall be hinged if it gives access to fuses, thermal
cutouts, or any other overload-protective device, the functioning of which requires
renewal, or if it is necessary to open the COVER in connection with normal OPERATION of the

deyice:

1"

cl

1"

1"
d

each end of each strip and at points between these end fastenings not more than
(1%2,4 mm) apart.

11.11.1.4

NOTE In Canpda and the U.S.A., there.are additional requirements for glass or glass-like material covering an observa

1"

1"
th
th

dTend solely upon screws or other similar means requiring the use of a TOOL to

11.1.3DV.2 A coVER hinged to comply with 11.11.1.3DV.3 and 11.11.1.3DV.4,)shz

sed, but shall be provided with a spring latch or catch.

a) Shut closely against a 1/4 inch rabbet or the equivalent,
b) Have turned flanges for the full length of four.edges, or

c) Have angle strips fastened to it.

11.1.3DV.4 A strip used to provide a rabbet and an angle strip fastened to the ¢

Glass covering an opening

11.1.4DV D2 Addition: Add 11.11.1.4DV.1— 11.11.1.4DV.3:

11.1.4DV,1 Glass covering an observation opening shall be reliably secured in

Il not
hold it

11.1.3DV.3 A door or cover giving access to a fuse or thermal cutout in other than a low-
volltage circuit shall:

dges of a

or shall be secured at not less than two-points, not more than 1-1/2 inch (38,1 mm) from

6 inch

ion opening.

place so
tion for

t it cannot be readily displaced in service and shall provide mechanical protec
F enclosed parts.

11.11.1.4DV.2 Glass for an opening not more than 4 inches (102 mm) in any dimension shall
not be less than 1/16 inch (1.6 mm) thick, and glass for a larger opening, but not more than
144 inches? (929 cm?) in area and having no dimension greater than 12 inches (305 mm),
shall not be less than 1/8 inch (3.2 mm) thick. Glass that covers a larger area shall not be
less than 1/8 inch thick and shall conform to one of the following:

a) The glass shall be of a nonshattering or tempered type that, when broken, shall
conform to the performance specifications in the Safety Performance Specifications
and Methods of Test for Safety Glazing Material Used in Buildings, ANSI 297.1-1984;

or
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b) Shall withstand a 2-1/2 foot-pound (2.41 J) impact from a 2-inch (50.8-mm)
diameter, 1.18 pound (535 g) steel sphere without cracking or breaking to the extent

that a piece is released or dropped from its intended position.

11.11.1.4DV.3 A transparent material other than glass employed as a covering over an
opening in an enclosure shall be investigated to determine if it has adequate mechanical
strength and is otherwise acceptable for the purpose. Compliance is checked by the
applicable requirements and tests of Annex D.

11.11.1.5

Non-detach
contact wit
occurring in

Snap-in de
properties
SERVICING §

Compliancy

11.11.1.51
and assem

NOTE SERVI

11.11.1.5.2

where com
CONTROL hé

11.11.1.5.3
the COVER ¢

— Push forc

— Pull force
a) Iff

b) If

Non-detachable parts

able parts which provide the necessary degree of protection against electric shogk,
h moving parts shall be fixed in a reliable manner and shall withstand the ‘mechar
NORMAL USE.

vices used for fixing non-detachable parts shall have an obvious-locked position.

bf snap-in devices used in parts which are likely to be removed for installation
hall not deteriorate.

 is checked by the tests of 11.11.1.5.1 to 11.11.1.5.3.

Parts which are likely to be removed for installation or during SERVICING are dis
bled 10 times before the test is carried out.

CING includes replacement of the supply cord.

For the tests of 11.11.1.5.3, the c@NTROL shall be at room temperature. Howeve

pliance may be affected by temperature, the test is also carried out immediate
s been operated under the conditions specified in Clause 14.

A force is applied for 10°s,without jerks, in the most unfavourable direction, to tho
r part which are likely to'bé weak. The force to be used shall be as follows:

e — 50N

as follows;
the shape of the part is such that the fingertips cannot easily slip off — 50 N

theprojection of the part which is gripped is less than 10 mm in the direction of rema

moisture or
ical stress

The fixing
or during

assembled

r, in cases
y after the

se areas of

val—30 N

The push force is applied by means of a rigid test finger similar in dimensions to the standard test finger
shown in Figure 2.

The pull force is applied by any suitable means (for example, a suction cup) so that the test results are not

affected.

While the pull test of a) or b) is being applied, the test fingernail shown in Fiqure 3 is inserted in any
aperture or joint with a force of 10 N. The fingernail is then slid sideways with a force of 10 N; it is not
twisted or used as a lever.
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If the shape of the part is such that an axial pull is unlikely, no pull force is applied but the test fingernail
shown in Figure 3 is inserted in any aperture or joint with a force of 10 N and is then pulled for 10 s by
means of the loop with a force of 30 N in the direction or removal.

If the COVER or part is likely to be subjected to a twisting force, a torque as detailed below shall be applied
at the same time as the pull or push force:

— for major dimensions up to and including 50 mm 2Nm

— for major dimensions over 50 mm 4 Nm

This torque is also applied when the test fingernail is pulled by means of the loop.

If the projeftion of the part which is gripped is less than 10 mm, the above torque is reduced to|50 % of the
value.

11.11.1.5.4 During and after the tests of 11.11.1.5.3, parts shall not becotne* detached and they shall
remain in the locked position, otherwise they are deemed to be DETACHABLE PARTS.

11.11.1.6 [A COVER, which can be removed with one hand, shall not-be released when a squegezing force
of up to 45 N combined with up to 15 N for the pull test is applied’at any two points, the distange between
which doeg not exceed 125 mm, as measured by a tape stretched tightly over that portion of the surface of
the coveR[which would be encompassed by the palm of the hand. The test is performed befofe and after
10 removal and replacement OPERATIONS.

11.11.2 Qover fixing means

Fixing scrgws of COVERS or COVER PLATES which‘heed to be removed during mounting, USER MAINTENANCE
or SERVICING shall be captive.

Compliancg is checked by inspection;
NOTE The ude of tight-fitting washers of,. cardboard or similar material is deemed to meet this requirement. See 19.1.5.
11.11.3 Actuating member

11.11.3.1 [A coNTROL-shall not be damaged when its ACTUATING MEMBER is mounted or rempoved in the
intended manner:

11.11.3.2 [[f\the maximum or minimum SETTING by the manufacturer or SETTING BY THE USER|of a TYPE 2
ACTION is limited by mechanical means associated with an ACTUATING MEMBER, such ACTUATING MEMBER

shall not be removable without the use of a TOOL.

11.11.3.3 If an ACTUATING MEMBER of a CONTROL with a TYPE 1 ACTION providing an "OFF" position, or the
ACTUATING MEMBER of any CONTROL with a TYPE 2 ACTION is used to indicate the condition of the CONTROL, it

shall not be possible to fix the ACTUATING MEMBER in an incorrect position.

Compliance with 11.11.3.1 to 11.11.3.3 inclusive is checked by inspection and, for ACTUATING MEMBERS
which do not require a TOOL for their removal, by the test of 18.9.

NOTE Standards for equipment may require that an ACTUATING MEMBER used to indicate the condition of a CONTROL not be
capable of being fixed in an incorrect position.
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11.11.4 Parts forming supplementary insulation or reinforced insulation

Parts of CONTROLS which serve as SUPPLEMENTARY INSULATION or REINFORCED INSULATION and which might
be omitted during reassembly after USER MAINTENANCE or SERVICING, shall either be fixed in such a way
that they cannot be removed without being seriously damaged, or be so designed that they cannot be
replaced in an incorrect position, and that, if they are omitted, the CONTROL is rendered inoperable or
manifestly incomplete.

Compliance is checked by inspection.

NOTE Lining metal enclosures with a coating of lacquer, or with other material in the form of a coating which can be easily removed
by scraping, i not deemed to meet this requirement.

11.11.5 S|eeving as supplementary insulation

Sleeving uged as SUPPLEMENTARY INSULATION on INTEGRATED CONDUCTORS shall bé.retained in position by
a positive means.

Compliancg is checked by inspection and by manual test.

NOTE A sleeg is considered to be fixed by a positive means if it can only be removed by breaking or cutting, or if it is clamped.

11.11.6 Pull-cords

PULL-CORDY shall be insulated from LIVE PARTS and the CONTROL shall be so designed that it is possible to
fit or to replfce the PULL-CORD without LIVE PARTS becomiing accessible.

Compliancg is checked by inspection.
11.11.7 Insulating linings

Insulating linings, barriers and the likeshall have adequate mechanical strength and shall be secured in a
reliable mapner.

Compliancg is checked by inspection.
11.12 Controls using software

See Annex|H.

11.13 Protective controls and components of protective control systems

11.13.1 Protective controls

PROTECTIVE CONTROLS shall

— be so designed and constructed as to be reliable and suitable for their intended duty and take into
account the maintenance and testing requirements of the devices, where applicable,

— be independent of other functions, unless their safety function cannot be affected by such other
functions,

— comply with appropriate design principles in order to obtain suitable and reliable protection.
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These principles include, in particular, fail-safe modes, redundancy, diversity, and self-diagnosis.

OPERATING

CONTROLS shall not be used as PROTECTIVE CONTROLS.

Compliance is checked by carrying out the relevant tests specified in this standard and the appropriate

13.1DV D2 Addition: Add the following:

11.13.1DV.1 If an electronic circuit/component is relied upon to prevent a hazard under
normal or abnormal operation of the product, that electronic circuit/‘component is
sidered to be providing a protective function. Such components/circuits sha:l: comply

part 2.
1.
c
wi
FA
pr
NO
etc
11.13.2 H
These dev
pressure 0
the maxim

standard fd
11.13.3 T

These deVv
function.

11.13.4 §

11.13.41
chemical |

batteries,
HAZARD.

h the relevant requirements for PROTECTIVE CONTROLS unless it can be shown t
LT assessment and tests of Clause 27 that FAILURE or malfunction of the prote¢

incuit/component will not lead to a hazardous condition of the CONTROL!.e., loss
btective function.

rough a
tive

of the

TE Examples of such circuits could be zero cross circuits, power regulation_gircuits, overcurrgnt protection

ressure limiting devices

ces shall be so designed that the pressure will not permanently exceed the maximu
f the controlled application; however, a short duration pressure surge of no more th

m allowable
an 10 % of

m allowable pressure is acceptable, wherezappropriate, or where not specified in {he relevant

r the controlled application.
emperature monitoring devices

ces shall have an adequate.response time on safety grounds, consistent with m¢

atteries

CONTROLS containing batteries shall be designed to reduce the RISK of fire, ex
paks undernormal conditions and after a single FAULT in the CONTROL. For USER-
he desigt shall reduce the likelihood of reverse polarity installation if this wou

pasurement

blosion and
replaceable
d create a

11.13.4.2

Battery circuits designed for a total battery capacity > 1 000 mAh shall be designed

50 that:

— the output characteristics of a battery charging circuit are compatible with its rechargeable battery (see
Annex V); and

— for non-rechargeable batteries, discharging at a

recommendations, and unintentional charging, are prevented; and

rate exceeding the battery manufacturer's

— for rechargeable batteries (see Annex V), charging and discharging at a rate exceeding the battery
manufacturer's recommendations, and reversed charging, are prevented; and

— replaceable batteries shall either:

* have contacts that cannot be shorted with the test finger (Figure 2); or
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* be

inherently protected to avoid creating a HAZARD within the meaning of the standard.

NOTE Reversed charging of a rechargeable battery occurs when the polarity of the charging circuit is reversed, aiding the discharge

of the battery.

11.13.4.3

such that le

If a battery with a capacity > 1 000 mAh contains liquid or gel electrolyte, a battery tray shall be
provided that is capable of retaining any liquid that could leak as a result of internal pressure build-up in
the battery. The requirement to provide a battery tray does not apply if the construction of the battery is

akage of the electrolyte from the battery is unlikely.

NOTE An example of a battery construction where leakage of the electrolyte is considered to be unlikely is the sealed CELL valve-

regulated typ

11.13.4.3.1
the CELLS 0
leakage fro

NOTE If sevefal CELLS (for example, the six CELLS in a 12 V lead-acid battery) are in a singleeasing, its fracture c

greater volum

11.13.4.4
data provid

When appr
and 11.13.4
those conag
safe under
tested for
rechargeab

11.13.4.41
Ssubjected
and that w|
chosen tha
that simula

11.13.4.4.2
short-circui
test.

NOTE Some

f the battery, or the volume of a single CELL if the design of the battery is such that sin
M multiple CELLS is unlikely.

e of leakage than from a single CELL.

Compliance with 11.13.4.1 to 11.13.4.3.1 is checked by inspection and by evalug
bd by the EQUIPMENT MANUFACTURER and battery manufacturer.

ppriate data is not available, compliance is checked by the test of 11.13.4.4.1 to

If battery tray is required, its capacity shall be at least equal to the volume of electrolyte of all

nultaneous

puld lead to a

tion of the

11.13.4.4.4

{.5. However, batteries that are inherently safefor the conditions given are not te
itions. Consumer grade, non-rechargeable carbon-zinc or alkaline batteries are

short-circuiting conditions and therefore «aré’not tested for discharge; nor are sug
eakage under storage conditions. The_ battery used for the following tests is a
e battery or as provided with, or recomimended by the manufacturer for use with, the

Unintentional charging of a non-rechargeable battery. The battery is charged w
b the simulation of any singlescomponent FAILURE that is likely to occur in the char
buld result in unintentional:charging of the battery. To minimize testing time, the
causes the highest charging current. The battery is then charged for a single period
ed FAILURE in place,

Excessive diseharging rate. The battery is subjected to rapid discharge by open-d
ing any cufrent-limiting or voltage-limiting components in the load circuit of the ba

to protect pergonnel against possible chemical or explosion HAZARDS be taken.

f thextests specified can be hazardous to the persons carrying them out; it is suggested that all appropri

sted under
considered
h batteries
new non-
CONTROL.

hile briefly
ging circuit
FAILURE is
of 7 h with

ircuiting or
ftery under

bte measures

11.13.4.4.3

11.13.4.4.4

See Annex V,

These tests shall not result in any of the following:

— chemical leaks caused by cracking, rupturing or bursting of the battery jacket, if such leakage could

adversely a

ffect required insulation; or

— spillage of liquid from any pressure relief device in the battery, unless such spillage is contained by the
CONTROL without RISK of damage to the insulation or HARM to the USER; or

— explosion

of the battery, if such explosion could result in injury to a USER; or


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1 119

— emission of flame or expulsion of molten metal to the outside of the CONTROL enclosure.
11.13.4.5 After completion of the tests, the equipment is subjected to the electric strength tests of 13.2.
11.13.5 Smart enabled controls

11.13.5.1 A SMART ENABLED CONTROL shall be so designed that the external communication signals (data
or power demand) do not unintentionally override the operating parameters of a TYPE 2 ACTION CONTROL
nor interfere with any protective function of the CONTROL.

A SMART ENABLED CONTRQL s pnrmiﬁnd to_alter the npnrq‘ring parameters of a type 2 _CONTROL within
defined limlits so long as the protective functions remain intact.

11.13.5.2 [A SMART ENABLED CONTROL that integrates operating and protective functions shall be
evaluated @is a PROTECTIVE CONTROL.

11.13.5.3 [Any transmitter or communication module that is external to theyzCONTROL and facts as the
interface between the CONTROL and the telecommunication network shall comply with IEC 64151 or IEC

62368-1. Nlevertheless the measures to ensure protection against eleetric shock in this stgndard (e.g.
Annex T) shall be met.

11.13.5.4 [ Any transmitter or communication module that is {art of the SMART ENABLED CONTROL shall
comply with the requirements of this standard.

11.13.5.5 | Compliance of 11.13.5 is checked by eyaluating the CONTROL in accordande with the
requirements of H.27.1 and other relevant requirements of this standard.

12 Moisture and dust resistance
12.1 Protection against ingress of water and dust

12.1.1 CQNTROLS shall provide the.degree of protection against ingress of water and dust appropriate to
their IP clagsification when mounted and used in the declared manner.

12{1.1DV D2 Modification of 12.1.1 by adding the following text:

Alternatively, CONTROLS classified as having protection against ingress of wateLr and dust
shiall meet-the applicable environmental enclosure requirements of UL 50. Compliance with
IEC 529 may be optionally provided, in which case, 12.1.1 to 12.1.6 apply.

12.1.2 Compliance is checked by first preparing the CONTROL as described in 12.1.3 to 12.1.6 inclusive
and then by carrying out the appropriate test specified in IEC 60529. Immediately after the appropriate test
the CONTROL shall withstand the electric strength test specified in 13.2, and inspection shall show that any
water which may have entered the CONTROL has not impaired compliance with this standard: in particular,

there shall be no trace of water on insulation which could result in reduction of CREEPAGE DISTANCES and
CLEARANCES below the values specified in Clause 20.

12.1.3 CONTROLS are allowed to stand in normal test room atmosphere for 24 h before being subjected to
the appropriate test.

12.1.4 CONTROLS provided with a DETACHABLE CORD are fitted with an appropriate equipment inlet and
flexible cord; CONTROLS with a NON-DETACHABLE CORD using TYPE X ATTACHMENT are fitted with the
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appropriate conductors with the smallest cross-sectional area specified in 10.1.4;, CONTROLS provided with
a NON-DETACHABLE CORD using TYPE M ATTACHMENT, TYPE Y ATTACHMENT or TYPE Z ATTACHMENT are tested
with the cord declared or delivered with the samples.

12.1.5 DETACHABLE PARTS are removed and subjected, if necessary, to the tests with the main part.

12.1.6 Sealing rings of glands and other sealing means, if any, are aged in an atmosphere having the
composition and pressure of the ambient air, by suspending them freely in a heating cabinet, ventilated by
natural circulation. They are kept in the cabinet at a temperature of (70 £ 2) °C, for 10 days (240 h).

NOTE In the USA, there are additional requirements for gaskets, glands and sealing compounds employed to prevent harmful
ingress of wafer and to adhesives used for securement of such gaskets to an enclosure or COVER in CONTROLS tb be installed
where exposefl to rain and operating at or below 60 °C.

12.(1.6DV D2 Modification of 12.1.6 by adding the following text after the note:

Gapkets and seals that are relied upon to prevent ingress of water and dust shall comply
with the requirements of Standard for Gaskets and Seals, UL 157:

12.1.6.1 Void
12.1.6.2 Immediately after ageing, the parts are taken out of the cabinet and left at room temperature,
avoiding difect daylight, for at least 16 h, before being reassembled. The glands and other seafing means
are then tightened with a torque equal to two-thirds of thatgiven in Table 20.

12.(1.6.3DV D2 Addition of the following paragraphs:

12.(1.6.3DV.1 The gasket and seals material shall have physical properties as spedified in
Table 12.1DV.1 before and after aging under the conditions specified in Table 12.1[DV.2.

Table 12.1DV.1
Physical properties for gaskets

Neoprene or rubber compound Polyvinyl chloride mpterials
Before test After test Before test After test
Regovery — Maximum set when 1- 1/4 inch - Not specified
incgh (25.4-mim) gage marks are (6.4 mm)
stretched 'to 2-1/2 inches (63.5
mm).held for 2 minutes and
melasdred-2-minutes-afterrel
Elongation — Minimum increase in 250 percent, 65 percent of 250 percent, 75 percent of
distance between 1-inch gage 1-3-1/2 inches original 1-3-1/2 inches original
marks at break (25.4 - 88.9 mm)
Tensile Strength — Minimum force 850 psi 75 percent of 1200 psi (8.3 90 percent of
at breaking point (5.9 MPa) original MPa) original
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Table 12.1DV.2
Aging conditions

Measured temperature
rise

°C °F Material Test program

35 63 Rubber or neoprene Air oven aging for 70 hours at 100.0°C £ 2.0°C (212.0°C
3.6°F)

35 63 Thermoplastic Aged in full-draft, air-circulating oven for 168 hours at
87.0 £1.0°C (188.6 * 1.8°F)

50 90 Rubber or neoprene Air oven aging for 168 hours at 100.0°C + 2.0°C (212.0°F
T3.6°F)

50 90 Thermoplastic Aged in full-draft, air-circulating oven for 249 hours at
100.0 +1.0°C (212.0 £ 1.0°F)

55 99 Rubber, neoprene or Aged in full-draft, air-circulating oven for 168 hours at

thermoplastic 113.0 £1.0°C (235.4 = 1.8°F)

65 117 Rubber or neoprene Aged in full-draft, air-circulating oven for 249 hours at
121.0 £1.0°C (249.8 £ 1.8°F)

65 117 Thermoplastic Aged in full-draft, air-circulating oven for 168 hours at
121.0 £ 1.0°C (249.8)* 1.8°F) for 1440 hours at 97.0 *
1.0°C (206.6 + 1.8°F)

80 144 Rubber, neoprene or Aged in full-draft, air-circulating oven for 168 hours at

thermoplastic 136.0 £1.0°C (276.8 * 1.8°F)

12|1.6.3DV.2 Compliance is checked by INSPECTION. The material shall show no signs of
deformation, melt or deterioration to a degree that will affect its sealing properties.

12{1.6.3DV.3 If gaskets are secured by;adhesives, samples of the gasket, adhesi;lle and
mI1unting surface shall be exposed for 72 hours to each of the following conditions, for a
temperature rise not exceeding,357C (63°F) obtained during the heating test:

a) 100°C (212°F),
b) Immersion in distilled water, and

c) Minus 10°C)(14°F).

12/1.6.3DV.4-Compliance is checked by measuring the force required to peel the gasket
frgm its mounting surface after the above exposure. The force shall not be less than 75
percent-of the value determined on the as-received samples.

12.2 Protection against humid conditions
12.2.1  All conTROLS shall withstand humid conditions which may occur in NORMAL USE.
See also Annex J.

12.2.2 Compliance is checked by the test sequence described in 12.2.3, after the humidity treatment of
12.2.5to0 12.2.9, inclusive.

12.2.3 For IN-LINE CORD, FREE-STANDING, INDEPENDENTLY MOUNTED CONTROLS, the test of 13.2 is
conducted immediately after the humidity treatment. For integrated and INCORPORATED CONTROLS, the test
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of 13.2 is conducted immediately after the humidity treatment. These tests shall be conducted in such a
manner that condensation does not occur on any surface of the test samples.

1224 Th

e CONTROL shall show no damage so as to impair compliance with this standard.

12.2.5 Cable inlet openings, if any, and drain holes are left open. If a drain hole is provided for an IPX7

CONTROL, it

is opened.

12.2.6 DETACHABLE PARTS are removed and subjected, if necessary, to the humidity treatment with the

main part.

12.2.7 Be
and (t+4)

— 2days (4
— 7 days (1

12.2.8 Th
between 9
maintained

12.2.9 Aff
in which th
parts.

NOTE 1 In m
before the hun

NOTE 2 A re
sodium sulphg
that care be tg
part of the test

NOTE 3 In org
and, in generd

12.3 For
12.3.7 inclu

CLASS llICO

fore being placed in the humidity cabinet, the sample is brought to a temperature
C. The sample is then kept in the humidity cabinet for:

B h) for IPX0 CONTROLS;
b8 h) for all other CONTROLS.

e humidity treatment is carried out in a humidity cabinet containing air with a relati
% and 95 %. The temperature of the air, at all placeswhere samples can be
within 1 K of any convenient value (t) between 20 °C and 30 °C.

er this treatment, the tests of Clause 13 are made‘€jther in the humidity cabinet, or
b samples were brought to the prescribed temperature after the reassembly of an|

st cases, the sample can be brought to the spectified temperature by keeping it at this temperature fg
hidity treatment.

ptive humidity between 91 % and 95 %. ¢an be obtained by placing in the humidity cabinet a saturat
te (Na,SO,) or potassium nitrate (KNO5)'in water having a sufficiently large contact surface with the air.
ken such that the test sample is nét subjected to condensate or other contaminants from the salt solutig
equipment.

er to achieve the specified ‘conditions within the cabinet, it is necessary to provide constant circulation o
, to use a cabinet which)is thermally insulated.

N-LINE CORD:-and FREE-STANDING CONTROLS, one sample is subjected to the test g
sive prior.to the other tests of Clause 12.

NTROLS are not tested under these subclauses.

between t

e humidity
located, is

n the room
detached

r at least 4 h

pd solution of
tis important
n or from any

the air within

NOTE In the ¢

12.3.1

ountries members of CENELEC, 12.3 does not apply.

conducted at the maximum rated current and the maximum declared ambient temperature.

12.3.2 The LEAKAGE CURRENT is measured between parts as indicated in 13.3.1.

The CONTROL is connected to a supply voltage equal to 1,06 times the rated voltage. The test is

12.3.3 Measuring circuits for CONTROLS using different supplies are shown in the figures mentioned
below:

— for a single-phase CONTROL having a rated voltage not exceeding 250 V, or three-phase CONTROL used
as a single-phase control, if a CLASS Il CONTROL, see Fiqure 25; if other than a CLASS Il CONTROL, see Figure
276;
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— for a single-phase CONTROL having a rated voltage exceeding 250 V, or a three-phase CONTROL not

suitable for use as a single-phase CONTROL, if a CLASS Il CONTROL, see Fiqure 27; if other than a CLASS Ii
CONTROL, see Figure 28;

— for a two-phase CONTROL having a rating not exceeding 250 V, other than CLASS Il CONTROL, see Fiqure
29 or Figure 30, depending upon usage.

CONTROLS for single-phase equipment having a rated voltage exceeding 250 V shall be connected to two
of the phase conductors, the remaining phase conductor not being used.

A suitable measuring circuit is shown in Annex E.

12.3.4 Ddiring measurement, all CONTROL circuits shall be closed. However, CONTROLS testefl according
to Figure 36, Figure 29 and Figure 30 shall have LEAKAGE CURRENTS checked with switch’ S1 lin the open
and the cldsed position.

It is permigsible to short circuit contact points to simulate closed circuits.

12.3.5 THe measuring circuit shall have a total impedance of (1 750~+,250) Q and be sHunted by a
capacitor Juch that the time constant of the circuit is (225 + 15) us.

12.3.6 The measurement circuit shall not have an error of mere than 5 % at an indicated |0,75 mA of
leakage and shall have an accuracy of within 5 % for all frequéncies in the range of 20 Hz to 5 RHz.

12.3.7 THe maximum LEAKAGE CURRENT, after the temperature of the CONTROL has stabilizgd, shall not
exceed thqg values given in 13.3.4.

13 Electric strength and insulation resistance
13.1 Insylation resistance

The insulation resistance of IN-LINE(CORD, FREE STANDING and INDEPENDENTLY MOUNTED CONTRQ®LS shall be
adequate.

13.1.1 Compliance is checked by the test of 13.1.2 to 13.1.4 inclusive. This test is made when specified
in Clause 12.

13.1.2 When measuring REINFORCED INSULATION or SUPPLEMENTARY INSULATION to other than metal parts,
each appragpriate.surface of the insulation is covered with a metal foil to provide an electrode for the test.

13.1.3 The insulation resistance is measured with a d.c. voltage of approximately 500 V applied, the
measurement being made 1 min after application of the voltage.

13.1.4 The insulation resistance shall not be less than that shown in Table 11.
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Table 11
(13.1 of edition 3) — Minimum insulation resistance

Insulation to be tested Insulation resistance
MQ

FUNCTIONAL INSULATION
BASIC INSULATION
SUPPLEMENTARY INSULATION
REINFORCED INSULATION

N N

13.2 Elecfricstrength

The electrig strength of all CONTROLS shall be adequate.

13.2.1 Cdmpliance is checked by the following test of 13.2.2 to 13.2.4 inclusive, using insulation or
disconnectipn test voltages as shown in Table 12. This test is made when specified in Clayse 12 and
Clause 17.

Table 12
(13.2 of edition 3) — Insulation or disconnection'test voltages ?

Insulation ¢r disconnection to be tested ¢ Test Voltage for working voltage (U) *9
SELV ® Working voltage Working vojtage f
A 50 V<U<B90V
FUNCTIONAL INSULATION ¢ 100 100 2 x U]
BASIC INSULATION 500 1250 1200 +|U
SUPPLEMEINTARY INSULATION hiik! Y 1250 1200 + {U)
REINFORCHD INSULATION hiik! - 2500 2400 + (2|x U)
FULL DISCQNNECTION ° N/A 1250 1200 +|U
MICRO-DISCONNECTION ° 100 100 2xU
ELECTRONIC DISCONNECTION ™" 100 100 2x U
MICRO-INTERRUPTION P - - -

NOTE 1 A DC potential equivalentito 1,414 times the test voltage specified in Table 12 may be applied.

NOTE 2 For CONTROLS intended for incorporating into an appliance or in conjunction with other equipment the highef electric
strength test|values of theequipment standard can be considered.

@Void.

® The high-vqltage transformer used for the test shall be so designed that when the output terminals are short-circuited after the
output voltage*has been adjusted to the test voltage, the output current is at least 200 mA. The overcurrent relay shall pot trip
when the outputTurrentistesstham t00mACare shattbetakem that the s vatue of the test vottage s measured within +3 %.
See also Annex H.

¢ Special components which might render the test impractical, such as electronic parts, neon lamps, coils or windings shall be
disconnected at one pole or bridged as appropriate to the insulation being tested. Capacitors shall be bridged except for the tests
for FUNCTIONAL INSULATION when one pole is disconnected. Where such a proceeding is not practical, the tests of Clauses 15
to 17 inclusive are considered to be sufficient.

9 For CLASS | CONTROLS and CLASS 0l CONTROLS and CONTROLS for class | situations, care shall be taken that adequate
CLEARANCE is maintained between metal foil and accessible metal to avoid over-stressing of insulation between LIVE PARTS
and earthed metal parts.

¢ No requirement up to 24 V a.c. r.m.s. if the circuit is insulated from the mains by DOUBLE INSULATION or REINFORCED
INSULATION (may be earthed).

f Applies to CONTROLS galvanically connected to mains.

Table 12 Continued on Next Page


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1 125

Table 12 Continued

Insulation or disconnection to be tested °¢ Test voltage for working voltage (U) * ¢
SELV ¢ Working voltage Working voltage
S50V 50V < U<690V

9 FUNCTIONAL INSULATION on printed wiring boards submitted in NORMAL USE to a voltage up to 50 V is not subjected to the
tests of 13.2.

" See 13.3.1.
" Any metal in contact with accessible metal is also regarded as accessible.

I For the tests of SUPPLEMENTARY INSULATION and REINFORCED INSULATION, the metal foil is applied in such a way that
sealing compound, if any, is effectively tested to accessible insulating surfaces.

K For ACCE$SIBLE PARTS which are protected by means of PROTECTIVE IMPEDANCE, the tests are carried out wjth the
componentq disconnected, the mid-point of the two impedances being regarded as an intermediate metal part.
' For CONTROLS incorporating REINFORCED INSULATION as well as DOUBLE INSULATION, care should be-taker that the

voltage applied to the REINFORCED INSULATION does not over-stress the BASIC INSULATION or the supplementdry parts of
the DOUBLE INSULATION.

™ The devic¢ which actually performs the disconnection is first removed from the circuit. If necessary,/any CONTROL jnput is
connected quch that the device is providing the disconnection. The test voltage is then applied to-the terminals and
TERMINATIONS of the device which carry the load current.

" See Clausg H.28.

° For the test of FULL DISCONNECTION and MICRO-DISCONNECTION, contacts are opened automatically or mangially and
tested as soon after opening as possible to ensure that the contact separation and the\supporting insulation are satisfactory.

In the case ¢f temperature SENSING CONTROLS, it may be necessary to proyidé special samples specially calibratdd to open
between 15)°C and 25 °C to enable this test to be carried out at room temperature immediately after removal from thelhumidity

cabinet.

P There are o electric strength requirements for MICRO-INTERRUPTION}; since the satisfactory completion of the tegts of
Clauses 15 o 17 inclusive are considered to be sufficient. Furthermoreyfor a CONTROL which has no MICRO-DISCONNECTION
in one positipn of its ACTUATING MEANS and MICRO-INTERRURTION in other positions, there are no requirementq for electric
strength for fhose positions corresponding to MICRO-INTERRURTION.

9Alla.c.

volfages are r.m.s. at 50 Hz to 60 Hz.

13.2.2

Taple 12DV.1 D2 National differénce deleted.

13|2.1DV D2 Addition of the following two paragraphs:

13/2.1DV.1 Induced Potential Test — Each of three separate magnet-coil-winding gamples,
mentioned in 20.3.1DV, shall withstand without breakdown the induced potential ftest after
constant temperatures have been reached as a result of OPERATION under the conditions

he

redu 3y 2 g at one-guarter or e 0 & full value
and increasing to the full value in not more than 15 seconds. After being held for the time
specified, the voltage is to be reduced within 5 seconds to one-quarter or less of the
maximum value, and the circuit is to be opened.

13.2.1DV.2 Induced Potential Option, Repeated — While heated, following OPERATION at 110%
of rated voltage as specified in 27.3, each of three samples shall withstand without
breakdown a repeated induced potential test at 65% of the potential applied in accordance
with 13.2.1DV.1.

When measuring REINFORCED INSULATION or SUPPLEMENTARY INSULATION to other than metal parts,

each appropriate surface of the insulation is covered with a metal foil to provide an electrode for the test.
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13.2.3 The insulation is subjected to a voltage of substantially sine-wave form, having frequency of 50
Hz or 60 Hz. Voltage is applied for 1 min across the insulation or disconnection indicated in Table 12 and
has the value shown in the table.

13.24

Initially not more than half the prescribed voltage is applied, then it is raised rapidly to the full

value. No flashover or breakdown shall occur. Glow discharges without drop in voltage are neglected.

13.3 Additional tests for in-line cord and free-standing controls

For IN-LINE CORD and FREE-STANDING CONTROLS, after the tests of 13.1 or 13.2, as appropriate, the sample

that was su

bijected to the tests of 12.3 shall be subjected to the tests of 13.3.1 to 13.3.4 inclusive.

CLASS llI CO

13.31 At
any LIVE PA

— accessibl

— metal foil
material, cg

Measuremsd
accessible

Where a su
foil is not to

If the CcoON|
disconnect

13.3.2 Th

— 1,06 time
only, for sin
supply, ifth

— 1,06 time
CONTROLS.

NTROLS are not tested under these subclauses.

est voltage, d.c. for CONTROLS for d.c. only and a.c. for all other CONTROLS,Nis applie
RTand

b metal parts;

with an area not exceeding 20 cm x 10 cm in contact with. ACCESSIBLE SURFACES 0|
nnected together.

ents shall be done individually as well as colleetively where surfaces are simi
from one surface to another.

rface is less than 20 cm x 10 cm, the metal foil is to be the same size as the surface
remain in place long enough to affect the temperature of the CONTROL.

ROL is provided with a grounding pin or conductor, the grounding conducto
d at the supply source.

b fest voltage is

s rated voltage, or~},06 times the upper limit of the rated voltage range, for CONTR
gle-phase CONTROLS and for three-phase CONTROLS which are also suitable for si
b rated voltage.or the upper limit of the rated voltage range does not exceed 250 V;

5 rated.voltage, or 1,06 times the upper limit of the rated voltage range, divided by

d between

f insulating

Ultaneously

The metal

r is to be

DLS for d.c.

hgle-phase

3, for other

13.3.3 The LEAKAGE CURRENT is measured within 5 s after the application of the test voltage.

13.3.4 The maximum LEAKAGE CURRENT to accessible metal parts and metal foil shall not exceed the
following values:

— for CLASS 0 CONTROLS, CLASS 01 CONTROLS 0,5mA
— for CLASS | CONTROLS 0,75 mA, and
— for CLASS II CONTROLS 0,25 mA.

NOTE In Canada and the USA, the values for CONTROLS using 250 V or less supply are as follows:
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— for CLASS 0 CONTROL, CLASS 0l CONTROL and CLASS| 0,5 mA;
CONTROL
—for CLASS Il CONTROLS 0,25 mA.

14 Heating

14.1

14.11

Compliance is checked by the test of 14.2 to 14.7 inclusive.

CONTROLS and their supporting surfaces shall not attain excessive temperatures in NORMAL USE.

14.1.2 Di
CONTROLS

with Claus

14.2 Temn

than thosé
ATTACHMEN

of conduct

1421 If
or supplieg

1422 If
flexible cof

14.2.3 T¢g
of the mini

14.3  IN-LI

14.3.1 IN
14.4 COM
and 1,06 \
than 10 %
rated curreg

NOTE In the

iring this test, the temperatures shall not exceed the values specified in Table
shall not undergo any change so as to impair compliance with this standard.ard

ps 8, 13 and 20.

hinals and TERMINATIONS which are intended for the connection of EXTERNAL CONDUQ

p for NON-DETACHABLE CORDS using TYPE M ATTACHMENT, TYPEY ATTACHMENT
T, shall be fitted with conductors of the intermediate cross-sectional area appropriate

br and rating used in 10.1.4.

TYPE M ATTACHMENT, TYPE Y ATTACHMENT or TYPE Z ATTACHMENT are used then the co
shall be used for the test.

a terminal is suitable for both flexible cords and for fixed conductors, then the
d is used.

rminals not intended for the connectionof EXTERNAL CONDUCTORS shall be fitted with
mum cross-sectional area, as specified'in 10.2.1, or with a special conductor if decla

NE CORD CONTROLS are stood.or rested on a dull black painted plywood surface.
DEPENDENTLY MOUNTED CONTROLS are mounted as in NORMAL USE.

TROLS shall be connected to a supply having the most unfavourable voltage betwe
r. Circuits whichyare not voltage sensitive may be connected to a lower voltage (

of Vg and doaded such that the most unfavourable current between 0,94 and 1,0
Int flows ifdthe circuit).

JSA, the test is conducted at the voltages specified in 17.2.3.1 and 17.2.3.2.

|3, and the
n particular

TORS, other

or TYPE Z
to the type

rd declared
appropriate

conductors
redin 7.2.

en 0,94 Vg
but not less
6 times the

14

.4DV D2 Modification of 14.4 by adding the following text after the note:

The USA note is applicable to voltage sensitive CONTROLS. For current sensitive CONTROLS, the test is
conducted at rated current.

14.4.1

14.4.2 ACTUATING MEMBERS are placed in the most unfavourable position.

Circuits and contacts not intended for external loads shall be specified by the manufacturer.

14.4.3 Contacts required to be closed initially for the purpose of this test are closed at the rated current
and the rated voltage of the circuit.
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14.4.3.1 Fortemperature SENSING CONTROLS, the temperature SENSING ELEMENT is raised or lowered to a
temperature which differs from the measured operating temperature under the conditions of this clause (5
* 1) K such that the contacts are then in the closed position.

14.4.3.2 For all other SENSING CONTROLS, the SENSING ELEMENT shall be maintained such that the
contacts are in the closed position, but are as near the point of opening as is practical.

14.4.3.3 It may be necessary to raise or lower, as appropriate, the value of the ACTIVATING QUANTITY
beyond the OPERATING VALUE SO as to cause OPERATION and then to return the value of ACTIVATING

QUANTITY to the required level.

14.4.34 H
OPERATING

14.4.4 If §
remain clog

14.4.4.1
OPERATING

I

14.5 CONI
conditions i

Except for
protected fi

1451 Th
times Ty
and either
than 20 K.

14.5.2 IN-
INCORPORA

a room tem
a 25 °C refe

14.6 The
be attained

14.6.1 Th

for other AUTOMATIC CONTROLS, the most arduous OPERATING SEQUENCE or segn
BEQUENCE shall be selected.

he CONTROL starts to operate during this test, the CONTROL is reset so that'the ¢
ed.

[ resetting to reclose the contacts is not practical, then the (test is discontinu
ALUE is determined and the test repeated using this new OPERATING VALUE.

[ROLS are tested in an appropriate heating and/or refrigerating apparatus suc
N 14.5.1 and 14.5.2 are obtained.

CONTROLS submitted in or with appliances, the\test shall be conducted in an EN
om drafts. Natural convection is permitted.

b temperature of the SWITCH HEAD is maintained between T, and either (T, + 5)
whichever is greater. The temperature of any mounting surface is maintained bet
Tomax T 8) °C or 1,05 times T, whichever is the greater if Tg,,,, is higher than T,

[INE CORD CONTROLS, INDEPENDENTLY MOUNTED CONTROLS and those parts of INTEG
[ED CONTROLS which are‘adcessible when the CONTROL is mounted as in NORMAL USH

berature in the range.of-15 °C to 30 °C, the resulting measured temperature being o
rence value.

femperatures\specified for the SWITCH HEAD, the mounting surfaces and SENSING EL!
in approximately 1 h.

a)
-2

electrical and thermal conditions are maintained for 4 h, or for 1 h after std

whichever ¢ccurs first.

ent of the

bntacts will

bd. A new

h that the

VIRONMENT

°Cor 1,05
wveen Tgmax
x by more

RATED and
shall be in

orrected to

EMENT shall

bady state,

14.6.2 For CONTROLS designed for short-time or intermittent OPERATION, the resting time(s) declared in
Table 1, requirement 34, shall be included in the 4 h.

14.7 The temperature of the medium in which the SWITCH HEAD is located, and the value of the
ACTIVATING QUANTITY to which the SENSING ELEMENT is exposed, shall be measured as near as possible to

the centre of the space occupied by the samples and at a distance of approximately 50 mm from the
CONTROL.

14.7.1 The temperature of the parts and surfaces indicated in Table 13 shall be determined by means of
fine wire thermocouples or other equivalent means, so chosen and positioned that they have the minimum
effect on the temperature of the part under test.
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14.7.2 Thermocouples used for determining the temperature of supporting surfaces are attached to the
back of small blackened discs of copper or brass, 15 mm in diameter and 1 mm thick, which are flush with
the surface. So far as is possible, the CONTROL is positioned such that parts likely to attain the highest
temperatures touch the discs.

14.7.3 In determining the temperature of ACTUATING MEMBERS and other handles, knobs, grips and the
like, consideration is given to other parts which are gripped in NORMAL USE, and if of non-metallic material
to parts in contact with hot metal.

14.7.4 The temperature of electrical insulation, other than that of windings, is determined on the surface
of the insulation at places where FAILURE could cause:

— a short circuit;

— a fire HAZARD;

— an adverge effect on the protection against electric shock;
— contact Between LIVE PARTS and accessible metal parts;

— bridging bf insulation;

— reduction of CREEPAGE DISTANCES or CLEARANCES below the Values specified in Clause 20.

Table 13
(14.1 of edition 3) — Maximum heating temperatures

Parts Maximum te_Inperature
permitted
°C
Pins of applfance inlets and plug-in devices ®:
— for very Hot conditions 155
— for hot cqnditions 120
— for cold donditions 65

Windings ®9?® and core laminations in contact therewith, if winding insulation is:

— of class A material 100 [90]
— of class E material 115 [1D5]
— of class If material 120 [1/10]
— of class F material 140

— of class H material 165
Terminals and TERMINATIONS for EXTERNAL CONDUCTORS 29 85
Other terminals and TERMINATIONS 2" 85
Rubber or polyvinyl chloride insulation of conductors: 2

— if flexing occurs or is likely to occur 60

— if no flexing occurs or is likely to occur 75

— with temperature marking or temperature rating value marked
Cord sheath used as SUPPLEMENTARY INSULATION | 60

Table 13 Continued on Next Page
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Table 13 Continued

Other current-carrying parts 2™

Parts Maximum temperature
permitted
°C
Rubber other than synthetic when used for gaskets or other parts, the deterioration of which could
impair compliance with this standard:
— when used as SUPPLEMENTARY INSULATION or as REINFORCED INSULATION 65
— inother cases 75
Materials used as insulation other than for wires '1%:
- impregnal.ed.ammhed.i.emw i rd 95
— laminateg bonded with:
melaming formaldehyde, phenol-formaldehyde or phenol-furfural resins 11072d0]
urea-formjaldehyde resins 90 [17%]
— moulding$ of !
phenol-fofmaldehyde, with cellulose fillers 110 [2d0]
phenol-fofmaldehyde, with mineral fillers 125 [235]
melaming-formaldehyde 100 [175]
urea-formfaldehyde 90 [17%]
polyesterwith glass fibre reinforcement 135
pure micqd and tightly sintered ceramic material when such products are used‘as 425
SUPPLEMENTARY INSULATION or REINFORCED INSULATION
other thermosetting materials and all thermo-plastic material ! -
All ACCESS|IBLE SURFACES except those of ACTUATING MEMBERS, handles, knobs, grips 85
and the like
ACCESSIBLE SURFACES of handles, knobs, grips and the-like used for carrying and
transporting the CONTROL:
— of metal 55
— of porceldin or vitreous material 65
— of mouldgd material, rubber or wood 75
ACCESSIBLE SURFACE of ACTUATING MEMBERS, or of other handles, grips or the like which
are held for ghort periods only:
— of metal 60
— of porceldin or vitreous material 70
— of mouldgd material, fubber or wood 85
Wood in gengral 90
Supported painted\plywood surface 85
Current-carryingparts-madeofcopperorbrass2oL 236
Current-carrying parts made of steel # 400

@ For these parts, the tests of 14.7 are repeated after Clause 17.
® The classification is in accordance with IEC 60085.

resins.

Examples of class B material are: glass fibre, melamine and phenol formaldehyde resins.

Examples of class E material are:

furfural resins;

Examples of class A material are: impregnated cotton, silk, artificial silk and paper; enamels based on oleo- or polyamide

— mouldings with cellulose fillers, cotton fabric laminates and paper laminates, bonded with melamine- formaldehyde, phenol-

Table 13 Continued on Next Page
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Table 13 Continued

Parts Maximum temperature

°C

permitted

— cross-li

For totall
motor is
not nece

¢ To allow fol
the points a
with square
square brac]

4 The value

where:
Atis the

R, is the
R, is the
t; is the
t, is the
At the be

Itis reco
soon as

The max

¢ For small
permitted wi

ascertairling the resistance at the instant of.switching off.

nked polyester resins, cellulose triacetate films, polyethylene terephthalate films;

— varnished polyethylene terephthalate textile bonded with oil modified alkyd resin varnish;

— enamels based on polyvinylformal, polyurethane or epoxy resins.

b motor so constructed that the circulation of the air between the inside and the outside of the case is.pre
bsarily sufficiently enclosed to be called airtight.

F the fact that the temperature of windings of universal motors, relays, solenoids, etc., is usually below the|
cessible to thermo-couples, the figures without square brackets apply when the resistance method is use
brackets apply when thermocouples are used. For the windings of vibrator coils and a.c. motors, the figur
ets apply in both cases.

bf the temperature rise of a copper winding is calculated from the formula:

R2 _Rl
1

emperature rise;

resistance at the beginning of the test;

resistance at the end of the test;

orking ambient temperature at the beginning of the\test, to be set at T,,,.;
orking ambient temperature at the end of the tesf;

ginning of the test, the windings are to be at T,y

mmended that the resistance of windings'at the end of the test be determined by taking resistance measu
ossible after switching off, and then\at.short intervals so that a curve of resistance against time can be pl

mum temperature attained for'the purposes of Clause 14 is derived by adding the temperature rise to T,

indings with a cross section, the minor dimension of which is no greater than 5 mm, the maximum tempe
hen measured by the resistance method is:

More extensive accelerated temperature tests and, in addition, compatibility testing is required for insulation systems of class B
and higher temperature classes.

hclosed
ented but

average at
d and those
bs without

ements as
tted for

-

rature

terminals.

Class °C
A 105
E 120
B 130
H 180

fFor CONTROLS submitted in or on equipment, only the temperatures of terminals for fixed conductors are verified, as such
equipment are not usually delivered with EXTERNAL CONDUCTORS. For equipment with other than terminals for fixed
conductors, the temperature of the insulation of the EXTERNAL CONDUCTOR is determined instead of the temperature of the

In the USA, the maximum temperature permitted is 75 °C. Higher temperatures are permitted if the CONTROL is marked with the
required T rating for the EXTERNAL CONDUCTORS.

9 For incorporated and INTEGRATED CONTROLS, no temperature limit is applicable, but attention is drawn to the fact that most
equipment standards limit the temperature of terminals of fixed appliances to 85 °C, which is the maximum allowable temperature
for ordinary PVC cable insulation. The maximum temperature recorded should not exceed the value declared in Table 1,
requirement 21.

Table 13 Continued on Next Page
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Table 13 Continued

Parts

Maximum temperature
permitted

°C

When a CONTROL is incorporated/integrated into an appliance, the terminals for EXTERNAL CONDUCTORS will, as part of
the appliance, be subject to the specified tests of the appliance standard and assessed for compliance with the temperature
limits of that standard.

" The temperature measured shall not exceed 85 °C unless a higher value has been declared by the manufacturer.

i The temperature values given, which are related to heat resistant properties of the material, may be exceeded where particular
materials have been investigated and recognized as having special heat resistant properties.

I The values irsetare-bracketsapoiy-to-thoseparts-ofa-materiatusedforACTFHATHNGM
like and whigh are in contact with hot metal, but are not accessible.

~~~~~~~~~~ gfips and the

K Where a mé¢tal part is in contact with a part made of insulating material it is assumed that the temperature of thie\insulpting

material at the
'The maxim

point of contact is the same as the temperature of the metal part.

materials. THe temperatures shall be recorded for the purposes of Clause 21.

™ The maxin
materials.

" Higher tem

recognized npetallurgical standard. See also footnote m.

m permissible temperatures shall not exceed those which can be shown to be acceptable in sérvice for these
um permissible temperature shall not exceed those which have been shown to be acteptable in service for these

beratures are acceptable for specific copper alloys if substantiated by test data fromthe alloy manufacturgr to a

Table 13DV D2 Replacement:

Table«13DV

Parts

Maximum temperature
permitted °C

Pins of appliance inlets and plug-in devices &
— | for very hot conditions

— | for hot conditions

— | for cold conditions

Windings Pc¢d¢

and core laminations in contact therewith, if winding insulation is:
— | of class A material
— | of class E material
— | of class B material
— | of class /Fmaterial
— | of class\H material

Tefminals and TERMINATIONS for EXTERNAL CONDUCTORS 279PV3)

15%
12
65

100 [pO]
115 [105]
120 [{10]
14
16%
85

Othertermimats and- TERMINATIONS 2

Rubber or polyvinyl chloride insulation of conductors 2:
— if flexing occurs or is likely to occur

— if no flexing occurs or is unlikely to occur

— with temperature marking or temperature rating

Cord sheath used as SUPPLEMENTARY INSULATION |

Rubber other than synthetic when used for gaskets or other parts, the deterioration
of which could impair compliance with this standard: V"

— when used as SUPPLEMENTARY INSULATION or as REINFORCED INSULATION

— inother cases

[

60

75
value marked

60

65
75

Table 13DV Continued on Next Page
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Table 13DV Continued

Parts

Maximum temperature
permitted °C

Materials used as insulation other than for wires i%:
— impregnated or varnished textile, paper or press board

— laminates bonded with:
melamine formaldehyde, phenol-formaldehyde or phenol-furfural resins

urea-formaldehyde resins

— mouldings of |

95

110 [200]
90 [175]

phenol-formaldehyde, with cellulose fillers
phenol-formaldehyde, with mineral fillers
melamine-formaldehyde
urea-formaldehyde

polyester with glass fibre reinforcement

pure mica and tightly sintered ceramic material when such products are used-as
SUPPLEMENTARY INSULATION or REINFORCED INSULATION

other thermosetting materials and all thermo-plastic material '

A|l ACCESSIBLE SURFACES except those of ACTUATING MEMBERS, handles,
kmnobs, grips and the like

A[CCESSIBLE SURFACES of handles, knobs, grips and the like used for carrying
and transporting the control: °V?

of metal
—| of porcelain or vitreous material
—| of moulded material, rubber or wood

ALCCESSIBLE SURFACE of ACTUATING MEMBERS, or of other handles, grips or the
like which are held for short periods only:

—| of metal
—| of porcelain or vitreous material

—| of moulded material, rubbér or wood °V?

ood in general
ipporting painted plywood surface

Lrrent-carryingparts made of copper or brass ™"

ther current-carrying parts ™

bints, on or within a terminal box or compartment on which conductors to be

W
S
(o
Clirrent-carrying-parts made of steel ?
O
P
connected to the control may rest PV

110 [R00]
125 [25]
100 [175]
90 [{75]
135
425

Ot

Solid contacts, busses, and connecting bars °V4

Fuses PV?

Power switching semi-conductors P8

Sealing compounds P9

Capacitors PV®

90
90

2 For these parts, the tests of 14.7 are repeated after clause 17.
b The classification is in accordance with IEC 60085.

Examples of class A material are: impregnated cotton, silk, artificial silk and paper; enamels based on oleo-

or polyamide resins.

Examples of class B material are: glass fibre, melamine and phenol formaldehyde resins.

Table 13DV Continued on Next Page
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Table 13DV Continued

Parts Maximum te
permitt

mperature
ed °C

[

th
wi

°H

er allow for the fact that the temperature of windings of universal motors, relays;'solenoids, etc., is|
befow the average at the points accessible to thermocouples, the figures withotit square brackets agply when

9 The value of the temperature rise of a copper winding is calculated from‘the formula:

where:

temperature permitted when measured by the resistance method is:

Examples of class E material are:

— moldings with cellulose fillers, cotton fabric laminates and paper laminates, bonded with melamine-

formaldehyde, phenol-furfural resins;
- cross-linked polyester resins, cellulose triacetate films, polyethylene terephthalate films;
- varnished polyethylene terephthalate textile bonded with oil modified alkyd resin varnish;

— enamels based on polyvinylformal, polyurethane or epoxy resins.

insulation systems of class B and higher temperature classes.
For totally enclosed motors using class A, E and B material, the temperatures may be increased

A totally enclosed motor is a motor so constructed that the circulation of the air between the insi
outside of the case is prevented but not necessarily sufficiently enclosed to be called airtight.

e resistance method is used and those with square brackets apply when thermocouples are used.
hdings of vibrator coils and a.c. motors, the figures without square brackets apply in both cases.

At = [(Ry —R))/ R ](234,5 1) — (t,— 1))

At is the temperature rise;

R, is the resistance at the beginning of the test;

R, is the resistance at the end of the test;

t, is the working ambient temperature at the-beginning of the test, to be set at T,,.,;
t, is the working ambient temperature at.the end of the test;

At the beginning of the test, the windings are to be at T,,,,,.

It is recommended that the resistance of windings at the end of the test be determined by taking

resistance against time can'bé plotted for ascertaining the resistance at the instant of switching

rise to T -
or small windings with a cross section, the minor dimension of which is no greater than 5 mm, the

More extensive accelerated Eemperaiure tests ana, in aaalflon, compahBlIlEy Eeshng Is requwea Tor

by 5 K.
He and the

usually

For the

esistance

measurements as soon as possible after switching off, and then at short intervals so that a curve| of

bff.

The maximum temperature attained for the purposes of this clause is derived by adding the temperature

maximum

Class °C
A 105
E 120
B 130
F 155
H 180

f For CONTROLS submitted in or on equipment, only the temperatures of terminals for fixed conductors are
verified, as such equipment are not usually delivered with EXTERNAL CONDUCTORS. For equipment with
other than terminals for fixed conductors, the temperature of the insulation of the EXTERNAL CONDUCTOR is
determined instead of the temperature of the terminals.

In the USA, the maximum temperature permitted is 75 °C. Higher temperatures are permitted if the CONTROL is
marked with the required T rating for the EXTERNAL CONDUCTORS.

Table 13DV Continued on Next Page
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Table 13DV Continued

Parts Maximum temperature
permitted °C

9 For incorporated and INTEGRATED CONTROLS, no temperature limit is applicable, but attention is drawn to
the fact that most equipment standards limit the temperature of terminals of fixed appliances to 85 °C, which is
the maximum allowable temperature for ordinary PVC cable insulation. The maximum temperature recorded
should not exceed the value declared in Table 1, requirement 21.

When a CONTROL is incorporated/integrated into an appliance, the terminals for external conductors will, as
part of the appliance, be subject to the specified tests of the appliance standard and assessed for compliance
with the temperature limits of that standard.

h The temperature measured shall not exceed 85 °C unless a higher value has been declared by the
nufacturer.

he temperature values given, which are related to heat resistant properties of the material, may b¢ exceeded
ere particular materials have been investigated and recognized as having special heat resistant groperties.

he values in square brackets apply to those parts of a material used for ACTUATING MEMBERS, handles,

here a metal part is in contact with a part made of insulating material it is assumed that the tempgrature of
the insulating material at the point of contact is the same as the temperature of the\metal part.

he maximum permissible temperatures shall not exceed those which can be_shown to be acceptabple in
service for these materials. The temperatures shall be recorded for the purposes of Clause 21.

se¢rvice for these materials.

igher temperatures are acceptable for specific copper alloys if substantiated by test data from th
nufacturer to a recognized metallurgical standard. See also footnote m.

™IThe maximum permissible temperature shall not exceed those which have been shown to be achotable in

alloy

D

) See sub-clause 12.1.6.
2) Void.

%) The temperature observed on the terminals and at’points within a terminal box of a control for use with
other than a residential appliance that is rated for'continuous use above 25°C (77°F) may exceed th¢ values
specified but may not attain a temperature higher than 90°C (194°F). See DVC.3.1 and DVC.3.2.

“) If contacts of any metal and their supparting blades, busses, and connecting bars attain a température

eater than 90°C (194°F) where a high ambient temperature or other external temperature prevails, or where
affected by a bi-metal heater or other heat source in the assembly, the control shall perform acceptgbly when
slibjected to overload and endurancé tests conducted at the high temperatures involved.
D

=]

=)

g

«Q

5 The maximum acceptable temiperature, corrected to a 25°C (77°F) assumed ambient temperaturg, of a
se¢aling compound is 15°C (27°F)'less than the melting-point temperature of the compound.

DV6) For a capacitor, the maximum allowable temperature is the marked temperature limit of the capdcitor.

=)

") A fuse that has beénjinvestigated and found acceptable for use at a higher temperature may be hised at that

t}m perature.

D\®) For power switching semi-conductors, the maximum temperature rise on the case is the maximyim case

tgmperature for.the applied power dissipation recommended by the semi-conductor manufacturer rinus an
agssumed ambient of 40°C (104°F).

15 Manufacturing deviation and drift

15.1 Those parts of CONTROLS providing a TYPE 2 ACTION shall have adequate consistency of
manufacture with regard to their declared OPERATING VALUE, OPERATING TIME, Or OPERATING SEQUENCE.

NOTE In Canada and the USA, MANUFACTURING DEVIATION and DRIFT are expressed as separate tolerances to the declared
OPERATING VALUE. For some CONTROLS with TYPE 2 ACTION, allowable values of MANUFACTURING DEVIATION and DRIFT
are specified. The consistency is then determined, using prescribed apparatus, by measurement of the OPERATING VALUE of the
sample and comparison to the declared OPERATING VALUE.

15.2 Compliance is checked by the appropriate tests of this clause.

15.3 Forthose CONTROLS which are completely or partially destroyed during their normal OPERATION, the
tests of the appropriate subclauses of Clause 17 are deemed to be sufficient.
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15.4 For those CONTROLS which are dependent on the method of mounting on, or incorporation in an
equipment for their OPERATION the MANUFACTURING DEVIATION and the DRIFT shall be declared separately
and be comparative values. The declared MANUFACTURING DEVIATION should be expressed as a bandwidth

or spread (for example, 10 K) and the DRIFT by an alteration of value (for example, +10 K or +5 K, —10 K).

15.5 The consistency shall be determined as follows:

15.5.1

manufacturer.

conditions

15.5.4 Th
have been

However, the OPERATION of the CONTROL shall be sensed by a suitable device with a sensing

exceeding

15.5.5 Fo
unless speq

1556 Th

each samg
MANUFACTU|

15.5.7 Th
after the er
determined|

15.6 For't

incorporatid
CONTROLS,

determinati

15.6.1 Th
declaration

e electrical conditions of the test shall normally be Vg max @nd I gay-unless different
Heclared in requirement 41 of Table 1.

D,05 A.

' SENSING CONTROLS, the rate of change of ACTIVATING QUANTITY shall be any sui
ific values have been declared in requirement<37 of Table 1.

o appropriate OPERATING VALUE, OPERATING TIME or OPERATING SEQUENCE shall be ré

le. No two samples shall differ from* each other by an amount exceeding th
RING DEVIATION.

e recorded values are also used as reference values for each sample, so that the r
vironmental tests of Clause-16 and the endurance test of Clause 17 will enable 1

hhose CONTROLS Which are not dependent for their OPERATION on the method of mou

n in, an equipment (for example, TIMERS, current SENSING CONTROLS, voltag
ENERGY REGULATORS or the drop-out current of ELECTRICALLY OPERATED CONT

bn of consistency shall be as follows:

e MANUFACTURING DEVIATION, and/or the DRIFT may be an absolute value. In this cas
cembining both the MANUFACTURING DEVIATION and the DRIFT may be made.

Test apparatus used shall be such that the CONTROL is mounted in the manner declared by the

TION of the

RESPONSE
tticable the

conditions

current not

able value

bcorded for
b declared

bpeat tests
DRIFT to be

nting on, or
e SENSING
ROLS), the

e, a single

15.6.2 The appropriate OPERATING VALUE, OPERATING TIME Or OPERATING SEQUENCE shall be initially
measured for all samples and be within the limits declared by the manufacturer.

15.6.3 Test apparatus shall be such as to simulate the most arduous conditions of NORMAL USE declared.

15.6.4

If a DRIFT value has been declared separately in requirement 42 of Table 1, the measured values

for each sample shall be recorded as a reference value, so that the repeat tests after the environmental
tests of Clause 16 and the endurance tests of Clause 17 will enable the DRIFT to be determined.

15.7 See Annex J.

15.8 See Annex J.
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16 Environmental stress

16.1 Transportation and storage

CONTROLS which are sensitive to the environmental stresses of temperature shall withstand the level of the
appropriate stress likely to occur in transportation and storage.

16.1.1  Compliance is checked by the appropriate tests of 16.2, carried out with the CONTROL being left in

the same condition declared as a transportation condition. If no transportation condition is declared, the
CONTROL is tested with an ACTUATING MEMBER or ACTUATING MEANS in the most unfavourable position.

16.2 Environmental stress of temperature
16.2.1 THe effect of temperature is tested as follows:
— The entirne CONTROL shall be maintained at a temperature of (—10 = 2) °C for a period of 24 h.

— The entirne cCONTROL shall then be maintained at a temperature of (60 + 5) *C)for a period of 4

=

NOTE In Finland, Norway, and Sweden, different values of temperature and time may apply
16.2.2 THe CONTROL is not energized during either test.

16.2.3 Affer each test, a CONTROL with an ACTUATING MEMBER or ACTUATING MEANS shall be| capable of
being actuated to provide correctly the class of circuit diSconnection declared, in so far as fthis can be
determined without dismantling the CONTROL. This testis carried out at normal room temperature.

The CONTROL is held at room temperature for 8 k/prior to ACTUATION.

16.2.4 In|addition, for CONTROLS with TYPE2 ACTIONS, the appropriate test of Clause 15 shall be repeated
after each pf the above tests. The value measured in these tests shall not differ from the value|recorded in
Clause 15|for the same sample, by ah'amount greater than the DRIFT declared in requirement|42 of Table
1

17 Endurance

17.1 General requirements

electrical and thermal stresses that occur in NORMAL USE.

17.1.1 CONTROLS, including those submitted in or with an equipment, shall withstand the rlnechanical,

17.1.2 CONTROLS with TYPE 2 ACTIONS shall operate such that any OPERATING VALUE, OPERATING TIME or
OPERATING SEQUENCE does not change by an amount greater than the declared DRIFT.

17.1.2.1 Compliance with 17.1.1 and 17.1.2 is checked by the tests of 17.1.3 as indicated in 17.16.

17.1.3 Test sequence and conditions
17.1.3.1 In general, the sequence of tests is:

— an ageing test specified in 17.6 (this test applies only to those actions classified as type 1.M or 2.M),
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— an overvoltage test of AUTOMATIC ACTION at accelerated rate specified in 17.7. (In the USA and Canada
and all countries using an overload test, this test is replaced by an overload test);

— a test of AUTOMATIC ACTION at accelerated rate specified in 17.8;

— a test of AUTOMATIC ACTION at slow rate specified in 17.9 (this test applies only to SLOW-MAKE SLOW-BREAK
AUTOMATIC ACTIONS);

— an overvoltage test of MANUAL ACTION at accelerated speed specified in 17.10. (In the USA and Canada
and all countries using an overload test, this test is replaced by an overload test);

— a test of MANUAL ACTION at slow speed specified in 17.11;

— a test of MANUAL ACTION at high speed specified in 17.12 (this test applies only to actions withl more than
one pole, ahd where polarity reversal occurs during the OPERATION);

IANUAL ACTION at accelerated speed specified in 17.13.

he electrical, thermal and mechanical conditions of test shalkin’ general be those $pecified in
nd 17.4. The general test requirements are given in 17.6 te_17.14 inclusive. The palticular test
s are given in the appropriate part 2.

17.1.3.3
subclause
inclusive a

ests for a MANUAL ACTION forming part of an AUTOMATIC ACTION are normally spedified in the
ppropriate to the AUTOMATIC ACTION. If, however; tests are not specified, then 17.10 to 17.13
ply to such MANUAL ACTIONS.

17.1.3.4 After all the tests specified the samples:shall meet the requirements of 17.14, unless otherwise
specified in|the appropriate part 2.

17.1.4 Sep Annex H.
17.2 Electrical conditions for the tests

17.2.1 Each circuit of the~E€ONTROL shall be loaded according to the ratings declared by the
manufacturer. Circuits an@ contacts which are not intended for external loads are operatgd with the
designed Igad. Some changeover circuits may require testing separately for each part if such a manner
has been declared by-the manufacturer, particularly if the rating of one part of the changeover circuit
depends ugon the current carried by the other part.

17.2.2 In gll.countries which use an overvoltage test, the electrical loads to be used are those specified
in Table 14 at rated voltage Vg, with this voltage then being increased to 1,15 V for the overvoltage test of
17.7 and 17.10. Canada, and the USA do not use the overvoltage test.

17.2.3 In Canada, the USA, and all countries which use an overload test, the conditions specified in Table 15 and Table 16 apply.
The overload tests are performed on a single pole or throw at a time, with all other poles or throws at normal load.

17.2.3.1 InCanada, the USA, and all countries using an overload test, test voltages (V) are:
— 120V for CONTROLS rated at any voltage between 110 V to 120 V;
— 240V for CONTROLS rated at any voltage between 220 V to 240 V;

— 277 V for CONTROLS rated at any voltage between 254 V to 277 V;
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—480 V for CONTROLS rated at any voltage between 440 V to 480 V;

— 600 V for CONTROLS rated at any voltage between 550 V to 600 V.

17.2.3.2 If the rating of the CONTROL does not fall within any of the indicated voltage ranges, it is to be
tested at its rated voltage.

17.2.4 When there is an earthed neutral system, the enclosure shall be connected through a 3 A
cartridge fuse to the PROTECTIVE CONDUCTOR of the circuit, and for other than an earthed neutral system,
the enclosure shall be connected through such a fuse to the live pole least likely to break down to earth.

17.2.5 Fqrtype 1.G or 2.G actions, or other off-load actions, auxiliary switches are used tg §imulate the
intended OPERATION during the test.
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Table 14
(17.2.1 of edition 3) — Electrical conditions for the overvoltage test

(this table applies in all countries except Canada, and the USA)

Type of circuit AC circuit DC circuit
Operation \' A Power factor \' A Time constant
as classified in 6.2 (+0,05) @ (1 ms)
Substantially resistive Making and breaking Vr Ir 0,95 Vr Ir Non-inductive
(classified 6.2.1)
Resistive or inductive Making ° Vr 6,0 Iy or I if 0,6, 0,95 Vr 2,5 Ixor g if 7,5
(classified 6.2.2) arithmetically the arithmetically the
greater greater
Breaking VR Iy or I if arithmetically 0,95 Iy or Ig if Non-inductive
the greater arithmetically the
greater
Declared specific load Making and breaking Vr As determined by load Vr As determined by load
(classified 6.2.3)
20 mA load (classified Makihg and breaking VR 20 mA 0,95 VR 20 mA Non-inductive
6.2.4)
Declared motor load Making and breaking Vr As declared Vr As declared
(classified 6.2.5)
PILOT DUTY load Making VR 10 VA/ Vg 0,35 c
(classified 6.2.6) Breakin Vk VA/ Vg 0,95

@ Resistors and inductors are not conn
in parallel with it. Iron-core inductors m|

® The specified making conditions are
any test to this clause, contact break o

¢ These values are not applicable.

bcted in parallel except that if any air-core inductor is used, a resistor taking approximately 1 % of the curr,
Ay be used provided that the current has a substantially sine waveform. For three-phase tests, three-core

naintained for a period hetween 50 ms and 100 ms, and are then reduced by an auxiliary switch to the sp
Ccurs within 2 s of contaet'make, the conditions specified for making are also used for breaking.

ent through the inductor is connected
inductors are used.

bcified breaking conditions. If during
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Table 15

(17.2.2 of edition 3) — Electrical conditions for the overload tests of 17.7 and 17.10

(this table applies in Canada, USA, and all countries which use an overload test)

Type of circuit Operation AC circuit DC circuit
\' A Power factor \' A
Substantially resistive
(classified 6.2.1) Making and breaking Vy 1,5 I 1,0 Vi 1,5 g
Inductive
(non-motor) Making and breaking Vy 1,5 Ix 0,75-0,8 Vi 1,5 Ix
Declared motor load 0,4-0,50ras
(classified 6.2.5) Making and breaking Vy 6 I, or as declared declared Vr 10 I,, or as declared
Declared specific load
(classified 6.2.3) Making and breaking Vi 1,5 Ix 0,75<0,8 Vi 1,5 Ik
20 mA load
(classified 6.2.4) Making and breaking Vi 1,5 Ix 0,95 Vk 20 mA Non-inductive
Making 1,1V 10 VA/ V¢
PILOT DUTY load _ VA/ Vror as 0,35 maximum or
(classified 6.2.6) Brealfing 1,1 Vy declared as declared As declared
The following abbreviations are used:
VR is the rated voltage, V7 is the test vpltage (see 17.2.3.1). A circuit in which the closed-circuit voltage is 100 % to 110 % of V; is acceptable for the tests.

I, is the rated current or motor load, /5

For test purposes, a PILOT DUTY loafl consists of an electromagnet representative of the magnet coil which is to be controlled. The normal cur
electromagnet. The test curreft is'the normal current and, for an alternating current, the power factor is tg
CURRENT is to be 10 times the normal current. The test contactor-is to be free to operate i.e., not blocked in either the open or the closed positi

voltage and volt-ampere ratings of the

An alternating-current PILOT DUTY r4

— during the overload test, the CONTH
motor current at a power factor of 0,5

—the PILOT DUTY INRUSH CURREN
For Canada, PILOT DUTY, the AC cir
For CONTROLS that may make a mo

is the rated current for resistive load, /x is the rated current for induction load.

uit voltage.value is 1,2 V7 for making and breaking operation.

ting may be determinedfor a CONTROL which has been tested for controlling an alternating-current mot

OL was caused tofmake and break, for 50 cycles at a rate of 6 cycles per minute, a current having a valu
Dr less, and

T rating (10times the normal current rating) is to be not more than 67 % of the current value for the overl

or ¢ircuit under locked rotor conditions but that are never required to break the circuit under such conditio|

tent is that determined from the
be 0,35 or less and the INRUSH
on.

br on the following basis:

b equivalent to six times the full-load

ad test described above.

hs, the following applies

—for Table 15:

a) 100 % V5 for a.c. and 0,5 V; for d.c. for 1,5 rated current

b) 100 % V7 for locked-rotor current (make only)

—for Table 16:

Table 15 Continued on Next Page



https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

142

UL 60730-1

OCTOBER 18, 2021

Table 15 Continued

Type of circuit

Operation

AC circuit

DC circuit

\L

Power factor

\L

A

above.

100 % V5 for a.c. and 0,5 V; ford.c.

A switch that is not intended primarily t
so used, shall comply with the requiren

For a switch intended for d.c. OPERAT]

b make and break motor current under locked-rotor conditions, but which has a manual adjusting-or hegul
hents of 17.7 for a locked-rotor test.

ION, the number of OPERATIONS shall be five (5), conducted at intervals of 30 s and the/device shall als|

ating means that may cause it to be

b comply with the requirements of a)
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Table 15DV D2 Replacement:

Table 15DV
Type of circuit Operation A.C. circuit D.C. circuit
Power
\' A Factor \' A
Substantially
resistive
(classified Making and
6.2.1) breaking Vi 1,51k 1,0 Vi 1,51k
Inductive Making and
(rfon-motor) breaking Vi 1,5 Iy 0,75-0,8 Vi 1,5 Iy
Dgclared motor
lgad (classified Makin_g and 6/, o0ras 0,4-0,50r 10 I, or as
6.2.5) breaking Vi declared as declared Vi declared
Incandescent .
(Tlungsten) Making and
ldads? breaking Vi 1,5k 0,75-0,8 Vi 1,51k
Electrical
D|scharge lamp
lgads (Magnetic | Making and
Bhllast) breaking Vi 3,0 Ix 0,4-0,5 - -
PILOT DUTY Making 1,1Vp 10 VA/V; 0.35
Idad (classified . VA/ Vzoras | maximum or
6.2.6) Breaking 1,1V déclared as declared As declgred
The following abbreviations are used:
is the rated voltage, V; is the test voltage (se€\17.2.3.1). A circuit in which the closed-circuit voltage is 100 —
110 % of V; is acceptable for the tests.

I{ is the rated current for motor load, I is the rated current for resistive load, Iy is the rated currentIr
|

For test purposes a PILOT DUTY load-consists of an electromagnet representative of the magnet cojl which is
td be controlled. The normal curréent'is that determined from the voltage and volt-ampere ratings of the
electromagnet. The test current is the normal current and for an alternating current the power factoj is to be
0,35 or less and the inrush current is to be 10 times the normal current. The test contactor is to be friee to
operate i.e., not blocked:in\either the open or the closed position.

Ah alternating-currentPILOT DUTY rating may be determined for a control which has been tested fqr
controlling an alternating-current motor on the following basis:

uring the overload test the control was caused to make and break, for 50 cycles at a rate of 6 cycles per
inute, a current having a value equivalent to six times the full-load motor current at a power factor{of 0,5 or
s, and

—thepilot duty inrush current rating (10 times the normal current rating) is to be not more than 67 % of the
ctirrent value for the overload test described above.

For controls that may make a motor circuit under locked rotor conditions but that are never required to break
the circuit under such conditions, the following applies:
— for Table 15:

a) 100 % V; for a.c. and 0,5 V4 for d.c. for 1,5 rated current

b) 100 % V4 for locked-rotor current (make only)

—for Table 16:

Table 15DV Continued on Next Page
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Table 15DV Continued

Type of circuit Operation A.C. circuit D.C. circuit

Power
\" A Factor \" A

100 % V; for a.c. and 0,5 V; for d.c.

A switch that is not intended primarily to make and break motor current under locked-rotor conditions, but
which has a manual adjusting or regulating means that may cause it to be so used, shall comply with the
requirements of 17.7 for a locked rotor test.

Fdra switch intended for d.c. , the number o shall be five (5), conducted &t intervals
of B0 s and the device shall also comply with the requirements of a) above.

2 As an alternative to the specified load, the Overload test can be conducted using Incandescent (Tupgsten)
lamp loads. The method described in Note b of Table 16DV may be utilized with an overload current ¢f 1,5 I.
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Table 16

(17.2.3 of edition 3) — Electrical conditions for the endurance tests of 17.8, 17.9, 17.11, 17.12 and 17.13

(this table applies in Canada, USA, and all countries which use an overload test)

Type of circuit Op¢ration AC circuit DC circuit
\' A Power factor \' A
Substantially resistive
(classified 6.2.1) Making gnd breaking Vy I 1 Ve IR
Inductive
(non-motor) Making gnd breaking Vy Iy 0,75-0,8 Vi Iy
I, or as
Declared motor load determined by 0,75-0,8 or,as
(classified 6.2.5) Making gnd breaking Vy load declared Vi In
Declared specific load
(classified 6.2.3) Making gnd breaking Vi As determined by load? Vi As determined by load?®
20 mA load
(classified 6.2.4) Making gnd breaking Vi 20 mA 0,95 Vi 20 mA Non-inductive
Mpking Vi 10 VA/ V;
PILOT DUTY load _ VA/ Vroras 0,35 maximum or
(classified 6.2.6) Breaking Vi declared as declared As declared

The following abbreviations are used:
Vris the rated voltage, V7 is the test V]
I, is the rated current for motor load, |

NOTE For test purposes a PILOT DU
voltage and volt-ampere ratings of the
CURRENT is to be 10 times the norm

An alternating-current PILOT DUTY r4

— during the overload test the CONTR]
motor current at a power factor of 0,5

—the PILOT DUTY INRUSH CURREN

“@ A control may be operated faster th
each bank will cool for at least 59 sec

bltage (see 17.2.3.1).
L is the rated current for resistive load; /y is the rated current for induction load.

['Y load consists of an electromiagnet representative of the magnet coil which is to be controlled. The norn
electromagnet. The test current’is the normal current and for an alternating current the power factor is to
bl current. The test contactor is to be free to operate i.e., not blocked in either the open or the closed posit

ting may be determined/for a CONTROL which has been tested for controlling an alternating-current mot

OL was caused to make and break, for 50 cycles at a rate of 6 cycles per minute, a current having a valug
Dr less, and

T rating (10)times the normal current rating) is to be not more than 67 % of the current value for the overl

hn 1.cycle per minute if synthetic loads are used or if a sufficient number of banks of lamps controlled by &
nds\between successive applications.”

al current is that determined from the
be 0,35 or less and the INRUSH
on.

br on the following basis:

equivalent to six times the full-load

ad test described above.

commutator are employed so that
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Table 16DV D2 Replacement:

Table 16DV
Type of circuit Operation A.C. circuit D.C. circuit
Power
v A factor \' A
Substantially
resistive Making and
(classified 6.2.1) | breaking Vi Ik 1 Vi I
Inductive. Making-and
(npn-motor) breaking Vi Iy 0,75-0,8 Vi Iy
D¢gclared motor I, or as
lodd (classified Making and determined 0,75-0,8 or
6.2.5) breaking V; by load as declared Vi, Iy
In¢gandescent .
(1' ngsten) Makln_g and
breaking Vq I 1 vy I
EI ctrical
Digcharge lamp
loads (Magnetic | Making and
B4llast) breaking Vi 2,0 Ix 0,4-0,5 - -
Elgctrical
Discharge lamp
lojads
(Electronic
Bgllasts, CFLs,
LED drivers, Making and
et¢) breaking Vi c c - -
PILOT DUTY Making 11V 10 VA/ V4 0,35
load (classified ) VA/ Vzoras | maximum or
6.2.6) Breaking 141 vy declared as declared As declared
The following abbreviations are used:
Vylis the rated voltage, V; is thé test voltage (see 17.2.3.1).
I s the rated current for motor load, I; is the rated current for resistive load, Iy is the rated current fqr
indluction load.
a) For test purposes-a PILOT DUTY load consists of an electromagnet representative of the magnet ¢oil which
is fo be controlled, The normal current is that determined from the voltage and volt-ampere ratings of the
el¢ctromagnet, The'test current is the normal current and for an alternating current the power factorjis to be
0,35 or less and-the inrush current is to be 10 times the normal current. The test contactor is to be frge to
operate i.el, not blocked in either the open or the closed position.
Ar] alternating-current PILOT DUTY rating may be determined for a control which has been tested fo
controlling an alternating-current motor on the following basis:

- during the overload test the control was caused to make and break, for 50 cycles at a rate of 6 cycles per
minute, a current having a value equivalent to six times the full-load motor current at a power factor of 0,5 or
less, and

— the pilot duty inrush current rating (10 times the normal current rating) is to be not more than 67 % of the
current value for the overload test described above.

b) For tungsten loads, the cycle times shall be 1 s “on”, 59 s “off” if tungsten lamps are used as the loads. A

control may be operated faster than 1 cycle per minute if synthetic loads are used or if a sufficient number of
banks of lamps controlled by a commutator are employed so that each bank will cool for at least 59 seconds

between successive applications.

If tungsten-filament lamps are used as the load, the load is to be made up of the smallest possible number of
500-watt lamps, or of larger lamps if agreeable to those concerned; except that one or two lamps smaller than
the 500-watt size may be used if necessary to make up the required load.

Table 16DV Continued on Next Page
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Table 16DV Continued

Type of circuit Operation A.C. circuit D.C. circuit

Power
\") A factor \")

A

A synthetic load may be used in place of tungsten-filament lamps if it is equivalent to a tungsten-filament lamp
load on the test circuit in question, and the inrush current is at least ten times the normal current. A synthetic
load used in place of tungsten-filament lamps may consist of noninductive resistors if they are connected and
controlled so that a portion of the resistance is shunted during the closing of the switch under test. A synthetic
load may also consist of a noninductive resistor or resistors that are connected in parallel with a capacitor.

c) Devices rated 120 and 277 VAC, intended to control electronic ballast, CFL, LED drivers and similar loads up
to 16 amps of steady state current shall be endurance tested using the load in accordance with Clause

1]

.101DV.

17.3 Thermal conditions for the tests

17.3.1  Fa

— those pa
to normal 1

— the mounting surface of the control shall be maintained betwéen' Tsyay, and either (Tgpay + 5)

times Tgp,

— the rema
Tuax, WhicH
HEAD main

17.3.2 Di
each test.

Additional
17

10

whichever is)greater and at Tg,,,,, for controls classified under 6.12.2.

17.4 Manuaband mechanical conditions for the tests

pom temperature (see 4.1);

whichever is greater;

inder of the SWITCH HEAD shall be maintained-between T,,.x and either (T,,.x + 5) °C o
ever is greater. If T,,;, is less than 0 °C,~additional tests shall be carried out with
ained between T,,, and (T,;,— 5) °C.

iring the tests of 17.8 and 17.13, ‘the temperatures of 17.3.1 are applied for the I,
For the first 50 % of each test the SWITCH HEAD is maintained at normal room tempere

samples will be required(if tests have to be performed at both temperatures (Ty.x ana
3.2DV D2 Modification of 17.3.2 by adding the following text:

D% of the tests in 17.3.1 and 17.3.2 will be run at room ambient temperaty

r parts of the CONTROL other than any temperature SENSING ELEMENT, the following snall apply:

rts which are accessible when the CONTROL is mounted in a.deelared manner shall be exposed

°C, or 1,05

r 1,05 times
the swiTcH

ast 50 % of
ture.

Tmin) .

re or TMAX!

17.4.1 For all MANUAL ACTIONS, each cycle of ACTUATION shall consist of a movement of the ACTUATING
MEMBER such that the CONTROL is successively moved into all positions appropriate to that action and then

returned to its starting point; except that if a CONTROL has more than one intended OFF POSITION, then each

MANUAL AC

TION shall be a movement from one OFF POSITION to the next OFF POSITION.

17.4.2 The speed of movement of the ACTUATING MEMBER shall be:

— for slow speed:

(9 £ 1)° per s for rotary actions;

(5 £ 0,5) mm/s for linear actions;
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— for high speed:

the ACTUATING MEMBER shall be actuated by hand as fast as possible. If an ACTUATING MEMBER is not
supplied with a CONTROL then a suitable ACTUATING MEMBER shall be fitted by the testing authority
for the purpose of this test;

— for accelerated speed:

(45 £ 5)° per s for rotary actions;

(25 £ 2,5) mm/s for linear actions.

17.4.3 Du

care is takq
between th

17.4.4 Dy

—careis ta
it does not

— for CONTR
* the

e a

extr
eith
min
whidg
Nm,

ring the slow speed test of 17.4.2:

n that the test apparatus drives the ACTUATING MEMBER positively, without. significar
b apparatus and the ACTUATING MEMBER.

ring the accelerated speed test of 17.4.2:

en to determine that the test apparatus allows the ACTUATING MEMBER to operate fre
nterfere with the normal action of the mechanism;

OLS where the movement of the ACTUATING MEMBER-S\Jimited:
re shall be a dwell period of not less than 2 s at.each reversal of direction;

forque (for rotary CONTROLS), or a force((for non-rotary CONTROLS) shall be app
bme of each movement to verify the strength of the limiting end stops. The torqt
br five times the normal actuating-torque, or 1,0 Nm, whichever is the smaller,
mum of 0,2 Nm. The force shall~be either five times the normal actuating force
hever is the smaller, but with asminimum of 9 N. If the normal actuating torque e
or the normal actuating force exceeds 45 N, then the torque or force applied shall b

as the normal actuating torque:or force;

— for CONT
three quart,
and one qu

— for CONTH
direction, p
torques spe

ROLS designed for a-yotary ACTUATION where the movement is not limited in eithe
brs of the number_of cycles of ACTUATION in each test shall be made in a clockwis
arter in an anti-clockwise direction.

OLS which~are designed for ACTUATION in one direction only, the test shall be in th
rovided:that it is not possible to rotate the ACTUATING MEMBER in the reverse directio
cified’above.

it backlash

ely, so that

lied at the
e shall be
but with a
, or 45 N,
kceeds 1,0
b the same

r direction,
b direction,

b designed
h using the

17.4.5 Ad

ditional lubrication shall not be applied during these tests.

17.5 Dielectric strength requirements

17.51

After all the tests of this clause, the requirements of 13.2 shall apply, with the exception that the

samples are not subjected to the humidity treatment before the application of the test voltage. The test

voltages sh

all be 75 % of the corresponding test voltages shown in 13.2.

NOTE In Canada and the USA, the test voltage shall be that given in 13.2.
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17.6 Ageing test

17.6.1  During this test, the SENSING ELEMENT shall be maintained at that value of the ACTIVATING QUANTITY
determined and used in Clause 14. Other parts shall be maintained as specified in 17.3. CONTROLS are
electrically loaded as specified in 17.2 for the appropriate breaking condition. The duration of the test is
(100 + 0,02 y) h where "y" is the value declared in 7.2. The test applies to CONTROLS with actions classified
as type 1.Mor 2.M.

17.6.2 If during this test, the action being tested operates, the value of the ACTIVATING QUANTITY is
increased or decreased to cause reverse OPERATION and then returned to a value differing by a quantity "x"
from the original to enable the test to be resumed. This procedure may be repeated as many times as is
necessary|to complete the test, or until, when repeating the appropriate procedure of Clause 1, the DRIFT
limits declgred in 7.2 are exceeded. The value of "x" is given in the appropriate part 2.

17.7 OvTvoItage test (or overload test in Canada, the USA, and all countries using an gverload
test) of aukomatic action at accelerated rate

17.7.1 TRe electrical conditions shall be those specified for overvoltage (ofoyerload conditions) in 17.2.
17.7.2 TRe thermal conditions shall be those specified in 17.3.
17.7.3 The method and rate of OPERATION is:

— for TYPE|1 ACTIONS, the rate of OPERATION and the method of OPERATION shall be agreed hetween the
testing authority and the manufacturer;

— for TYPE 2 ACTIONS, the method of OPERATION shall be that intended by design. For type 2 senging actions
the rate of|OPERATION can be increased, eitherfathe maximum cycling rate declared in Table {, or so that
the rates of change of ACTIVATING QUANTITY do not exceed a, and 3, declared in the same subclause.

NOTE 1 Exafnples of such methods are the replacement of the capillary of a hydraulic system with an air pressurg device or the
fitting of a PRIME MOVER of a different spegd.

— Type 2 CPNTROLS are tested-at'the most unfavourable OPERATING VALUE declared in Table 1, fequirement
48.

NOTE 2 For temperature and-pressure operated CONTROLS, this is normally the maximum value.

17.7.4 Fqr type-2Sensing actions, overshoot at each OPERATION shall be between the values|declared in
7.2

17.7.5 It is permissible in the case of sensing actions to increase the rates of change of ACTIVATING
QUANTITY, or for other TYPE 1 ACTIONS to override the PRIME MOVER between OPERATIONS, provided that this

does not significantly affect the results.

17.7.6 The number of automatic cycles for the test is either one tenth of the number declared in 7.2, or
200, whichever is the smaller.

17.7.7 During the test, ACTUATING MEMBERS are placed in their most unfavourable position.

NOTE In Canada and the USA where the overload test applies, the number of cycles is 50.
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17.8 Test of automatic action at accelerated rate

17.8.1 The electrical conditions shall be those specified in 17.2.

17.8.2 The thermal conditions shall be those specified in 17.3.

17.8.3 The method and rate of OPERATION shall be as used during the test of 17.7.3.

17.8.4 The number of automatic cycles (except as shown below for SLOW-MAKE SLOW-BREAK AUTOMATIC

ACTIONS) shall be that declared in 7.2 less the number of cycles actually made during the test of 17.7.
During the test, ACTUATING MEMBERS shall be placed in their most unfavourable position. During the test,

the FAILURE
of the test,
cause of re
agreed alfe
completed.

17.8.4.1
referred to
17.9.

F

NOTE In Cand

17.9 Test

1791 sL
of automati

179.2 Th

179.3 Th
SENSING EL|
QUANTITY S

increase th
PRIME MOVE
CONTROLS,
TYPE 2 ACTI
OPERATING

g
J

17.9.3.1

of any component part of a TYPE 1 ACTION which is not significant according to the e
and which is considered to have failed as a result of the acceleration of the test,|sh
jection, provided that it can be repaired or replaced, or that the test can bé conti
rnative manner, such that the total number of automatic cycles referred to in }

for SLOW-MAKE SLOW-BREAK AUTOMATIC ACTIONS, only 75 % of the-humber of autom
n 17.8.4 shall be carried out during this test. The remaining 25%.are carried out as

da and the USA, the number of cycles is specified for TYPE 2 ACTIONS and some TYPE 1 ACTIONS.
of automatic action at slow rate

DW-MAKE SLOW-BREAK AUTOMATIC ACTIONS shall be tested for the 25 % remainder of 1
C cycles specified in 17.8.

e electrical and thermal conditions shall be as specified in 17.2 and 17.3.

e method of OPERATION is eithér by imposing a change of value of ACTIVATING QUAN
EMENT, or by the PRIME-MOVER. For SENSING CONTROLS, the rates of change of
hall be a, and B; as deeclared in 7.2. It is permissible, in the case of a SENSING (
e rates of change Of ACTIVATING QUANTITY, or for other AUTOMATIC CONTROLS to 0
R, between OPERATIONS, provided that this does not significantly affect the results. H
pvershoot at each-©@PERATION shall be between the values declared in 7.2. During th

Huirements
bl not be a
nued in an
(.2 can be

atic cycles
specified in

he number

TITY on the
ACTIVATING
ONTROL to

verride the
or SENSING
s test for a

DN, continuous“monitoring is essential to provide a record of OPERATING VALUE, ovérshoots or

BEQUENCES:

buch menitoring is also recommended for other CONTROLS to determine consistency

bf testing.

17.9.4 Ifd

nly the make or the break is a slow AUTOMATIC ACTION, then it may, hy ngrppmpnf )

etween the

testing authority and the manufacturer, be possible to accelerate the rest of the action, to which the details
of 17.8 apply.

17.10 Overvoltage test (or overload test in Canada USA and all countries that use the overload

test) of ma

17.10.1

nual action at accelerated speed

The electrical conditions shall be those specified for overvoltage (or overload) in 17.2.

17.10.2 The thermal conditions shall be those specified in 17.3.

17.10.3 The method of OPERATION shall be that specified in 17.4 for accelerated speed. The number of
cycles of ACTUATION shall be either one tenth of the number declared in 7.2 or 100, whichever is smaller.
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During the test, SENSING ELEMENTS are maintained at suitable values of ACTIVATING QUANTITY, and PRIME
MOVERS are so positioned as to ensure that ACTUATION causes the appropriate OPERATION.

17.10.4 In Canada and the USA where the overload test applies, the number of cycles is 50.
17.11 Test of manual action at slow speed
17.11.1  The electrical conditions shall be those specified in 17.2.

17.11.2 The thermal conditions shall be those specified in 17.3.

17.11.3 The method of OPERATION shall be that specified in 17.4 for slow speed.

17.11.4 Tlhe number of cycles of ACTUATIONS shall be either one tenth of the number declargd in 7.2 or

100, whichever is smaller. During the test, SENSING ELEMENTS are maintained, at"* suitabl¢ values of
ACTIVATING| QUANTITY, and PRIME MOVERS are so positioned, to ensure that,’ACTUATION ¢auses the

appropriat¢ OPERATION.
17(11.4DV D2 Modification of 17.11.4 by adding the following text:

The number of cycles is 50.

17.12 Test of manual action at high speed

NOTE This tgst applies only to actions which have more than one pole, and where polarity reversal occurs during the agtion.
17.12.1 The electrical conditions are those spéecified in 17.2.

17.12.2 The thermal conditions are those specified in 17.3.

17.12.3 The method of OPERATION.iS that specified in 17.4 for high speed.

17.12.4 The number of cycles of ACTUATION is 100. During the tests, SENSING ELEMENTS are mgintained at
suitable vdlues of ACTIVATING QUANTITY, and PRIME MOVERS are so positioned as to ensure thaf ACTUATION
causes thg appropriate OPERATION

17.12.5 I Canada’and the USA where the overload test applies, the number of cycles is 50.

17.13 Test'of manual action at accelerated speed

17.13.1 The electrical conditions are those specified in 17.2.
17.13.2 The thermal conditions are those specified in 17.3.
17.13.3 The method of OPERATION is that specified in 17.4 for accelerated speed.

17.13.4 The number of cycles of ACTUATION is that number declared in 7.2 less the number actually made
during the tests of 17.10, 17.11 and 17.12. During the test, SENSING ELEMENTS are maintained at a suitable
value of ACTIVATING QUANTITY, and PRIME MOVERS are so positioned as to ensure that ACTUATION causes the
appropriate OPERATION.
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17.13.5 During the test, the FAILURE of any component part of a TYPE 1 ACTION other than a PROTECTIVE
CONTROL which is not significant according to the requirements of the test, shall not be a cause of rejection

providing that it can be repaired or replaced, or that the test can be continued in an agreed alternative
manner such that the total required number of cycles of ACTUATION can be completed.

17.14 Evaluation of compliance

After all the appropriate tests of 17.6 to 17.13 inclusive, modified as specified in the appropriate part 2, the
CONTROL shall be deemed to comply if:

— all actions function automatically and manually in the intended and declared manner within the meaning
of this stan{lara;

— the requifements of Clause 14 with regard to those items designated by Footnote a of\ Table

terminals, g

— the requi
CONTROLS 1

to ensure th

— for TYPE !
TIME or OPE

and MANUFA
— the circuit

— there is 1
parts or AC1

See also Apnex H.

17.15 Voi

17.16 Tesgt for particular purpoese controls

d

urrent-carrying parts and supporting surfaces, are still met;

rements of Clause 8, 17.5 and Clause 20 are still met. For the tests-of 17.5 and

at the contacts are open;

ACTIONS, the appropriate test of Clause 15 is repeated and the OPERATING VALUE,

CTURING DEVIATION, whichever was declared;
disconnection declared for each MANUAL ACTION'can still be obtained;

o evidence that any transient FAULT between LIVE PARTS and earthed metal, acces|
[UATING MEMBERS has occurred.

or which special samples were submitted for Clause 13, are tested at an appropriaf

113, that is,

Clause 20,
e condition

OPERATING

RATING SEQUENCE shall still be within the value of DRIFT, ,or-within the values of combined DRIFT

sible metal

The tests fqr particular purpose CONTROLS are specified in the appropriate Part 2s.
17.17 to 17|18 SeeAnnex J.
17.101DV D2 Add the following section titled, "Electronic Ballasts, CFLs and LED|driver

rati

ed-controls™-

17.101DV.1 A control rated for use with electronic ballasts, self ballasted LED and Compact
Fluorescent Lamps, LED drivers, LED luminaires, and similar loads with capacitive load
characteristics, having a rated current (steady state current) and voltage in accordance
with Table 17.101DV.1 or Table 17.101DV.2 shall be tested as described in 17.101DV.2 -
17.101DV.4 and marked in accordance with DVC.1.23.

17.101DV.2 The test circuit, as shown in Figure 17.101DV.1, shall provide the inrush

characteristics meeting or exceeding those characteristics defined in Table 17.101DV.2 in
parallel with an AC resistive load based on the steady state current rating of the switch or
lighting control being tested.
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17.101DV.3 The series coil values must be adjusted based on the input line characteristics
to achieve the peak currents listed in Table 17.101DV.1. The series coil shall be sized such
that it does not saturate during testing and shall be able to handle the resulting power
dissipation with less than 10°C temperature rise. Peak current and pulse width are
illustrated in Figure 17.101DV.2.

17.101DV.4 The circuit shall provide a method to discharge the capacitor bank in between
test cycles without influencing the performance of the device under test. This is
accomplished by S2 and R2 in Figure 17.101DV.1. S2 shall be switched alternately with S1
and R2 shall be sized to allow for complete discharge of C during the period that S1 is
open. The values of the bulk energy capacitors used in the simulated circuit are noted in
Taple 17.107DV.3 and corresponds fo the system voltage.

Table 17.101DV.1
Heak current requirements with pulse width less than or equal to 2 ms, for endurance test

Yteady state | Peak current | Pulse width I’t (A sec) Peak current (|\ Pulse width %t (A sec)
Current (A) (A), 120 VAC 120 VAC 120 VAC. (A), 277 VAC 277VAC 277 VAC.
(mS). See See Note 1 (mS). See See Note 1
Note 2 Note 2
0.5 75 0.34 1" 77 0.07 1"
1 107 0.48 24 131 0.71 27
2 144 0.70 41 205 0.85 76
3 166 0.89 51 258 0.98 11
5 192 1.20 74 320 1.20 205
8 221 1.25 98 370 1.25 274
10 230 1.50 106 430 1.50 370
12 235 1.80 110 440 1.80 387
15 239 2.00 114 458 2.00 420
16 242 2.10 117 480 2.10 461
NDPTES
1| The values used to calculate J?t are the peak current shown and pulse duration of 2 mS (t).
2 - Pulse widths shown will provide adequate performance with electronic ballasts having pulse widths up to 2
, in accordance with the Standard for Lamp Ballasts — High Frequency Fluorescent Lamp Ballasts, ANSI_
ANSLG C82.11, or the Standard for Lamp Ballasts Low-Frequency Square Wave Electronic Ballasts |- for Metal
Hplide Lamps, ANSI-ANSLG C82.14.

Table 17.101DV.2
Pedk current requirements with pulse width less than or equal to 2.35 ms for endurance

test
Steady state current (A) Peak current (A), 347 Vac | Pulse width 347 Vac (ms). I’t (A% sec) 347 Vac. See
See Note 2 Note 1
0.5 198 0.34 92
1 270 0.47 173
2 354 0.70 294
3 396 0.86 369
5 450 1.15 476
8 492 1.5 569
10 508 1.67 606

Table 17.101DV.2 Continued on Next Page
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Table 17.101DV.2 Continued

Steady state current (A) Peak current (A), 347 Vac | Pulse width 347 Vac (ms). 1%t (A2 sec) 347 Vac. See
See Note 2 Note 1
12 529 1.86 658
15 550 2.05 71
16 552 2.10 716

NOTES

1 — The values used to calculate I?t are the peak current shown and pulse duration of 2.35 ms (t).

2 - Pulse widths shown will provide adequate performance with electronic ballasts having pulse widths up to
2.35 ms, in accordance with the Standard for Lamp Ballasts — High Frequency Fluorescent Lamp Ballasts,

ANSI_ANSLG C82.11, or the Standard for Lamp Ballasts Low-Frequency Square Wave Electronic Ballasts — for
Mgtal Halide Lamps, ANSI_ANSLG C82.14.

Table 17.101DV.3

Bulk Energy capacitances

System voltage (V) Bulk energy capacitance per ampere of stpady state
current (uF)
120 175
125

277, 347
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Figure 17.101DV A1

Typical test circuit diagram

L | ! D1 D2 s
R . —

v X b |
C R2

S5303 &
Reference Description
AC Test voltage is either 120 VAC, 277 VAC or 347 VAC
S1 Device UnderTest
L Series Inductor, its value of inductance (L)(and

resistance (R) are selected. When combinéd with the
ACdinesource impedance it provides the $pecified

Reference Waveforms
R1 AC synthetic load resistor, value to provide¢ desired
continuous current. (e.g., 5A, 8A, ... 6A)
D1-D4 Bridge rectifier
C Capacitor load bank, design value to provide 125 yF

for each continuous amp of load current at a test
voltage of 277 or 347 VAC, and 175 pF for gach
continuous amp of load current at a test v¢ltage of

120 VAC.
S2 Capacitor discharge switch
R2 Bleeder resistor, value to provide appropriate

capacitor load bank discharge rate
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Figure 17.101DV.2

Waveform per synthetic measurement of pulse width and peak current

I I
le— Pulse Width —s
Peak Current
(Ipk)
A
m
p
|
i
t
u
d
e
10% of Ipk
I I
$5304 Timé, (milliseconds)
18 Mech3gnical strength

18.1 General requirements

18.1.1 CONTROLS shall be so.constructed as to withstand the mechanical stress that occurs|in NORMAL
USE.

18.1.2 ACJUATING MEMBERS of CLASS | CONTROLS and CLASS Il CONTROL, and ACTUATING MEMBERS of
CONTROLS for class.l'and class Il equipment, shall either have adequate mechanical strength jor be such

that adequate protection against electric shock is maintained if the ACTUATING MEMBER is broken

18.1.3 INTEGRATED CONTROLS and INCORPORATED CONTROLS are not tested as in 18.2 as their impact
resistance will be tested by the equipment standard.

18.1.4 Compliance is checked by the tests of the appropriate Subclauses 18.2 to 18.8 inclusive, carried
out sequentially on one sample.

18.1.5 After the appropriate tests, the CONTROL shall show no damage to impair compliance with this
standard and in particular with Clauses 8, 13, and 20. Insulating linings, barriers and the like shall not have
worked loose.

It shall still be possible to remove and to replace detachable and other external parts such as COVERS
without such parts or their insulating linings breaking.
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It shall still be possible to actuate a CONTROL to any position which is intended to provide FULL
DISCONNECTION and MICRO-DISCONNECTION.

In case of doubt, SUPPLEMENTARY INSULATION or REINFORCED INSULATION is subject to an electric strength
test as specified in Clause 13.

Damage to the finish, small dents which do not reduce CREEPAGE DISTANCES or CLEARANCES below the
values specified in Clause 20, and small chips which do not adversely affect the protection against electric
shock or moisture are neglected. Cracks not visible to the naked eye, and surface cracks in fibre
reinforced mouldings and the like are ignored. If a decorative COVER is backed by an inner COVER, fracture
of the decorative COVER is neglected, if the inner COVER withstands the test after removal of the decorative

COVER.

18.1.6 In
enclosure wa
full threads in

18.1.6.1

enclosure wa
rounded inlet
shall afford pi

18.1.6.2

the conduit.
Compliand

18.1.6.3
withstand witl

ICanada and the USA, if threads for the connection of metal conduit are tapped all the way,through
| or if an equivalent construction is employed, there shall not be any sharp edges, not less than thrée nor
the metal and the construction of the device shall be such that a suitable conduit bushing can be properly]

n Canada and the USA, if threads for the connection of metal conduit are not tapped‘all the way througd
I, conduit hub or the like, there shall not be less than 3,5 full threads in the metal with-a conduit stop, and
hole having an internal diameter approximately the same as that of the corresponding size of rigid metal
otection to the conductors equivalent to that provided by a standard conduit\bushing.

n the USA, an enclosure threaded for support by rigid metal conduit.shall provide at least five full thread

e with 18.1.6, 18.1.6.1 and 18.1.6.2 is checked-by inspection.

n Canada and the USA, a conduit hub or nipple attached to the enclosure by swaging, staking or simil
out pulling apart the following tests:

— a direct pull of 890 N for 5 min. For this test, the device is to be supported by a rigid conduit in the intended ma

support a sus|

— the device i
to the conduit
point of applig

— a torque of
be measured

Some distorti

18

pended weight of 90,8 kg;

5 to be rigidly supported by means'other than the conduit fittings. A bending force of 67,8 Nm is to be ap
at right angles to its axis and the’lever arm is measured from the wall of the enclosure in which the hub ig
ation of the bending force;

£7,8 Nm is to be applied to the conduit for 5 min in a direction tending to tighten the connection and the
from the centre of the conduit.

bn of the énclosure under test may result. Such distortion does not constitute a FAILURE.

1.6,3DV D2 Modification of 18.1.6.3 by adding the following text:

a hole in an
more than five
attached.

h a hole in an
b smooth well-
conduit, which

s for engaging

r means shall

hner and is to

plied for 5 min
located to the

ever arm is to

A fitting for flexible metal conduit shall secure the conduit so that the connection withstands without pulling apart

as

teady pull, as specified in Table 18.1.6.3DV.1, for 5 minutes.
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Table 18.1.6.3DV.1 D2 Addition:

Table 18.1.6.3DV.1
Pull Forces

Force

Trade size of fitting Metric designator

(Ibf)

333
444
556

1/2
3/4
1

16
21
27

(100

(75)

(125)

)

1-1/4to 4 35t0 103 667 (150

18.2

18.2.1 IN-
are checke

18.

18.2.2 All
the apparat

18.2.3 Th
without any/

brick, conctete or the like.

Impact resistance

Th
the]*
defermined as indicated in 18.4.

LINE CORD, FREE-STANDING and INDEPENDENTLY MOUNTED CONTROLS,except as provig
i by applying blows to the sample by means of the apparatus in IEC 60068-2-75.

2.1DV D2 Modification of 18.2.1 by adding the following) text:

impact resistance of controls constructed of polymeric materials is determir
tests of Annex D. The impact resistance of controls constructed of metallic n

surfaces which are accessible when thé CONTROL is mounted as in NORMAL USE are
Us.

b CONTROL is held in contact with a vertical sheet of plywood 8 mm thick and 175
metallic back plate, the plywood being mounted on a rigid frame which is fixed to a 3

edin 18.4,

ed during
aterials is

tested with

nm square
olid wall of

18.2.4 Blqws are applied-to-all ACCESSIBLE SURFACES, including ACTUATING MEMBERS, at any|angle, the
test apparafus being calibrated to deliver an energy of (0,5 + 0,04) Nm.

18.2.4.1 FRoot actuated CONTROLS shall be subject to the same test, but using a test apparatug calibrated
to deliver ah energy of (1,0 £ 0,05) Nm.

18.2.5 Forallsuci surfaces, three blows are applied to every point that is likely to be weak.

18.2.5.1 Care must be taken that the results from one series of three blows does not influence
subsequent series.

18.2.5.2 Ifthere is a doubt whether a defect has been caused by the application of preceding blows, this

defect is neglected and the group of three blows which led to the defect is applied to the same place of a
new sample, which shall then withstand the test.

18.2.6 Signal lamps and their COVERS are only tested if they protrude from the enclosure by more than
10 mm or if their area exceeds 4 cm?, unless they form part of an ACTUATING MEMBER, in which case they

shall be tes

ted in the same manner as an ACTUATING MEMBER.
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18.3 Void

18.4 Alternate compliance — Impact resistance

NOTE In Canada and the USA, the minimum thicknesses of sheet metal or case metal shown in Table 17 and Table 18 are
considered to meet the requirements of 18.2 and the tests specified are not required.

Table 17
(18.4.1 of edition 3) — Minimum thickness of sheet metal for enclosures made of carbon steel or

stainless steel

Withgut supporting frame? With supporting frame or equivalent Minimum thickness in‘inches (mm)
reinforcing?®
Maximum width® | Maximum length® | Maximum width® | Maximum length® Uncoated Metal coated
in (¢m) in (cm) in (cm) in (cm)
inches inches inches inches

4,0 10,2) Not limited 6,25 (15,9) Not limited 0,020¢ (0,51) 0,023 (0,58)
4,75 12,1) 5,75 (14,6) 6,75 (17,1) 8,25 (21,0)
6,0 15,2) Not limited 9,5 (24,1) Not limited 0,026 (0,66) 0,029° (0,74)
7,0 17,8) 8,75 (22,2) 10,0 (25,4) 12,5 (31,8)
8,0 20,3) Not limited 12,0 (30,5) Not limited 0,032 (0,81) 0,034 (0,86)
9,0 22,9) 11,5 (29,2) 13,0 (33,0) 16,0 (40,6)
12,5 31,8) Not limited 19,5 (49,5) Netlimited 0,042 (1,07) 0,04 (1,14)
14,0 35,6) 18,0 (45,7) 21,0 (53,3) 25,0 (63,5)
18,0 45,7) Not limited 27,0 (68,6) Not limited 0,053 (1,35) 0,05¢ (1,42)
20,0 50,8) 25,0 (63,5) 29,0 (73:7) 36,0 (91,4)
22,0 55,9) Not limited 33,0 (83,8) Not limited 0,060 (1,52) 0,06 (1,60)
25,0 63,5) 31,0 (78,7) 35,0 (88,9) 43,0 (109,2)
25,0 63,5) Not limited 39/0 (99,1) Not limited 0,067 (1,70) 0,07 (1,78)
29,0 73,7) 36,0 (91,4) 41,0 (104,1) 51,0 (129,5)
33,0 83,8) Not limited 51,0 (129,5) Not limited 0,080 (2,03) 0,084 (2,13)
38,0 96,5) 47,0 (119,4) 54,0 (137,2) 66,0 (167,6)
42,0 106,7) Not limited 64,0 (162,6) Not limited 0,093 (2,36) 0,097 (2,46)
47,0 119,4) 59;0 (149,9) 68,0 (172,7) 84,0 (213,4)
52,0 132,1) Not limited 80,0 (203,2) Not limited 0,108 (2,74) 0,11 (2,82)

Al Fate oY D40 AN [P T TN | o
INOTTmeaT IT1,0 (Z50,5) INOTTTeT U,

60,0 1524)/| 740  (188,0) | 840  (2134) | 1030  (2616)
63,0 4666
730  (1854) | 90,0  (228,6) | 1030 (261,6) | 1270  (322.6)

@ With reference to Table 17 and Table 18, a supporting frame is a structure of angle or channel or a folded rigid section of sheet
metal that is rigidly attached to and has essentially the same outside dimensions as the enclosure surface, and that has sufficient
torsional rigidity to resist the bending moments that may be applied via the enclosure surface when it is deflected. Construction that
is considered to have equivalent reinforcing may be accomplished by designs that will produce a structure that is as rigid as one
built with a frame of angles or channels. Construction considered to be without supporting frame includes: a) single sheet with
single formed flanges or formed edges, b) a single sheet that is corrugated or ribbed, c) an enclosure surface loosely attached to a
frame, for example, with spring clips.

23— 345y L 6456 (3.20)

® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ "Not limited" applies only if the edge of the surface is flanged at least 0,5 in (12,7 mm) or fastened to adjacent surfaces not
normally removed in use.

4 Sheet metal for an enclosure intended for outdoor use shall be not less than 0,034 in (0,86 mm) thick if zinc coated and not less
than 0,032 in (0,81 mm) thick if uncoated.
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Table 17DV D2 Modification of note d of Table 17 by adding the following:

At points at which a wiring system is to be connected, uncoated steel shall not be less than
0,032 in (0,81 mm) thick, zinc-coated steel shall not be less than 0,034 in (0,86 mm).

(18.4.2 of edition 3) — Minimum thickness ofzahb(elteet1r$1etal for enclosures of aluminium, copper or
brass
V\1Tthout supporting frame- With supporting frame or equivalent remforcing’|
Maximun width® Maximum length® Maximum width® Maximum length® Maximum| thickness
in inches (cm) in inches (cm) in inches (cm) in inches (cm) in inches (mm)
3,0 (7,6) Not limited 7,0 (17,8) Not limited 0,023¢ (0,58)
3,5 (8,9) 4,0 (10,2) 8,5 (21,6) 9,5 (2441)
4,0 (10,2) Not limited 10,0 (25,4) Not limited 0,029 (0,74)
5,0 (12,7) 6,0 (15,2) 10,5 (26,7) 13,5 (34,3)
6,0 (15,2) Not limited 14,0 (35,6) Not-limited 0,036 (0,91)
6,5 (16,5) 8,0 (20,3) 15,0 (38,1) 18,0 (45,7)
8,0 (20,3) Not limited 19,0 (48,3) Not limited 0,045 (1,14)
9,5 (24,1) 11,5 (29,2) 21,0 (53,3) 25,0 (63,5)
12,0 (30,5) Not limited 28,0 (7439) Not limited 0,058 (1,47)
14,0 (35,6) 16,0 (40,6) 30,0 76,2) 37,0 (94,0)
18,0 (45,7) Not limited 42,0 (106,7) Not limited 0,075 (1,91)
20,0 (50,8) 25,0 (63,4) 45,0 (114,3) 55,0 (139,7)
25,0 (63,5) Not limited 60,0 (152,4) Not limited 0,095 (2,41)
29,0 (73,7) 36,0 (91,4) 64,0 (162,6) 70,0 (198,1)
37,0 (94,0) Not limited 87,0 (221,0) Not limited 0,122 (3,10)
42,0 (106,7) 53,0 (134,6) 93,0 (236,2) 114,0 (289,6)
52,0 (132,1) Net litmited 123,0 (312,4) Not limited 0,153 (3,89)
60,0 (152,4) 74,0 (188,0) 130,0 (330,2) 160,0 (406,4)
@ With referepce to Table 1%.and Table 18, a supporting frame is a structure of angle or channel or a folded rigid section of sheet
metal that is [igidly attached.to and has essentially the same outside dimensions as the enclosure surface, and that hap sufficient
torsional rigidity to resist the bending moments that may be applied via the enclosure surface when it is deflected. Conptruction
that is considered te-have equivalent reinforcing may be accomplished by designs that will produce a structure that is gs rigid as
one built with a frame of angles or channels. Construction considered to be without supporting frame includes: a) singl¢ sheet with
single formedl flanges or formed edges, b) a single sheet that is corrugated or ribbed, c) an enclosure surface loosely attached to a
frame, for example, With spring clps.

® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ "Not limited" applies only if the edge of the surface is flanged at least 0,5 in (12,7 mm) or fastened to adjacent surfaces not

normally removed in use.

4 Sheet copper, brass, or aluminium for an enclosure intended for outdoor use (raintight or rainproof) shall be not less than 0,029

in (0,74 mm) thick.

Table 18DV D2 Modification of note d of Table 18 by adding the following:

At points at which a wiring system is to be connected, nonferrous metal shall not be less

than 0.045 inch (1.14 mm) thick.
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18.4.1

18.5 Freg¢-standing controls

18.5.1

apparatus

18.5.2 Ty
terminals
output ter
Figure 4.

The samp
steady pul
pulled off {

base.

Cast metal shall be not less than 3 mm thick but not more than 6 mm thick at threaded holes for
conduit; except that, other than at plain or threaded holes for conduit, die-cast metal may be not less than
1,6 mm thick for an area not greater than 150 cm?, and having no dimension greater than 150 mm, and
may be not less than 2,4 mm thick for larger areas.

18.4.1DV D2 Modification of 18.4.1 by adding 18.4.1DV.1 and 18.4.1DV.2:

18.4.1DV.1 A cast metal enclosure shall be not less than 0,035 inch (0,89 mm) thick if the
enclosure will not be used as a splice box and if the voltage rating of the complete device
is such that the voltage between any two conductors is 250 V or less and is limited to d.c.

or

18

eniclosure houses only low-voltage circuits.

18

18

0,026 inch (0,66 mm) if uncoated and less than 0,029 inch(0,74 mm) if galvanized

18

single-phase a.c.

4.1DV.2 A cast metal enclosure shall be not less than 0,028 inch (0,71 mm) thig

4.2DV D2 Addition of 18.4.2DV.1 and 18.4.2DV.2:

tk if the

4.2DV.1 A sheet-steel transformer enclosure shall have a‘thickness of not lesg than

4.2DV.2 Sheet steel having a thickness of not less than 0,020 inch (0,51 mm) if

h
(3

FR

a¥ not less than 0,023 inch (0,58 mm) if galvanized may be used for a drawn end

rInd secured as intended. CONTROLS intended for use with a flexible cored conneg

ing maximum dimensions of 2-1/4 inches (57;2 mm) on the flat portion and 1-
,1 mm) at the base of the drawn portion.

EE-STANDING CONTROLS shall.be ‘additionally checked by the test of 18.5.2 and 18.5

uncoated
bell
12 inches

3 using the

shown in Figure 4.

0 metres of flexible\cord of the lightest type used in 10.1.4 shall be connected
inals shall have 2'm of the lightest intended type similarly connected and arranged
e shall.be stood or rested on the glass surface as shown and the cord shall be su

gradually increasing up to, but not exceeding, that shown in Table 9. If the sample
he.glass surface as slowly as possible and allowed to fall onto the concrete backea

o the input
cted to the
BS shown in

bjected to a
moves, it is
hard wood

The height of the surface above the base is 0,5 m. The size of the hard wood and concrete base shall be
sufficient for the CONTROL to remain on the base after falling.

The test is repeated three times.

18.5.3 After the test, the sample shall be evaluated as in 18.1.5.

18.6

18.6.1

In-line cord controls

IN-LINE CORD CONTROLS other than FREE-STANDING CONTROLS shall be additionally tested in a
tumbling barrel as shown in Figure 5. The width of the barrel shall not be less than 200 mm, and shall be
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as wide as is necessary to ensure the uninterrupted fall of the CONTROL when fitted with the cords as
required in 18.6.2.

18.6.2 CONTROLS with NON-DETACHABLE CORDS using TYPE X ATTACHMENT shall be fitted with the flexible
cord or cords having the smallest cross-sectional area specified in 10.1.4 and a free length of

approximately 50 mm. Terminal screws are tightened with two-thirds of the torque specified in 19.1.
CONTROLS with NON-DETACHABLE CORDS using TYPE M ATTACHMENT, TYPE Y ATTACHMENT or TYPE Z
ATTACHMENT shall be tested with cord or cords declared or supplied, the cord or cords being cut so that a

free length of about 50 mm projects from the CONTROL.

18.6.3 The sample falls from a height of 50 cm onto a steel plate, 3 mm thick, the number of falls being:

— 1 000 if tHe mass of the sample without cord does not exceed 100 g;
— 500 if the|mass of the sample without cord exceeds 100 g, but does not exceed 2001g.

18.6.4 IN-LINE CORD CONTROLS with a mass exceeding 200 g are not tested/in the tumbling|barrel, but
shall be subjected to the test of 18.5.

18.6.5 Thp barrel is turned at a rate of five revolutions per min, 10 falls'per min thus taking plage.

18.6.6 Affer this test, the CONTROL shall be evaluated as in~18.1.5. Special attention is paid to the
connection|of flexible cord or cords.

18.7 Pullicord actuated controls

18.7.1 PULL-CORD ACTUATED CONTROLS shall be additionally tested as in 18.7.2 and 18.7.3.

18.7.2 The coNTROL shall be mounted as_declared by the manufacturer, and the PULL-CORD shall be
subjected tp a force, applied without jerks, first for 1 min in the normal direction, and then for 1 min in the
most unfavpurable direction, but not exeeeding 45° from the normal direction.

18.7.3 The values of the force are, shown in Table 19.

Table 19
(18.7 of edition 3) — Pull-cord force test values
Rated current Force
N
A Naormal direction Mast unfavourable dinection
Up to and including 4 50 25
Over 4 100 50

18.7.4 After this test, the CONTROL shall be evaluated as in 18.1.5.
18.8 Foot actuated controls
18.8.1 CONTROLS actuated by foot shall be additionally tested as follows:

18.8.2 The CONTROL is subjected to a force applied by means of a circular steel pressure plate with a
diameter of 50 mm. The force is increased continuously from an initial value of about 250 N, up to 750 N,
within 1 min, after which it is maintained at this value for 1 min.
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18.8.3 The CONTROL is placed on a flat horizontal steel support with the appropriate flexible cord fitted.
The force is applied three times with the sample placed in different positions, the most unfavourable
positions being chosen.

18.8.4 After the test, the CONTROL shall be evaluated as in 18.1.5.

18.9 Actuating member and actuating means

18.9.1
follows.

CONTROLS supplied with, or intended to be fitted with ACTUATING MEMBERS shall be tested as

— First an &

— If the sh
apply.

— If the sh@pe of the ACTUATING MEMBER is such that an axial pull is unlikely to\be applied in N

the force is
— If the shg
— Secondl)

18.9.2 If

intended tq
ACTUATING

NOTE Sealin

18.9.3 Di
MEMBER ha

18

bpe is such that it is not possible to apply an axial pull in NORMAL USE, this first te

xial pull shall be applied for 1 min to try to pull off the ACTUATING MEMBER.

15 N.
pe is such that an axial pull is likely to be applied, the forceis 30 N.
. an axial push of 30 N for 1 min is then applied to alllAGTUATING MEMBERS.

h CONTROL is intended to have an ACTUATING MEMBER but is submitted for approval w

have an easily removable ACTUATING MEMBER then a pull and push of 30 N are ag
MEANS.

j compound and the like, other than self-hardening resins, is not deemed to be adequate to prevent loose]

iring and after each of these tests, the CONTROL shall show no damage, nor shall af
ve moved so as to impair compliance with this standard.

9.4DV D2 Addition of 18.9.4DV.1 to 18.9.4DV.7:

9.4DV.1 For a CONTROL that is operated by a push, pull, slide, toggle, or lever a

in

Sa

18

rce is to berapplied to the free end of the adjustment in line with the intended
ach direction of OPERATION for one minute. The force is to be 89 N (20 pounds
mercial CONTROL and 45 N (10 pounds) for a household product CONTROL. A s
pletisrto be used for each test.

st does not

ORMAL USE,

ithout, or is
plied to the

hing.

ACTUATING

Hjustment,
movement
fora
pparate

free end of an extension representing the intended end-use application.

ed for use

with an extended operator, handle, or lever is to be tested with in in-line force applied to the

18.9.4DV.3 For a CONTROL that is operated by a rotary adjustment intended for use with a
knob having a grip diameter or grip length of 25,4 mm (1 inch) or less, a torque is to be
applied to the shaft in each direction of intended OPERATION. The torque is to be 1,0 N-m (9
pound-inches) for a commercial cONTROL and 0,8 N-m (7 pound-inches) for a household
product CONTROL. A separate sample is to be used for each test.

18.9.4DV.4 A cONTROL that is operated by a rotary adjustment intended for use with a knob
having a grip diameter or grip length of more than 25,4 mm (1 inch) is to be subjected to a
torque that is proportionally greater than that specified in 18.9.4DV.2, based on the larger
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grip diameter or grip length of the knob used; the value for the torque to be used is to be
determined by the formula:

T=(D,/ D)X

in which:

T is the test torque in N-m (pound inches)

D, is the grip diameter or grip length, as applicable in m (inches)

D is the 0,025 m (1 inch)

K is the 1,0 N-m (9 pound-inches) for a commercial CONTROL, or 0,8 Nym (7 pound-

inches) for a household CONTROL.

18.9.4DV.5 If a lever arm is intended to be attached to a rotary-controlshaft, the a
to be tested as described in 18.9.4DV.2 with the force applied toithe free end of th

sembly is
lever.

18.9.4DV.6 If an adjustment means is not provided with a control, the manufacturer is to
assign a maximum dimension for the knob, lever, toggle,or the like, to be used w

co

18.
(ofF:
be

19 Threa

19.1 Thre

19.1.1 Th
mounted or

NOTE Thread

TROL, and this dimension is to be used for determining the torque value.

use 15 is conducted before and after this test'and the measured OPERATING VAL
within the declared DRIFT.

led parts and connections

aded parts moved during mounting or servicing

readed parts, electrical or otherwise which are likely to be operated while the CONTR
during SERVICING shall withstand the mechanical stresses occurring in NORMAL USE.

led parts which are~eperated while the CONTROL is being mounted, or during SERVICING, include i

terminal screws, cord anchorage'screws, fixing and mounting screws, nuts, threaded rings and COVER PLATE screws.

19.1.2 Su

ch parts shall be easily replaceable if completely removed.

th the

0.4DV.7 Compliance is checked as in 18.1.5. Innaddition, for TYPE 2 CONTROLS the test of

UE shall

OL is being

ems such as

NOTE Constr

ctions which restrict the complete removal of a threaded part are deemed to meet this requirement.

19.1.3 Such threaded parts shall have a metric ISO thread or a thread of equivalent effectiveness.

NOTE Provisionally SI, BA and Unified threads are deemed to be of equivalent effectiveness to a metric ISO thread. A test for
equivalent effectiveness is under consideration. Pending agreement to a test, all torque values for threads other than 1SO, BA, Sl or
Unified are increased by 20 %.

19.14

If such a threaded part is a screw and if it generates a thread in another part, it shall not be of the

thread cutting type. It may be of the thread forming (swaging) type. There is no requirement for the type of
thread so produced.

19.1.5 Such screws may be of the space threaded type, (sheet metal) if they are provided with a suitable
means to prevent loosening.
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NOTE Suitable means to prevent loosening of space threaded screws include a spring nut, or other component of similar resilience,
or a thread of resilient material.

19.1.6 Such threaded parts shall not be of non-metallic material if their replacement by a dimensionally
similar metal screw could impair compliance with Clause 13 or 20.

19.1.7 Such screws shall not be of metal which is soft or liable to creep such as zinc or aluminium.

This requirement is not applicable to parts used either as a COVER to limit access to SETTING means, or as
SETTING means such as flow or pressure adjusters in gas CONTROLS.

19.1.8 Sych Screws operating in a thread of non-metallic material shall be such that jthe correct
introductiop of the screw into its counterpart shall be ensured.

NOTE The requirement for the correct introduction of a metal screw into a thread of non-metallic material can|be met if the
introduction df the screw in a slanting manner is prevented, for example, by guiding the screw or partto.be fixed by & recess in the
female thread, or by the use of a screw with the leading thread removed.

19.1.9 Sych threaded parts, when used for IN-LINE CORD CONTROLS, if\théy are transmitiing contact
pressure and if they have a nominal diameter less than 3 mm, shall screw into metal. If they|are of non-
metallic material, they shall have a nominal diameter of at least 3 mm, and shall not be used for any
electrical cpnnection.

19.1.10 (Qompliance with 19.1.1 to 19.1.9 inclusive is checked by inspection and by the test gf 19.1.11 to
19.1.15, inglusive.

19/1.10DV D2 Modification of 19.1.10 by adding the following text:

The tests of 19.1.11 to 19.1.15 are not applicable to metal screws in engagement with a
thread of metallic material.

19.1.11  Threaded parts are tightened and loosened:
— 10 timesl|if one of the threaded parts is of non-metallic material, or
— five time$ if both parts.are of metallic material.

19.1.12  $crews\in’ engagement with a thread of non-metallic material are completely refnoved and
reinserted |each time. When testing terminal screws and nuts, a conductor of the largest cro$s-sectional
area used [n“10.1.4 or of the minimum cross-sectional area specified in 10.2.1 is placed in the terminal.

19.1.13 The shape of the screwdriver should suit the head of the screw to be tested.

19.1.14 The conductor is moved each time the threaded part is loosened. During the test, no damage
impairing the further use of the threaded parts shall occur, such as breakage of screws or damage to the
slot head or washers.

19.1.15 The test is made by means of a suitable test screwdriver, spanner or key, applying a torque,
without jerks, as shown in Table 20.
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Table 20
(19.1 of edition 3) — Threaded parts torque test values
Nominal diameter of thread Torque Nm
mm | ] 1]
Up to and including 1,7 0,1 0,2 0,2
Over 1,7 up to and including 2,2 0,15 0,3 0,3
Over 2,2 up to and including 2,8 0,2 0,4 0,4
Over 2,8 up to and including 3,0 0,25 0,5 0,5
Over 3,0 up to and including 3,2 0,3 0,6 0,6
Over 3,2 up fo and including 3,6 0,4 0,8 0|6
Over 3,6 up fo and including 4,1 0,7 1,2 0l6
Over 4,1 up fo and including 4,7 0,8 1,8 0[9
Over 4,7 up fo and including 5,3 2 0,8 2,0 1{0
Over 5,3° - 2,5 1,5
Use column — for metal screws without heads if the screw when tightened does not protradée from the hole, or if fhe
screwdriver access is limited to the major diameter of the screw.
Use column || — for other metal screws and for nuts:
« with a cylindrical head and a socket for a SPECIAL PURPOSE TOOL, the socket having a cr¢ss-corner
dimension exceeding the overall thread diameter;
« with a head having a slot or slots, the length of whiéh/exceeds 1,5 times the overall thread digmeter.
— for screws of non-metallic material having a hexagonal'head with the dimension across flats excqeding the
overall thread diameter.
Use column |l — for other screws of non-metallic material.
@ Nuts and threaded rings of greater than 4,7 mm in diameter which are used for single-bush mounting are tested with p torque of
1,8 Nm, excqpt that, for CONTROLS for single-bush mounting-using thermoplastic materials and where there is no torgue effected
on the moun{ing for SETTING or resetting (i.e. for THERMAL CUT-OUTS), the thread for mounting is tested with the njaximum
torque as deglared by the manufacturer which in no case shall be less than 0,5 Nm.
19.2 Current-carrying connections
19.2.1 Cudrent-carrying connections which are not disturbed during mounting or SERVICING and the
efficiency of security of which i$ maintained by the pressure of a screw, threaded part, rivet or the like shall
withstand thhe mechanical, thermal and electrical stresses occurring in NORMAL USE.
19.2.2 Sugh current-carrying connections which are also subject to torsion in NORMAL USE, (that is,
having paris integral with or connected rigidly to SCREW TERMINALS, etc.) shall be locked ggainst any
movement which.could impair compliance with Clauses 13 or 20.

NOTE 1 The requirement regarding being locked against movement does not imply that the current-carrying connection shall be so
designed that rotation or displacement is prevented, provided that any movement is appropriately limited and does not bring about

non-compliance with this standard.

NOTE 2 Connections made with one screw, rivet or the like are sufficient if the parts are themselves prevented from
movement by mechanical interaction between parts or by the provision of spring washers or the like.

making such

NOTE 3 Connections made with one rivet with a non-circular or notched shank corresponding to appropriately shaped holes in the
current-carrying parts are considered to meet this requirement. Connections made with two or more screws or rivets also meet this

requirement.

NOTE 4 Sealing compound can be used if the parts so sealed are not subjected to stress during NORMAL USE.
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19.2.3 Such current-carrying connections shall be so designed that contact pressure is not transmitted
through non-metallic material other than ceramic or other non-metallic material having characteristics no
less suitable, unless there is sufficient resilience in the corresponding metal parts to compensate for any
shrinkage or distortion of the non-metallic material.

NOTE The suitability of non-metallic material is considered with respect to the stability of the dimensions within the temperature
range applicable to the CONTROL.

19.2.4 Such current-carrying connections shall not make use of space threaded screws, unless the
screws clamp the current-carrying parts directly in contact with each other, and are provided with a
suitable means of locking.

19.2.4.1 PBpace threaded screws may be used to provide earthing continuity if at least two 'such screws
are used fqr each connection.

NOTE In Carfada and the USA, to provide earthing continuity (bonding), the use of one screw is permitted if at least tyvo full threads
are engaged.|If two screws are used, each screw shall engage at least one full thread.

19.2.5 Sych current-carrying connections may make use of thread cutting'screws if these pragduce a full-
form standprd machine screw thread.

19.2.5.1 Thread cutting screws may be used to provide earthing/continuity if at least two such|screws are
used for egch connection.

NOTE In Carjada and the USA, to provide earthing continuity (bonding), thie'use of one screw is permitted if at least two full threads
are engaged.|If two screws are used, each screw shall engage at least oné full thread.

19.2.6 Sych current-carrying connections, whose parts rely on pressure for their correct fupction, shall
have resisfance to corrosion over the area of-contact not inferior to that of brass. This requirgment does
not apply tp parts whose essential characteristics may be adversely affected by plating such gs bimetallic
blades, which if not plated shall be clamped into contact with parts which have adequate rgsistance to
corrosion. Buitable corrosion resistance‘may be achieved by plating or a similar process.

19.2.7 Compliance with 19.2.1 to 19.2.6 inclusive is checked by inspection. In addition, compliance with
19.2.3 and 19.2.6 is checked-by- an inspection of the metallic resilient parts after the tests of Clause 17
have been|completed.

20 Creepage distances, clearances and distances through solid insulation

CONTROLS shallbé. constructed so that the CLEARANCES, CREEPAGE DISTANCES and distances through solid
insulation Tre adequate to withstand the electrical stresses that can be expected.

Printed wiring boards conforming with all of the requirements for type 2 protection as specified in IEC
60664-3 shall comply with the minimum requirements of 20.3 for solid insulation. The spacing between the
conductors before the protection is applied shall not be less than the values as specified in Table 1 of IEC
60664-3:2016. See also Annex Q.

CREEPAGE DISTANCES and CLEARANCES between terminals for the connection of EXTERNAL CONDUCTORS
shall be not less than 2 mm, or the specified limit, whichever is the highest. This requirement does not
apply to such terminals if they are only used for factory attachment of conductors or if they are used for
connection in ELV circuits.

CREEPAGE DISTANCES, CLEARANCES and distances through solid insulation in switch mode power supplies
and other high frequency switching circuits where the fundamental frequency is above 30 kHz and less
than 10 MHz shall be dimensioned in accordance with IEC 60664-4.
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The tabulated values of Clause 20 are absolute minimum values that must be maintained for all

manufacturing conditions and through the lifetime of the equipment.

Compliance is checked by inspection, by measurement and by the tests of this clause.
NOTE 1 The requirements and tests are based on IEC 60664-1 from which further information can be obtained.

NOTE 2 A CREEPAGE DISTANCE cannot be less than the associated CLEARANCE. The shortest CREEPAGE DISTA
is equal to the required CLEARANCE.

NOTE 3 See Annex S for guidance.

NCE possible

20.1 Clearances

CLEARANCE$ shall not be less than the values shown in Table 22 for case A, taking 'into 3
POLLUTION DEGREE and the RATED IMPULSE VOLTAGE required to serve the overvoltage categori

21, except [that, for BASIC INSULATION and FUNCTIONAL INSULATION, smaller distanees may be
CONTROL meets the impulse withstand test of 20.1.12 and the parts are rigid or-held by mouldin

construction is such that there is no likelihood of the distances being reduced by distortion or by
of the partg (for example, during OPERATION or during assembly), but in no case shall the CLEA
less than thie values for case B.

Compliancg is checked by inspection, by measurement and, if necessary, by the test of 20.1.12)

NOTE 1 CON[TROLS normally are expected to comply with the requirements for the OVERVOLTAGE CATEGORY of|
which they ardq used unless special circumstances determine other categories to be appropriate. Annex L provides guid

NOTE 2 CON
subjected to tH

[TROLS which are constructed in accordance with,the minimum dimensions of Table 22, for case A,
e impulse test of 20.1.12. For further informationen case A and case B, see 5.1.3.2 and 5.1.3.3 of IEC 6(

DETACHABLE
hexagon nt

E PARTS are removed. CLEARANCES are measured with movable parts and part
ts which can be assembled in different orientations placed in the most unfavourable

A force is applied to bare conductors and ACCESSIBLE SURFACES in order to attempt to reduce C
when making the measurement,

The force 2 N for bare conductors;

30 N for ACCESSIBLE SURFACES.

ccount the
bs of Table

used if the
bs, or if the

movement
RANCES be

equipment in
hnce.

need not be
664-1:2007.

s such as
position.

| EARANCES

The force ik n'n'nlinnl hy means of the test fingnr of Eiqure 2 A'morl'ume are assumed. o be ¢

vered by a

piece of flat metal.

NOTE CLEARANCES are measured as specified in Annex B.
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Table 21
(20.1 of edition 3) — Rated impulse voltage for equipment energized directly from the supply mains

(from IEC 60664-1:2007, Table F.1)

Nominal voltage of the supply Voltage line-to-neutral Rated impulse voltage required according to
based on IEC 600382° derived from nominal overvoltage category ©
v voltages a.c. or d.c. up Vv
to and including
Three-phase Single-phase ¢ \" | Il 1 v
four-wire systems
systems ?
50 330 500 800 1500
100 500 800 1500 2500
120/240 150 800 1500 2 500 4000
230/40p 300 1500 2500 4 000 6 000
277/48D
400/69p 600 2500 4 000 6 000 8000

@ The first vglue listed is the line-to-neutral or the line-to-earth voltage and the second value listéd‘is'the line-to-line voltage.

® For CONTROLS capable of generating an overvoltage at the CONTROL terminals, for example, switching devices, {he RATED
IMPULSE VIOLTAGE implies that the CONTROL shall not generate overvoltage in excess‘ofithis value when used in accordance
with the relgvant standard and instructions of the manufacturer.
¢ See Annej L for an explanation of OVERVOLTAGE CATEGORIES and Annex M for.application guidance. OVERVOLTAGE
CATEGORY may be specified in a part 2 or in the final equipment standard.

4 See Anney K for other supply systems (for example, note that some three<phase, three-wire systems require higher RATED
IMPULSE VIOLTAGE than three-phase four-wire systems of similar voltage).

(20.2 of edition 3) — Clearances for insulatigﬁtt):lce)-(z)fdination (from IEC 60664-1:2007, Table F.2)
Rated impulse Clearances in air up to 2 000 m above sea-level
voltage from
Table 21} mm
CaseA CaseB
(impulse test required — see 20.1.12)
Pollution degree °© Pollution degree ©
kV 1 2 3 4 1 2 3 4
0,33 0,01 0,01
0,50 0104 0,20 0,04 0,2
0,80 0410 08 1,6 0,1 0,8 '6
1,5 0,5 0,5 0,3 0,3
2,5 15 15 15 06 08
4,0 3 3 3 3 1,2 1,2 1,2
6,0 55 55 55 5,5 2 2 2 2
8,0 8 8 8 8 3 3 3

NOTE For small values of CLEARANCES, the uniformity of the electric field can deteriorate in the presence of POLLUTION,
making it necessary to increase the CLEARANCE values above the values of case B.

@ For FUNCTIONAL INSULATION, the RATED IMPULSE VOLTAGE is derived from the value in column 3 of Table 21 which covers
the measured voltage across the CLEARANCE, unless otherwise declared and justified by the manufacturer. If the secondary
winding of the stepdown transformer is earthed, or if there is an earthed screen between the primary and secondary windings, the
reference for the RATED IMPULSE VOLTAGE for the CLEARANCES of BASIC INSULATION on the secondary side shall be one
step lower than that which covers the rated input voltage of the primary side of the transformer.

Table 22 Continued on Next Page
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Table 22 Continued

Rated impulse Clearances in air up to 2 000 m above sea-level
voltage from
Table 21° mm
Case A Case B
(impulse test required — see 20.1.12)
Pollution degree © Pollution degree °©
KV 1 | 2 [ 3 ] 4 1 | 2 [ 3 ] 4

The use of an isolating transformer without an earthed protective screen does not allow a reduction in the RATED IMPULSE
VOLTAGE.

b For altitudes fpn factor

specified in IEC 60664-1:2007, Table A.2.

¢ An explanatjon of POLLUTION DEGREE is given in Annex N.

20.1.1 The CLEARANCES of BASIC INSULATION shall be sufficient to withstand the oVervoltages that can be
expected in use, taking into account the RATED IMPULSE VOLTAGE. The values-of Table 22, cape A apply
except as permitted by 20.1.7.

Compliancg is checked by measurement.

20.1.1.1 Ijthe CONTROL is supplied from a dedicated battery which has no provision for charging from an
external mgins supply, the RATED IMPULSE VOLTAGE shall be assomed to be 71 V peak.

20.1.2 Fo[ FUNCTIONAL INSULATION, Table 22, case A applies
— except ag permitted by 20.1.7;

or
— except thaat CLEARANCES for ELECTRONIG'CONTROLS are not specified if the requirements of H.2[7.1.1.3 are
met with th¢ CLEARANCES short-circuited.
20.1.3 Campliance with 20.1js‘checked by measurement using the methods of measurement|as given in
Annex B and Figure 17.
20.1.3.1 FKor CONTROLS provided with an equipment inlet or socket-outlet, the measurementg are made
twice, once|with an_appropriate connector or plug inserted, and once without a connector or plug inserted.
20.1.3.2 FRor tefminals intended for the connection of EXTERNAL CONDUCTORS, the measuremefts of such

terminals a

and once without conductors fitted.

re made twice, ornce with conaductors of the largest cross-sectional area used in 10.1.4 fitted,

20.1.3.3 For terminals intended for the connection of INTERNAL CONDUCTORS, the measurements of such
terminals are made twice, once with conductors of the minimum cross-sectional area used in 10.2.1 fitted,
and once without conductors fitted.

20.1.4 Distances through slots or openings in surfaces of insulating material are measured to metal foil
in contact with the surface. The foil is pushed into corners and the like by means of the standard test finger
shown in Figure 2, but is not pressed into openings.

20.1.5 The standard test finger is applied to apertures as specified in 8.1, the distance through insulation
between LIVE PARTS and the metal foil shall then not be reduced below the values specified.
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20.1.6 If necessary, a force is applied to any point on bare LIVE PARTS which are accessible before the
CONTROL is mounted, and to the outside of surfaces which are accessible after the CONTROL is mounted, in

an endeavour to reduce the CREEPAGE DISTANCES, CLEARANCES and distances through insulation while
taking the measurements.

20.1.6.1 The force is applied by means of the standard test finger and has a value of:
— 2 N for bare LIVE PARTS;

— 30 N for ACCESSIBLE SURFACES.

Compliancg is checked by measurement and by test if necessary.

20.1.7 FQqr BASIC INSULATION and FUNCTIONAL INSULATION, smaller distances may be,permitted if the
CONTROL mpeets the impulse withstand test of 20.1.12 and the parts are rigid or held by.mouldings, or if the

constructign is such that there is no likelihood of the distances being reduced by, distortion, by movement
of the partg, or during assembly, but in no case shall the CLEARANCES be less than the values fof case B.

Compliancg is checked by the test of 20.1.12.

When testing FUNCTIONAL INSULATION, the impulse voltage is applied a¢ross the CLEARANCE.

NOTE When farrying out the impulse test, parts or components of the CONTROL can be disconnected if necessary.

20.1.7.1 For MICRO-DISCONNECTION and MICRO-INTERRUPTION, there is no specified minimum ¢istance for
the CLEARANCE between the contacts and between those current-carrying parts where the |CLEARANCE
varies with{the movement of the contacts.

20.1.7.2 For FULL DISCONNECTION, the values specified in Table 22, case A apply to parts s¢parated by
the switchipg element including the contacts,/when the contacts are in the fully open position.

20.1.8 CLEARANCES of SUPPLEMENTARY INSULATION shall be not less than those specified for BASIC
INSULATION|in Table 22, case A.

Compliancg is checked by measurement.

20.1.9 CUEARANCES-Of.REINFORCED INSULATION shall be not less than those in Table 22, case |A but using
the next higher step-for RATED IMPULSE VOLTAGE as a reference.

NOTE For DDOUBLE INSULATION, where there is no intermediate conductive part between the BASIC INSULATION and
SUPPLEMENTARY INSULATION, CLEARANCES are measured between LIVE PARTS and the ACCESSIBLE |[SURFACE or
accessible metal parts. The insulation system is treated as REINFORCED INSULATION.

Compliance is checked by measurement.

20.1.10 For CONTROLS or portions of CONTROLS supplied from a transformer with DOUBLE INSULATION,
CLEARANCES of FUNCTIONAL INSULATION and BASIC INSULATION on the secondary side are based on the

secondary voltage of the transformer which is used as the nominal voltage of Table 21.

NOTE 1 The use of a transformer with separate windings alone does not allow a change of OVERVOLTAGE CATEGORY.

In the case of supply voltages derived from transformers without separate windings, the RATED IMPULSE
VOLTAGE shall be determined from Table 21 based on the primary voltage for stepdown transformers, and

based on the maximum measured r.m.s. value of the secondary voltage for step-up transformers.
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Part 2s may specify alternative criteria for some situations, for example, high voltage ignition sources.

Annex F, Table F.2 of IEC 60664-1:2007 gives CLEARANCE dimensions for higher impulse withstand
voltages.

NOTE 2 See also references in Clause 24.
Compliance is checked by measurement or test if necessary.

20.1.11 For circuits having ELV levels which are derived from the supply by means of PROTECTIVE
IMPEDANCE, CLEARANCES of FUNCTIONAL INSULATION are determined from Table 21 based on the maximum

measured Value of the WORKING VOLTAGE in the ELV circuit.

20.1.12 The impulse voltage test, when required, is applied in accordance with 6.1.2(2.+ of IEC 60664-
1:2007.

Part 2s may specify environmental test conditions.

The impulse voltage is applied between LIVE PARTS and metal parts s€parated by BASIC INJULATION or
FUNCTIONAL INSULATION.

NOTE In the cpse of FUNCTIONAL INSULATION, parts or components of the CONTROL can be disconnected if necesgary.

20.1.13 If|the secondary of a transformer is earthed, or if there is an earthed screen between {he primary
and secondary windings, the CLEARANCES of BASIC INSULATION on the secondary side shall not be less than
those specified in Table 22 but using the next lower stepfor RATED IMPULSE VOLTAGE as a reference.

NOTE The usp of an isolating transformer without an earthed-protective screen or earthed secondary does not allow p reduction in
the RATED IMPULSE VOLTAGE.

For circuits| supplied with a voltage lower than rated voltage, for example, on the secondary side of a
transformer, CLEARANCES of FUNCTIONAL INSULATION are based on the WORKING VOLTAGE, which|is used as
the rated vqltage for Table 21.

20.1.14 Sge Annex J.
20.1.15 Sge Annex H.

20.2 Cregdpage distances

20.2.1 CONTROLS shall be constructed so that CREEPAGE DISTANCES for BASIC INSULATION are not less than

those specified in Table 23 for the rated voltage, taking into account the material group and the POLLUTION
DEGREE.

CREEPAGE DISTANCES are not specified for ELECTRONIC CONTROLS if the requirements of H.27.1.1.3 are met
with the CREEPAGE DISTANCE short-circuited.

Compliance is checked by inspection and measurement.

DETACHABLE PARTS are removed. CREEPAGE DISTANCES are measured with movable parts and parts which
can be assembled in different orientations placed in the most unfavourable position.

A force is applied to bare conductors and ACCESSIBLE SURFACES in order to attempt to reduce CREEPAGE
DISTANCES when making the measurement.
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The force

is: 2 N for bare conductors;
30 N for ACCESSIBLE SURFACES.

The force is applied by means of the test finger of Figure 2. Apertures are assumed to be covered by a
piece of flat metal.

NOTE CREEPAGE DISTANCES are measured as specified in Annex B.

20.2.2 CONTROLS shall be constructed so that CREEPAGE DISTANCES for FUNCTIONAL INSULATION are not

less than t
POLLUTION

Part 2s ma

Complianc

DETACHABL
can be ass

A force is
DISTANCES

The force

The force
piece of fla

NOTE 1 CRHE
NOTE 2 The
The PTI valug

Materials, thg
testing.

NOTE 3 For

nose specified in Table 24 for WORKING VOLTAGE, taking into account the material gr
PDEGREE.

y specify alternative criteria for some situations, for example, high voltage ignition so

e is checked by inspection and measurement.

E PARTS are removed. CREEPAGE DISTANCES are measured with movable parts and
lembled in different orientations placed in the most unfavourahle position.

applied to bare conductors and ACCESSIBLE SURFACESN order to attempt to reducs
when making the measurement.

is: 2 N for bare conductors;
30 N for ACCESSIBLESURFACES.

s applied by means of the test finger of Figure 2. Apertures are assumed to be c(
t metal.

FPAGE DISTANCES are meagured as specified in Annex B.
elationship between material group and proof tracking index (PTI) values is found in 6.13.
s refer to values obtained in accordance with IEC 60112, and tested with solution A.

PTI values ef Which have previously been found to comply with these material groups, are acceptable

bup and the

urces.

parts which

p CREEPAGE

bvered by a

without further

need not be

glass, ceramics, or other inorganic insulating materials which do not track, CREEPAGE DISTANCESY

greater than t

neirassocated CEEARANCE for the purpose of imsutatiorrco-ordimatior:
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Table 23
(20.3 of edition 3) — Minimum creepage distances for basic insulation
Rated Creepage distances ?
voltage
up to and mm
including Pollution degree
Printed wiring 1 2 3 4
material ®
Pollution
degree Material group Material group Material group
\") 1° 24 | 1l 115 | 11 1] | 1l me
50 0,025 0,04 0,2 0,6 0,9 1,2 1,5 1,7 1,9 2,0 2.5 3,2
125 0,16 0,25 0,3 0,8 1,1 1,5 1,9 21 2,4 2,5 3,2 4,0
250 0,56 1 0,6 1,3 1,8 2,5 3.2 3,6 4,0 5.0 6,3 8,0
400 1 2 1,0 2,0 2,8 4,0 5,0 5,6 6,3 8,0 10,p 12,5
500 1,3 2,5 1,3 2,5 3,6 5,0 6,3 7.1 8,0 10,0 12,p 16,0
630 1,8 3,2 1,8 3,2 4,5 6,3 8,0 9,0 10,0 12,5 16,p 20,0
800 24 4 24 4,0 5,6 8,0 10,0 11,0 12,5 16,0 20,p 25,0

@ Lacquered
larger than th

conductors of windings are considered to be bare conductors but CREEPAGE DISTANCES are not requiied to be
e associated CLEARANCE specified in Table 22.

b When printéd circuit boards are coated in accordance with Annex P or Clause@.4 and the coating has a PTI of at leasst 175, the
values specified for POLLUTION DEGREE 1 are permitted. The PTI shall be‘measured in accordance with IEC 60112
¢ Material grqups I, 11, Illa and llib.
4 Material grqups I, Il and llla.
¢ Material grqup Il includes llla and Illb. Material group IlIb is notpetmitted for application above 630 V or for applicatign in
POLLUTION|DEGREE 4.
Compliancg is checked by measurement.
Table 24
(20.4 of edition 3) — Minimum creepage distances for functional insulation
Working Creepage distances ¢
voltage
rm.s.? mm
Pollution degree
Printed wiring
material® 1 2 3 4
\V Hollutioh degree Material group Material group Material group
1¢ 27 I 1l 1] [ I e I I ne
10 0,025 0,04 0,08 0,40 0,40 0,40 1 1 1 1,6 1,6 1,6
12,5 0,025 0,04 0,09 0,42 0,42 0,42 1,05 1,05 1,05 1,6 1,6 1,6
16 0,025 0,04 0,1 0,45 0,45 0,45 1,1 1,1 1,1 1,6 1,6 1,6
20 0,025 0,04 0,11 0,48 0,48 0,48 1,2 1,2 1,2 1,6 1,6 1,6
25 0,025 0,04 0,125 0,5 0,5 0,5 1,25 1,25 1,25 17 1,7 1,7
32 0,025 0,04 0,14 0,53 0,53 0,53 1,3 1,3 1,3 1,8 1,8 1,8
40 0,025 0,04 0,16 0,56 0,8 1,1 1,4 1,6 1,8 1,9 2,4 3
50 0,025 0,04 0,18 0,6 0,85 1,2 1,5 17 1,9 2 25 3,2
63 0,04 0,063 0,2 0,63 0,9 1,25 1,6 1,8 2 2,1 2,6 34

Table 24 Continued on Next Page
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Table 24 Continued

associated (

¢ There are 1}
terminals an

4 When print
values speci

¢ Material gr
fMaterial grd

9 Material gr
POLLUTION

Working Creepage distances ¢
voltage
rm.s.? mm
Pollution degree
Printed wiring
material® 1 2 3 4
\V] Pollution degree Material group Material group Material group
1¢ 2f [ ] n [ 1 ne I 1 ne

80 0,063 0,1 0,22 0,67 0,95 1,3 1,7 1,9 2,1 2,2 2,8 3,6
100 0,1 0,16 0,25 0,71 1 1,4 1,8 2 2,2 2,4 3 3,8
125 0,16 0,25 0,28 0,75 1,05 1,5 1,9 2,1 24 2,5 3,p 4
160 0,25 04 0,32 0,8 1,1 1,6 2 2,2 2,5 3,2 4 5
200 0,4 0,63 0,42 1 1,4 2 2,5 2,8 3,2 4 6,3
250 0,56 1 0,56 1,25 1,8 25 3,2 3,6 4 5 6,3 8
320 0,75 1,6 0,75 1,6 2,2 3,2 4 4,5 5 6,3 8 10
400 1 2 1 2 2,8 4 5 5,6 6,3 8 1 12,5
500 1,3 2,5 1,3 2,5 3,6 5 6,3 7,1 8 10 12/5 16
630 1,8 3,2 1,8 3,2 4,5 6,3 8 9 10 12,5 14 21
800 24 4 2,4 4 5,6 8 10, 1 12,5 16 2 25

@ For higher WORKING VOLTAGES, the values of Table F.4 of IEC 60664-1:2007 apply.

® For glass, ¢eramics and other inorganic materials which do not track, CREEPAGE DISTANCES need not be greater fhan their

LEARANCE.

o requirements across MICRO-INTERRUPTION otherthan between terminals and TERMINATIONS. Bet
I TERMINATIONS, the requirements are as specified.in this table.

ied for POLLUTION DEGREE 1 are permitted. The PTI shall be measured in accordance with IEC 60112
ups I, 11, Illa and Illb.
ups |, Il and llla.

up lll includes llla and IlIb. Material'group llIb is not permitted for application above 630 V or for applicati
DEGREE 4.

bd circuit boards are coated in accordance with-Annex P or Clause Q.1 and the coating has a PTI of at legst 175, the

ween

nin

Complianc

20.2.3 CH
BASIC INSUI

Compliand

e is checked by inspéection.

EEPAGE DISTANCES of SUPPLEMENTARY INSULATION shall be not less than those apq
ATION taking into account the material group and the POLLUTION DEGREE.

e is'checked by inspection and measurement.

ropriate for

20.2.4 CREEPAGE DISTANCES of REINFORCED INSULATION shall be not less than double those appropriate for
BASIC INSULATION, taking into account the material group and the POLLUTION DEGREE.

Complianc

e is checked by inspection and measurement.

20.2.5 See AnnexJ.

20.3 Soli

d insulation

Solid insulation shall be capable of durably withstanding electrical and mechanical stresses as well as
thermal and environmental influences which may occur during the anticipated life of the equipment.
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20.3.1
INSULATION.

20.

3.1DV D2 Addition: Add the following paragraph to 20.3.1:

There is no dimensional requirement for the thickness of BASIC INSULATION or FUNCTIONAL

Insulation required in place of spacings between a magnet-coil winding and other
uninsulated live parts or grounded metal parts may be thinner than 0.7 mm provided that it
complies with the Induced potential test of 13.2.1DV.1 — 13.2.1DV.2.

20.3.2 The distance through insulation for SUPPLEMENTARY INSULATION and REINFORCED INSULATION, for

WORKING V(

NOTE This dg

more air layers.

For CONTR(
SUPPLEMEN

layers of ing

20.3.21 T
than mica @

— For suPH
withstands

— For REINH

withstand the electric strength test of 13.2 for REINFORCED INSULATION.

Compliancy

20.3.2.2 T
INSULATION

— The max
permissible

— The insul
25 K in ex
electric strg
oven and a

es not imply that the distance has to be through insulation only. The insulation can consist of salid'materi

LS having parts with DOUBLE INSULATION where there is no metal between BASIC INSU
FARY INSULATION, the measurements are made as though there is a-metal foil betwe

ulation.

he requirement of 20.3.2 does not apply if the insulationis applied in thin sheet
r similar scaly material.

LEMENTARY INSULATION, it consists of at least two. layers, provided that each of
fhe electric strength test of 13.2 for SUPPLEMENTARY INSULATION.

ORCED INSULATION, it consists of at least three layers, provided that any two laye

b js checked by inspection and by test.

he requirement of 20.3.2-does not apply if the SUPPLEMENTARY INSULATION or the R
s inaccessible and meets one of the following criteria.

mum temperature~determined during the tests of Clauses 27 and H.27 does not
value specified in Table 13.

btion, aftérhaving been conditioned for 168 h in an oven maintained at a temperatu
tess of the maximum temperature determined during the tests of Clause 14, with
ngth test of 13.2, this test being made on the insulation both at the temperature occy

—q—nh

LTAGES up to and including 300 V, between metal parts shall not be less than 0,7 mn.

Al plus one or

LATION and
en the two

orm, other

the layers

rs together

EINFORCED

pxceed the

re equal to
stands the
rring in the

ter cooling to approximately room temperature.

For optocouplers, the conditioning procedure is carried out at a temperature of 25 K in excess of the
maximum temperature measured on the optocoupler during the tests of Clauses 14, 27 and H.27, the
optocoupler being operated under the most unfavourable conditions which occur during these tests.

Compliance is checked by inspection and by test.

20.3.2.2DV D2 Modification by replacing the last paragraph of 20.3.2.2 with the following
text:

Optocouplers shall comply with the requirements for the Standard for Optical Isolators, UL
1577.
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21 Resistance to heat, fire and tracking
21.1 General requirements
All non-metallic parts of a CONTROL shall be resistant to heat, fire and tracking.

Compliance is checked by the tests of 21.2, except that INDEPENDENTLY MOUNTED CONTROLS are checked
by the tests of 21.3.

No requirements exist for small parts as defined in 3.1 of IEC 60695-2-11:2000.

NOTE In the USA, compliance is checked by the procedure given in Annex D.

211DV D2 Modification by replacing the last sentence of 21.1 with the following and adding
21,1DV.1 and 21.1DV.2:

Cgmpliance is checked in accordance with the requirements of the Standard for] Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

2111DV.1 A non-metallic enclosure of a Class Ill independently mounted or in-ling cord
control with an available energy greater than 15W and'less than or equal to 100W (Class 2)
shall have a minimum flammability rating of V-2.

2111DV.2 A non-metallic enclosure of a Class lllI'integrated or incorporated contrgl with an
avpilable energy greater than 15W and less than or equal to 100W (Class 2) shall have a

minimum flammability rating of V-2, V-1 orV/-0 or tested in accordance with Sectipns 15 or
16|of UL 746C provided that the construction of the end-use product safeguards the other
relevant properties as noted in UL 746C.

21.2 Integrated, incorporated andin:line cord controls

The follow|ng test sequences shall be conducted as appropriate to the position or function fof the non-
metallic paft and the declared-ball pressure and glow-wire test temperatures.

NOTE CONTROLS can be _used in widely different end applications. Selection of test levels from the requirements|below can be
influenced by|consideratiofiof the end-application standard’s requirements.

21.2.1 Far parts which are accessible when the CONTROL is mounted in its manner of intendgd use, and
the deteriofation of which may result in the CONTROL becoming unsafe:

— ball pressure test 1 of G.5.1;

— the glow-wire test of Clause G.2 carried out at 550 °C.

21.2.2 For parts which retain in position current-carrying parts other than electrical connections:
— ball pressure test 2 of G.5.2;

— the glow-wire test of Clause G.2 carried out at 550 °C.

NOTE The tests are not applicable to parts retaining in position current-carrying parts in low-power circuits as described in H.27.1.1.1
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21.2.3 For parts which maintain or retain in position electrical connections,

— ball pressure test 2 of G.5.2;

followed by the glow-wire test at the temperature appropriate for the application and as declared for the

CONTROL:

NOTE 1 See Annex F for further information.

Glow-wire test at 650 °C

— the glow-
Glow-wire 1
— the glow-
Glow-wire 1
— the glow-

The tests ¢

wire test of Clause G.2 carried out at 650 °C.
est at 750 °C
wire test of Clause G.2 carried out at 750 °C.
est at 850 °C

wire test of Clause G.2 carried out at 850 °C.

described i

[

re not applicable to parts retaining in position currént-carrying parts in low-power
H.27.1.1.1.

NOTE 2 CON[TROLS can be used in widely different end applications. Selection of test levels from the requirements

influenced by

NOTE 3 For (
connections ci

21.2.4 Fo
— the glow-

shall be car

NOTE Unless|
21.2.4.

2125 Vo

tonsideration of the end-application standard’s requiremients.

ONTROLS intended for incorporation into appliances within the scope of IEC 60335-1 parts within 3 m
hn be evaluated as per 30.2 of that standard.

 all other parts, (except decorative trim, knobs, etc.)
wire test of Clause G.2 .cartied out at 550 °C.

ried out.

otherwise indicated in a part 2, diaphragms, gaskets and sealing rings of glands are not subjected t

circuits as

below can be

In of electrical

b the tests of

21.2.6 Void

21.2.7 Resistance to tracking

All non-metallic parts for which a CREEPAGE DISTANCE is specified in 20.2 shall have a resistance to tracking
as declared.

NOTE 1 Required values of resistance to tracking are given either in the Part 2s of IEC 60730 or in the relevant equipment standard.

CONTROLS designed for OPERATION at ELV levels are not subjected to a tracking test.

NOTE 2 Within a CONTROL, different parts can have different PTI values appropriate to the MICRO-ENVIRONMENT of the part.
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Compliance is checked by the tests of Clause G.4 carried out at one of the following PTI values as
declared in Table 1, requirement 30:

-100V;
-175V;
-250V;

-400V;

- 600 V.

NOTE 3 For|
conductive m|
to determine

21.3 Ind¢pendently mounted controls

The test sq

21.3.1 Preconditioning

Preconditiq

— without 1}
being conn

— with T rg
CONTROL @

at (Tuax * 2

— with T ra
the switchi

21.4 Corn

CONTROLS
in 2.1.3 sh
d.c. circuit

the purposes of 21.2.7, the proximity of arcing contacts is not considered to increase the depositi
pterial as the endurance tests of Clause 17, followed by the electric strength tests of Clause 13, are deq
he effect of POLLUTION arising from within the CONTROL.

quence of 21.2.1 through 21.2.7 applies, preceded by the preeonditioning of 21.3.1.

ning shall be carried out in a heating cabinet as-follows:

[ rating: 1 x 24 h at (80 £ 2) °C, the circuif(of the switching part and the driving mec
ected, with detachable COVERS removed;

ting for temperatures not exceeding 85 °C: 1 x 24 h at (80 = 2) °C, the switching
nd the driving mechanism not being connected and without COVERS and subsequer

K with COVERS, with the ciretiit of the switching part and driving mechanism being ¢

fing for temperatures exceeding 85 °C: 6 x 24 h at (Ty. £ 2) K with COVERS, with |
hg part and driving mechanism being connected.

trols with mercury-tube switch

employing a mercury-tube switch intended for connection to a working-voltage circui
bl perform acceptably when tested in series with a standard non-renewable cartridg
of\the voltage specified for test in 17.1.1, except that a.c. with a non-inductive Ig

bn of external
med sufficient

hanism not

part of the
tly 6 x24h
bnnected;

he circuit of

t as defined
e fuse on a
ad may be

employed

f the device-is-inteanded - foruse onac -onhe The fusa ratina and canacibvrof tha tact
—He-aeHeeISHteRaeatodsSe-oha-—ohf—Re- bS8 RtRgahRa-capachy-6+thHetest

circuit shall

be as spec

ified in Table 25.

The enclosure and any other exposed metal are to be grounded and cotton is to be placed around all
openings in the enclosure.

There shall be no ignition of the cotton or insulation on circuit conductors nor emission of flame or molten
metal except mercury from the enclosure housing the switch. Wiring attached to the device, except tube
leads, shall not be damaged. Successive OPERATIONS are to be conducted by alternately closing the
mercury-tube switch on the short circuit and closing the short circuit on the mercury tube by means of any
Suitable switching device.

NOTE In the countries members of CENELEC, 21.4 does not apply.
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Table 25
(21.4 of edition 3) — Mercury switch short-circuit conditions
\" Maximum rating ? S.C. current Minimum fuse rating®©
A 0-125 126 — 250 251 - 660
0-250 2000 VA 1000 20 15 -
0-250 30A 3500 30 30 -
0-250 63 A 3500 70 70 -
251 - 660 63 A 5000 -~ - 30

® Minimum fyse

200, 225, 25

full-load ampere rating and in any case not less than that shown.

¢ For the purpose of this test, ampere ratings for fuses are 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110,\125, [150, 175,
. Intermediate size fuses may be used.

@ Requirements for applications greater than 63 A are under consideration.

t-tmes motor

Cotton used shall be as specified in Annex C.

The switch heed not be operative after the tests.

21.101DV DR Addition of 21.101DV.1:

21.101DV.1 Electrical cONTROLS employing polymeric.parts that are intended to be installed

Prgducts and Their Accessories Installed‘in Air-Handling Spaces, UL 2043.

22 Resisfance to corrosion

221

Resistance to rusting

in air handling spaces or in other environmental.air'space (plenums) shall be invgstigated
for|the application and their fire-resistance and\low-smoke-producing characteri
acg¢ordance with the Standard for Fire test for,Heat and Visible Smoke Release fo

tics in
Discrete

22.1.1 Fefrous parts, including\€OVERS and enclosures, the corrosion of which might impair gompliance
with this stgndard, shall be protected against corrosion.

22.1.2 Th|s requirement does not apply to temperature SENSING ELEMENTS or to other component parts
whose performance would be adversely affected by protective treatment.

22.1.3 Cdmpliahce is checked by the following test:

22.1.4 The parts are subjected to a test of 14 days duration at 93 % to 97 % relative humidity at (40 +

2) °C.

22.1.5 After the parts have been dried for 10 min in a heating cabinet at a temperature of (100 + 5) °C,
their surfaces shall show no corrosion which might impair compliance with Clauses 8, 13, and 20.

22.1.6 Traces of rust on sharp edges and a yellowish film removable by rubbing are ignored.

NOTE 1 Parts protected by enamelling, galvanizing, sherardizing, plating or other recognized equivalent protection are deemed to
meet this requirement.
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NOTE 2 For small helical springs and the like, and for parts exposed to abrasion, a layer of grease can provide sufficient protection
against rusting. Such parts are subjected to the test only if there is doubt about the effectiveness of the grease film, and the test is
then made without removal of the grease.

23 Electromagnetic compatibility (EMC) requirements — Emission
See also Clause H.23.

23.1 FREE-STANDING and INDEPENDENTLY MOUNTED CONTROLS, which cycle during normal OPERATION, shall

be so constructed that they do not generate excessive radio interference. INTEGRATED and INCORPORATED
CONTROLS are not subjected to the tests of 23.1, as the result of these tests can be affected by the

incorporatipn—of-the CONTROL-in—equipment—Fheymay—however—becarried—out-on-such-GONTROLS if

requested py the manufacturer.

Equipment that uses integrated or INCORPORATED CONTROLS should comply with its relevant pjoduct EMC
standard. INTEGRATED and INCORPORATED CONTROLS are tested in the end use equipment.

Compliancg is checked by one of the following methods:

a) Testing lin accordance with CISPR 14-1, with the following modification and/or CISPR 22,|class B. In
4.2.3.3 of CISPR 14-1:2005, the value of 200 ms is replaced by 20 ms;

b) Testing as detailed in 23.1.1 and 23.1.2, resulting in a maximum duration of radio frequency lemission of
20 ms. Where such CONTROLS have a click rate greater than.5,"method a) shall be followed.

¢) Examination and/or tests to show that the minimuntime between contact OPERATIONS dufing normal
OPERATION|cannot be less than 10 min.

Compliance with method b) or c) shows compliahace with method a).

23.1.1 T¢st conditions

One previqusly untested sample is subjected to the test.

The electrical and thermal conditions are as specified in 17.2 and 17.3, except as follows:
— for SENSING CONTROQLSS;\the rate of change of activating quantities is a; and B;

— for non-3ENSINGS\CONTROLS, the CONTROLS are caused to operate at the lowest contact operating speed
possible dtllring normal OPERATION;

— for CONTROLS declared for use with inductive loads, the power factor is 0,6, unless declared otherwise in
Table 1, requirement 7. For CONTROLS declared with purely resistive loads, the power factor is 1,0.

23.1.2 Test procedure
The CONTROL is operated for five CYCLES OF CONTACT OPERATION.

The duration of radio interference is measured by an oscilloscope connected to the CONTROL so as to
measure the voltage drop across the contacts.

NOTE For the purpose of this test, radio interference is any observed fluctuation of voltage across the contacts which is
superimposed on the supply waveform as a result of contact OPERATION.
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23.2 coNTRoLS for ISM (Industrial, Scientific and Medical) equipment and free-standing, independently
mounted and IN-LINE CORD CONTROLS for use with ISM equipments shall comply with the requirements of
CISPR 11.

NOTE See also Table 1, requirement 89.
24 Components

24.1 Transformers intended to supply power to a SELv-circuit or PELV-circuit shall be of the safety
isolating type and shall comply with the relevant requirements of IEC 61558-2-6.

Capacitors [connected between two line conductors or between a line conductor and the|neutral or
between HAzARDOUS LIVE PARTS and protective earth shall be in accordance with IEC 60384-14 and shall
be used in accordance with its rated values.

Fuses shall comply with the requirements of IEC 60127-1 or IEC 60269-1, as appropriate.

If varistors|are used as surge protective devices, they shall be selected)to withstand thg¢ impulses
correspondjng to the installation class for which is intended to be used. Additionally, if they are|connected
to the supply mains, they shall comply with IEC 61051-1, IEC 61051-2©r+EC 61051-2-2.

241DV D2 Modification of 24.1 by adding the following text after the first paragraph:

Transformers shall comply with the relevant requirements of the Standard for Lqw Voltage
Trgnsformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage
Tragnsformers — Part 3: Class 2 and Class(3 Transformers, UL 5085-3. Fuses shall comply
with the requirements of the relevant.standard for low-voltage fuses, UL 24814. Other
fuges are considered to be intentionally weak parts and shall be evaluated in agcordance
with H.27.1.1.

Thermistors shall either comply with UL 1434 or Annex J of this standard.
24.1.1 CONTROLS that incorparate a transformer as the source of supply to a SELV-circuit or HELV-circuit

are subjecfed to an output test with the primary energized at the upper limit of the rated [voltage as
indicated in|17.2.2, 17.2.3:1 and 17.2.3.2.

Switch mode power-supplies or transformers used in converters shall comply with the requirements of IEC
61558-2-14.

Under any non-capacitive conditions of loading (from no load to the short-circuiting of any or all secondary
SELV- or PELV-circuit terminals) and without disturbing internal connections, the secondary output voltage

shall not be greater than that defined in 2.1.5.

If a converter or switch mode power supply is used as the source of supply to a SELV-circuit or PELV-circuit,
Clause T.3 applies.

The secondary output power at the terminals to an ISOLATED LIMITED SECONDARY CIRCUIT shall not exceed
100 VA and the secondary output current shall not exceed 8 A after 1 min of OPERATION with overcurrent
protection, if provided, bypassed.
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24.1.1DV D2 Modification of 24.1.1 by adding the following text after the first paragraph:

In addition, the transformer shall also comply with the requirements of the Standard for
Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for
Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

24.2 Components other than those detailed in 24.1 are checked when carrying out the tests of this

standard.

24.2.1 However for r*nmlnnnnn‘re which have lnr'm/imlely bheen found to r*nmlnly with g relevan

standard, t

a) the appl
testing to t

b) testing 3
standard.

See also A
24

24
re
raf

referenced in 1.2DV. A component need-not comply with a specific requirement t

24

24

24

24

b reduce the testing necessary, assessment is limited to the following:

cation of the component within the CONTROL is checked to ensure that it is covered
ne |IEC safety standard;

ccording to this standard of any conditions not covered by the previous testing to the

nnex J.
2.1DV D2 Modification of 24.2.1 by adding 24.2.1DV.1:

2.1DV.1 A component of a product covered by this standard shall comply with

ing and other limitations of use. A list of standards covering various compon

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

b) Is superseded by arrequirement in this standard.
2.1DV.2 Deleted
2.1DV.3.1 Deleted
2.1DV.3.2 Deleted

2.1DV.3.3 Deleted

IEC safety

by previous

IEC safety

the

iuirements for that component, and shalltbe used in accordance with its recognized

nts are
hat:

24

24

24

24

24

24

.2.1DV.3.4 Deleted

.2.1DV.3.5 Deleted

.2.1DV.3.6 Deleted

.2.1DV.3.7 Deleted

.2.1DV.3.8 Deleted

.2.1DV.3.9 Deleted
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24.2.1DV.3.10 Deleted

24.2.1DV.3.11 Deleted

24.3 Annex U is not applicable to relays used as components in a CONTROL.

24.4 Switch mode power supplies not covered by 24.2.1, including their peripheral circuitry, used in
ELECTRONIC CONTROLS shall comply with the tests of 24.4.1 and all of the applicable requirements of this

standard.

NOTE Subclayise 24.4.1.11 gives the compliance criteria for the tests.
24.41 Overload tests for switch mode power supplies

24.41.1 Kach output winding, or section of a tapped winding, is overloaded in turna, one at a|time, while
the other windings are kept loaded or unloaded, whichever load conditions-of\NORMAL USE is the least
favourable.

24.4.1.2 The overload is carried out by connecting a variable resistor (or an electronic load)|across the
winding or the rectified output. The resistor is adjusted as quickly as possible and readjusted, iflnecessary,
after 1 min fo maintain the applicable overload. No further readjustments are then permitted.

24.41.3 FHor this test, any protective devices such as afuse, manual reset circuit protectpr, thermal
protector, efc. are allowed to remain in the circuit.

24.41.4 If overcurrent protection is provided by.a current-breaking device, the overload tesf current is
the maximim current which the overcurrent pratection device is just capable of passing for|1 h. If this
value canngt be derived from the specification, it is to be established by test.

24.4.1.5 If no overcurrent protection iS,provided, the maximum overload is the maximum pdwer output
obtainable from the power supply.

24.41.6 In case of voltage-foldback, the overload is slowly increased to the point which ¢auses the
output voltage to drop byc5:%. The overload is then established at the point where the output voltage
recovers and held for the.duration of the test.

24.4.1.7 The duration of the test is to be for 1 h or until ultimate results are reached.

24.41.8 The maximum open-circuit voltage of each winding (directly at the winding of the transformer)
and the maximum load current are measured and recorded such that the maximum output power may be
determined.

24.4.1.9 The maximum open circuit voltage measurements shall be made during normal OPERATION and
under single component FAILURE, see Table H.24.

244110 For SELV applications, where the maximum open circuit voltage measured directly at the
secondary of the transformer exceeds the limits specified in 2.1.5, the measurement of the maximum
output voltage of each winding may be made after certain PROTECTIVE IMPEDANCES. In this case, the limits
shall be in accordance with H.8.1.10.1.

24.41.11 Following each test (while still in a heated condition), the transformer is to be subjected to the
electric strength test of 13.2.
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24.41.12 Compliance shall be in accordance with items a), b), c), d), e) and f) of H.27.1.1.3.

245 Annex J is not applicable to THERMISTORS used in a circuit which meets all of the following
requirements:

—type 1 CONTROL as declared in Table 1, requirement 39;

— connected to a SELV/PELV circuit as specified in Clause T.1, or protected against the risk of electric
shock through double or reinforced insulation, or by means of PROTECTIVE IMPEDANCE;

— low power circuit as. epnr‘ifind in H27 111 _or the CONTRQL or final nquipmnnf r‘nmpline ith Clause
H.27.1.1.5|when the THERMISTOR is open or short circuited;

— the coNJRoL or final equipment complies with Clause H.27 when the THERMISTORliS opgn or short
circuited;

— CONTROLJwith CLASS A CONTROL FUNCTIONS as declared in Table 1, requirement 92.
25 Normal operation

25.1 Gerferal

See AnneX H.

25.2 Overvoltage and undervoltage test

A CONTROl incorporating an electro-magnet shall~Operate as intended at any voltage within the range of
85 % of the minimum rated voltage and 110 %.0f the maximum rated voltage, inclusive.

Compliance is checked by subjecting the CONTROL to the following tests at the maximum arld minimum
operating gonditions declared, exceptthat only a CONTROL having T,,;, less than 0 °C is tested gt T ;-

The CONTROL is subjected to\,1 Vg .. until equilibrium temperature is reached and then tested
immediately for OPERATION at 1,1 Vg max @nd at rated voltage.

The CONTROL is also-Subjected to 0,85 Vi i, until equilibrium temperature is reached and fhen tested
immediately for ORERATION at 0,85 Vg i

26 Electfomagnetic compatibility (EMC) requirements — Immunity

See Clause H.26.

NOTE In general, the tests of Clause H.26 are not applicable to non-electronic CONTROLS because of their tolerance to such
perturbations. The appropriate tests for specific types of non-electronic CONTROLS are typically included in other clauses of the
appropriate part 2.

27 Abnormal operation

271 See Annex H and Annex J.
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27.2 Burnout test

CONTROLS incorporating electro-magnets shall withstand the effects of blocking of the CONTROL
mechanism.

Compliance is checked by the tests of 27.2.1 and 27.2.2.

NOTE For relays and contactors, compliance with this requirement is established by successful completion of the tests of Clause 17.

27.2.1 The CONTROL mechanism is blocked in the position assumed when the CONTROL is de-energized.
The CONTROL is then energized at rated frequency and rated voltage as indicated in 17.2.2, 17.2.3.1 and
17.2.3.2.

The duration of the test is either 7 h; or until an internal protective device, if any, operates; or until burnout,
whichever ¢ccurs first.

27.2.2 Affer this test, the CONTROL shall be deemed to comply if:

— there hag been no emission of flame or molten metal, and there is'no evidence of damjage to the
CONTROL which would impair compliance with this standard;

— the requinements of 13.2 are still met.

NOTE The CQNTROL need not be operative following the test.

27.2.3 Blocked mechanical output test (abnormal-témperature test)

CONTROLS with motors, such as electric actuators; shall withstand the effects of blocked output without
exceeding {he temperatures indicated in Table 26. Temperatures are measured by the method $pecified in
14.7.1. Thig test is not conducted on CONTROLS with motors, such as electric actuators, where, when
tested under blocked output conditionssfor 7 h, any protective device, if provided, does not dycle under
stalled condiitions, and which do not exeeed temperature limits in Table 13.

27.2.3.1 GONTROLS with motars;.such as electric actuators, are tested for 24 h with the outpuflblocked at
rated voltage and in a roaom)ytemperature in the range of 15 °C to 30 °C, the resulting| measured
temperature being correctédto a 25 °C reference value.

NOTE In Cangda and the USA, the test is conducted at the voltages indicated in 17.2.3.1 and 17.2.3.2.

For coNTRQLS with motors declared for three-phase OPERATION, the test is to be carried out with any one
phase disconnected.
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Table 26
(27.2.3 of edition 3) — Maximum winding temperature (for test of mechanical blocked output
conditions)
Condition Temperature of insulation by class
°C
A E B F H 200 220 250
If impedance protected: 150 165 175 190 210 230 250 280
If protected by protective devices:
During first hour
— maxinium value 200 215 225 240 260 280 300 330
After first hour
— maxinpum value 175 190 200 215 235 255 275 305
— arithmetic average 150 165 175 190 210 230 250 280
27.2.3.2 [he average temperature shall be within the limits during both the*second and the twenty-fourth
hours of the test.
NOTE The dverage temperature of a winding is the arithmetic average of thé,maximum and minimum values ¢f the winding
temperature quring the 1 h period.
27.2.3.3 Puring the test, power shall be continually supplied to the motor.
27.2.3.4 |mmediately upon completion of the test, {he motor shall be capable of withstanding|the electric
strength tept specified in Clause 13, without first applying the humidity treatment of 12.2.

27.3 Ovgdrvoltage and undervoltage test

Void.

27.4 See

27.5 Overload tests

27.5.1 General

The tests 4

Annex H.

resconducted as follows.

— CONTROLS as specified without protective devices and without incorporated fuses are loaded for 1 h with
the conventional tripping current for the fuse which in the installation will protect the CONTROL.

— CONTROLS protected by protective devices (including fuses) are loaded in such a way that the current
through the CONTROL is 0,95 times the current with which the protective device releases after 1 h. The
temperature rise is measured after a steady state has been reached or after 4 h, whichever is the shorter

time.

— CONTROLS protected by incorporated fuses complying with IEC 60127-1 shall have those fuses replaced
by links of negligible impedance and shall be loaded in such a manner that the current through the links
shall be 2,1 times the rated current of the fuse. The temperature rise is measured after the CONTROL has
been loaded for 30 min. The value 2,1 times can be de-rated by 0,5 %/K, if the overload test is carried out

at a higher

temperature compared to normal room temperature.
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— CONTROLS protected both by incorporated fuses and by protective devices are loaded either as described
above with incorporated fuses or with another protective device, choosing the test requiring the lower load.

— CONTROLS protected by protective devices which will short-circuit only in case of overload shall be tested
both as CONTROLS with protective devices and as CONTROLS without protective devices.

27.5.2 Overload tests carried out on in-line cord controls as indicated in 11.10.2 and provided
with a plug and socket outlet

The tests according to 27.5.1 shall be carried out.

The tempellature shall not exceed those indicated in Table 13.

27.5.3 For controls not covered by 27.5.2

The tests gccording to 27.5.1 shall be carried out at ambient temperature (20" 5) °C. If ¢leclared in

requiremen
CONTROLS.

The compli
27.

Fo

t 97 of Table 1, the test will not be done for INCORPORATED (CONTROLS and |

hnce with items a) to g) of H.27.1.1.3, where applicable, is Verified.

5.101DV D2 Addition:

controls intended for fixed wiring or independently mounted controls where

either integrated in the control or fixed, the tests of 27.5 are not applicable.

27.6 Battery short-circuit test

For CONTR(
can be sho
being fully

The duratio
27.6.1 Aff

— there ha
CONTROL W

DLS having batteries that canbe removed without the aid of a TOOL and having ter
t-circuited by a thin straight-bar, the terminals of the battery are short-circuited with
harged.

n of the test is either'1 h or until ultimate condition exists, whichever occurs first.
er this test,,the' CONTROL shall be deemed to comply if:

5 been~no emission of flame or molten metal, and there is no evidence of dam|
hichnwould impair compliance with this standard;

NTEGRATED

he load is

minals that
the battery

age to the

— the requirements of 13.2 are still met.

NOTE The CONTROL need not be operative following the test.

28 Guidance on the use of electronic disconnection

See Annex

H.
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Dimension in millimetres
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Figure 1

Testpin
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dimensions without specific tolerance:

er: for example, heat-treated steel
his finger may be bent through an angle of 90° but in one and the same direction only.

hnd groove solution is-only one of the possible approaches in order to limit the bending angle to 90°. Fd
d tolerances of these'details are not given in the drawing. The actual design must ensure a 90° bending 3

Figure 2
Standard test finger

r this reason,
ngle with a 0°
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Figure 2DV D2 Replacement of Figure 2:

Figure 2DV
Standard test finger
510.5 =|| ||= 180
-1 ] 80
K 60
ro— 30 —=f .
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T
]

Dimensions in millimetres

0
on angles: {
9 10

on linear dimensions:

mm

up to _25-mm: 00

over 25 mm: 1£0,2 mm

Handle
%/ Stop plate

Material of finger: heat—treated steel, elc.

Both joints of this finger may be bent through an angle of (90 0

M Section C-C
%_JLA1j r-pJ “@'"
< Rog
X Q
. o)
Spherical S
?E:SL:Ie) ~ —i- Chamfer all edges
View on back side
Part\ 2 Part 1
1
7N IEN
il [YJ

Tolerances on dimensions, without specific tolerance:

+10

)" but in one and the same direction only.

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90"

cal

For this reason dimensions and tolerances of these details are not given in the draowing. The octual design must

ensure a (90 +100). bending angle.
S4283
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Insulating material
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Figure 3
Test nail
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Output flexible 2 m —\

Sample 'nput flexible 2 m

——

<

Glass surface /

500 mm

— Pull equal to that
given in Table 9

Hardwood

(
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sm470b

Figure 4

Impact test for free-standing controls

IEC

Dimensions in millimetres

200 min. 19 mm thick blockboard

or suitable alternative

sm473b

Figure 5

Tumbling barrel

IA e &
—_—
Adjustable automatic Method of drive can bé
counting device for "V" belt between barrel ahd
rdecordmgdlh‘e ”“mb?}: of electric motor or any ‘other
rops and stopping the suitable method’
barrel at the required Shelf f;ced W“T‘
number of revolutions non grip material © =
~ 3
|
— Centre
of axis,
{ o
[
I
% ! 2
Transparent sheets for ‘
observation purposes. |
b — ———1 May be removable
I LIIIIIIIIIE for loading
1B 45°
Impact base 3 mm
hick steel plate -
= —1\°
19 mm thick blockboard|
or suitable alternative.
Can be removable for the
replacement of the impgct
1l — plates
(@) (@)
To suit width Barrel to rotate
of barrel clockwise

IEC
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RZ5mm —
>\/ Spherical \\ Specimen \/(

su1112a

Figure 6

Ball-pressure-apparatus

Figure 7

Void
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Dimensions in millimetres

| 450 centers

/ Guide forstrip\/

Sliding weight

SM467

Hook for spring balance Bross washers

Hard white buffing felt 65 x 7.5

Wing{_nut

Figure 8

Apparatus for testing durability‘of markings on rating labels

60 x 2.5
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Dimensions in millimetres

Sample
Devicg for fixing )
the sgmple I A
N, e <;’\
> (\",_’ :‘ ’—/
> A
|
I
1 g
: 4O | e
Axis of oscillation | N
|
Edges well rounded |
h
40 Guide \W i !
i ' %
|
< ; |
I t

R7,5 Z i .
Shape of hole in guide |

su1660
Figure 9

Apparatus for flexing test
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Screws not requiring washer, clamping plate or anti-spread

device

A fixed part
B washer or cl
C anti-spread
D conductor s
E stud

Screws requiring washer, clamping plate or anti-spread device

B

Optional

SM474A
pmping plate
Hevice
bace

b

Screw terminals

Stud terminals

Figure 10

Optional

“

).

Optional

Screw terminals and stud terminals (1 of 2)
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Figure 10
Screw terminals and stud terminals (2 of 2)

Dimensions in millimetres

Current carried by terminal® Minimum Maximum gap Minimum torque
diameter between Nm
conductor conductor
For flexible For fixed space restraining Slotted screws Other screws
conductor conductor parts One screw | Two screws | One screw | Two screws
A A D e g g
0-6 8-6 +4 40 64 04 -
6-10 0-6 1,7 1,0 0,5 - 0,5 -
10-16 6-10 2,0 1,5 0,8 - 08 -
16-25 10-16 2,7 1,5 1,2 0,5 1,2 0,5
25-32 16-25 3,6 1,5 2,0 1,2 2,0 1,2
- 25-32 43 2,0 2,0 1,2 2,0 1,2
32-40 32-40 55 2,0 2,0 1,2 2,0 1,2
40-63 40-63 7,0 2,0 2,0 2,0 3,0 2,0

The part whigh retains the conductor in position may be of insulating material, provided-that the pressure necessary to ¢lamp the
conductor is ot transmitted through the insulating material.

The sketches|are not intended to govern design except as regards the dimensions’shown.

@ Requiremerts for applications greater than 63 A are under consideration,
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Terminal without pressure plate

L

Terminal with pressure plate

SM466

Dimensions in millimetres

Current cﬂrried by . Minimum Minimum torque
| ra Maximum .
terminal - distance
Minimum gap Nm
di & bet between
For For fixed |am0<|e er e '\jlveetn clamping screw | Screws without Slotted screws Other screws
flexible ||conduc tcon uc | con tuc_ or and end of heads
conduc tor or space i:‘es r:::s conductor when
tor ap fully inserted
One Two One Two One Two Onge Two
screw | screws | screw, [\Screws | screw | screws | scrgw | screws
A A D e ] ]
0-10 0-6 2,5 0,5 1,5 1,5 0,2 0,2 0,4 0,4 0.4 0,4
10-16 6-10 3,0 0,5 1,5 1,5 0,25 0,2 0,5 0,4 0.4 0,4
16-25 10-16 3,6 0,5 1,8 1,6 0,4 0,2 0,8 0,4 0,4 0,4
25-32 16-25 4,0 0,6 1,8 1,5 0,4 0,25 0,8 0,5 0,4 0,5
- 25-32 4,5 1,0 2,0 1,5 0,7 0,25 1,2 0,5 1, 0,5
32-40 32-40 55 1,3 25 2,0 0,8 0,7 2,0 1,2 2, 1,2
40-63 40-63 7,0 1,5 3,0 2,0 1,2 0,7 2,5 1,2 3, 1,2
The part of the terminal containing the threaded hole and the part of the terminal against which the conductor is clampgd by the

screw may b

The shape o

minimum va

The minimur

in which the

The sketche

e two separate parts; as in.the.case of terminals provided with a stirrup.

b are not intended to govern design except as regards the dimensions shown.

the conductor space/may differ from those shown in the figures, provided a circle with a diameter equal tp the
Le specified for D ¢an be inscribed.

h distance between‘the clamping screw and the end of the conductor when fully inserted applies only to the terminals
conductor cannot pass right through.

@ Requireme)

hts for dpplications greater than 63 A are under consideration.

Figure 11

Pillar terminals
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M A
|| | /
1 |
SM465
A fixed part
D conductor space
The bottom offthe conductor space must be slightly rounded, in order toobtain a reliable connection.
Terminal size Minimum diameter of conductor Minimum distance between fixed part
space ? and end of conductor when fully
inserted
mm mm
0 1,4 1,5
1 1,7 1,5
2 2,0 1,5
3 2,7 1,8
4 3,6 1,8
5 4,3 2,0
6 5,0 2,5
7 7,0 3,0
8 8,5 4,0

@ The value df the)torque to be applied is that specified in Table 20.

Figure 12

Mantle terminals
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A A
N T
1 1 1 1
B i A
% 1! |% [ W : % I\
t'j B \T/ 8 \_I,)(C
- D“ L D -=
SM464
A saddle
B fixed part
C stud
D conductor
a) Saddle terminals
I .
T - A
[ 1] (Lil)
N : B

A locking means
B cable lug off bar
E fixed part
F stud

b) Lug terminals

Figure 13

Saddle and lug terminals
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10° to 50°/<

End shaped to facilitate
application of receptacle

G Dimensions in millimetres
Dimension Connector size
For Figure 14 and 152 28 48 6,3 9,5
14 (min.) b 7,7 6,9 8,6 14,0
I (min.)b 7,0 6,2 79 12,0
13 (max.)¢ 3,0 52 6,7 8,2
14 1,0£0,2 2,5+0,25 32+03 42+03
/5 (max.) 0,7 12 13 1,7
Ig (max.) 0,7 1,2 1,3 1,7
a +0,1 +0,2 +2,0 +2,0
b4 (hole) 127 1475 167 ¢ 21757
by (slot)@ 12*91 14132 1691 21%92
+0,15 +0,15
bo 28+0,1 475+0,2 6,3 01 9,5 01
b3 (min.)e 2,0 2,0 2,5 2,5
tf 0,5+0,025 0,8+0,03 0,8+0,03 1,2+0,03
p (max.) 9 0,8 12 12 17
0. 0 0
k - 073 1 1004 15 04
X - 1,0+0,2 1,0+0,2 14102

NOTE: The sketches are not intended to govern.design except as regards the dimensions shown.

a Tabs may have an optional detent for latéhing. Round dimple detents, rectangular dimple detents and hold
detents shall be located in the area bounded by dimensions b1, /3 and /4 along the centre line of the tab.

Tabs may be manufactured from more than one layer of materials, provided that the resulting tab complies with

this standard.

Details for tabs having corrdgations or depressions are under consideration.

b In order to provide sufficient clearance for receptacles intended to be provided with a sleeve, it may be
necessary to increase this dimension by 0,5 mm to ensure that the means of location operates correctly.

¢ The length of thesslat\(75. /4 ) must be at least equal to its width (b).
d These toleran€es are chosen so as to allow the tabs to be used as a part of a terminal with screw clamping.
e Over the deuble~hatched area, the thickness shall not exceed the upper limit of the material thickness

specifieds

f  Withithe-exception of the dimple or hole and the area indicated by dimension "b", the thickness "t " shall be
nfaintained over the whole connecting area. Compliance shall be determined by measurement over any
seetion (3,2 0,2) mm?2 ,in a circular area. In addition, the overall flatness shall have a tolerance of 0,03 mm.

g \This dimension applies only to the raised side of the tab; on the reverse side, the flatness tolerance extends
across the full width of the tab.

Sul662

Figure 14

Tabs
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For dimensions, see Figure 14
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Figure 15

Tabs for non-reversible connectors
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|

Il

P

lt—— (D ——o

T
9
1

SM459A

Dimensions in|millimetres

Dimension Connector size

2,8 4,5 6,3 9.5
b (max.) 4 6 8 12,5
e (max.) 12 12 15 40
h (max.) @ 1 2 2,5 32
/ (max.) 18 18 22 47
s (min.) 4,5 5 6 10
X (min.)® - 0,9 1,2 17
y (max.) 0,5 0,5 0,5 1,0
z (max.) 1,5 1,5 2,0 20

The dimensipns shown apply to the crimped condition.

Dimensions for RECEPTACLES provided with a sleeve and for, RECEPTACLES with a pre-insulated barrel are under
consideratiof.

The sketche$ are not intended to govern design except as regards the dimensions shown.

@ Maximum dffset dimension from the centre line of thé_TAB blade.
® Applies only to RECEPTACLES for non-reversible.connectors.

Figure 16

Receptacles
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Metal enclosure
(cover)
k3 4 Pd
AV ] L . )
Isolating barrier
4
2 3
S E—]
Integral mountng i Isoltatled (:tead
means (metd) metal pa
L1
5
| > 1
L o \ 1
Mounting purface Live part
atbs1
Insulating
material
IEC

sm460a

1 = between LLIVE PARTS and other metal parts (including physically~exposed electrical isolated metal parts)

2 = between LIVE PARTS required to be insulated from each other (FUNCTIONAL INSULATION), except between confacts.

3 = between LIVE PARTS separated by the action of the CONTROL (SAME POLARITY)

a FULL DISCONNECTION
b thgse distances do not apply between-erminals intended for connection to FIXED WIRING

4 = between|LIVE PARTS and metal enclgsure of enclosed CONTROLS (these distances do not apply to the houking, frame or
integral mourjting means of a CONTROL intended for installation within an enclosure of the equipment controlled).

5 = between |LIVE PARTS in recesses\of INDEPENDENTLY MOUNTED CONTROLS and the surface to which thef CONTROL is
mounted. Thig distance may be reduced with the addition of an appropriate seal or barrier.

Figure 17
Measurement of creepage distance and clearance
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Figures 18 to 24 Void

N

Key

C circuit of Figure E.1

1 ACCESSIBUY
2 inaccessible)
3 BASIC INSU

4 SUPPLEMENTARY INSULATION
5 DOUBLE INBULATION
6 REINFORCIED INSULATION

Diagram fq

su0081a

E PART
metal part
LATION

Figure 25

r leakage current measurement at operating temperature for single-phase connection of
class Il controls
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su0082a

Key
C circuit of Figure E.1
Figure 26

Diagram fpr leakage current measurement at operating temperature for single-phase connection of
controls other than class Il
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| — /
7
2 /
V
s 13 % C
4 ——
Il I
a\o b & \o c
N *—
L 1 @
L, ®
L, ®
1IEC 547/01
su0083
Key Connections and supplies
C circuit of Flgure E.1 [y, Ly, L, N supply voltage with neutral

1 ACCESSIHLE PART

2 inaccessible metal part

3 BASIC INJULATION

4 SUPPLEMENTARY INSULATION
5 DOUBLE INSULATION

Figure 27

Diagram for leakage current‘measurement at operating temperature for three-phase connection of
class Il controls
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_
-
L/ ¢
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IEC 548/01
su0084

Key Connections and supplies

C circuit of Higure E.1 L7 Ly, La, N supply voltage with neutral

Eigure 28

Diagram for leakage current measurement at operating temperature for three-phase connection of
controls other than class I
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7 Z @

120 V
240 V

120 V

SM477

Figure 29

Diagram fqr leakage current measurement at operating temperature for single-phase connection of
controls otherthan class Il

~
7

N
DA

3

& N—grounded
120 Vv
240 V

?

SM478

120 V

Figure 30

Diagram for leakage current measurement at operating temperature for two-phase connection of
controls to three-wire, ground neutral supply other than class Il
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Figure 31DV D2 Addition of the following figure:

Figure 31DV

Diagram for weight and moment calculations

SIDE™ VIEW

C.G._&,Center of Gravity

CP100A

each of the

The| moment, center of gravity;~and dimensions of a plugs-in TIME SWITCH shall comply with

A. Tlhe quotient of WY/Z shall not exceed 48 ounces (1,36 kg).
B. Tlhe quotient of WY/S shall hot exceed 48 ounces (1,36 kg).
C. Tlhe product of WX shall not exceed 80 ounces-inches (0,56 Nm).
D. Tlhe dimension Z; shall not exceed 3-1/4 inches (82,6 mm).
E. The dimensions 84,'S,, Z,, and Z, shall not exceed 4 inches (127 mm).
Def{nitions forthe symbols used in the above paragraph are as follows:
W is the'weight of the switch in ounces (kg),
Y is.imnvinches (mm),
2.is the smaller of Z, or Z, in inches (mm),
Sis the smaller of S, or S, in inches (mm), and
WL
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A1

Annex A
(normative)

Indelibility of markings

to the requirements for indelibility:

A1

Markings which are not mandatory within the requirements of this standard.

Markings on CONTROLS shall be adequately indelible for safety and are therefore classified according

A.1.2 Markings which are mandatory within the requirements of this standard but which are not

accessible

These ma
CONTROL M
MANUFACTU
the presen

A.1.3 Ma
to the final

These ma
withstand

shall survi
be resistan

A.14 Co
A.1.3isch
The princif
locked aga
and to exe
eccentric)

During the
with the na

The solver]

— neutral |
solvent in ¢

tothefimat USER whenmthe CONTROC 1S ounted or imstattedimtheequipmeTt:

'kings have to be sufficiently resistant to removal to withstand the manual_han
ANUFACTURER'S factory after final inspection, being packed and transported 'to the
RER'S factory, and handled during installation. Additionally, the marking. shall rema
Ce of any vapour or other contaminant likely to be present.

rkings which are mandatory within the requirements of this standard and which are
USER of the equipment after the CONTROL is mounted or installéd,as for NORMAL USE.

'kings, in addition to being resistant to the handling, etc., described in A.1.2, h
he rubbing and handling expected during the use of-the equipment. Markings on

e the continual handling and rubbing as a result efymanual ACTUATION. Other mark
t to cleaning, polishing and the like.

mpliance with the requirements for indelibility of markings classified according ta
bcked by the tests of Clause A.2 or A.3 using the apparatus shown in Figure 8.

al part consists of a disc of hard white’ buffing felt, 65 mm in diameter and 7,5 mm i
inst rotation and is arranged to mmove across the surface to be tested with a strok
't a measurable force on this surface. The standard test shall be 12 strokes (i.e., roté
hnd shall take approximately 156 s.

tests, the appropriate ‘part of the buffing disc is covered with one layer of white ah
o surface external.

ts used are:

quid detergent blended from alkyl benzene sulphonate and non-ionic detergents
Jeionized (distilled) water where the solvent consists of:

dling in the
EQUIPMENT

In legible in

accessible

ave also to
nobs, etc.,
ngs should

A.1.2 and

hick. This is
e of 20 mm
tions of the

sorbent lint

br 2 % of a

«7

%A with volume) Natriumdodecylbenzyisulfonat, (Isomere). formula: C18H29NaO3

S, CAS-No.

25155-30-0, and

* 30 % (with volume) Glycerin (other names: Glycerol, 1,2,3-Propantriol, Propantriol,E 422),
formula: C3H803, CAS-No. 56-81-5;

— n-hexane (aliphatic solvent hexane with a content of aromatics of maximum 0,1 volume %, initial boiling
point of approximately 69 °C and specific gravity of approximately 0,66 g/cm®, CAS-No. 110-54-3), and

— deionized (distilled) water.

A.2 Compliance with the requirements for indelibility of markings classified according to A.1.2 is checked
by the following tests:
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A.2.1 The markings under consideration shall withstand drops of detergent standing on the marked
surface for a period of 4 h. At the end of this period, the detergent "scab(s)" shall be removed by a very
fine spray of warm water (40 + 5) °C or by lightly wiping with a damp cloth.

A.2.2 The sample shall then be allowed to dry completely in an ambient room temperature of (25 £ 5) °C.

A.2.3 The sample shall then be rubbed in the apparatus of Figure 8, using dry lint and a weight of 250 g

measured as indicated.

A.2.4 The sample shall then be rubbed using water-soaked lint and a weight of 250 g.

A25 Iftt
(for examp

A26 Att

A3 Comg

Strape Or poSItionT of Tarking 15 SuctT that it tanmot be bfeached or rabbed Wit 13
e, by recessing the marked surface) then the tests of A.2.3 and A.2.4 are not applied

ne conclusion of these tests, the marking shall still be legible.

liance with the requirements for indelibility of markings classified aceording to A.1.3

by the following tests:

A3.1 The
weight of 7

A3.2 The

A3.3 The
surface for
fine spray g

A3.4 Afte
weight of 7

A.3.5 Aftg
spirit soake

A.3.6 For
7,6 mm in

buffing disg
shall be req

A3.7 Att

marking under consideration shall be rubbed in the apparatusof Fiqure 8 using a di
b0 g.

marking shall then be rubbed in the apparatus using @water-soaked lint and a weig

marking under consideration shall then withstand drops of detergent standing on 1

f warm water (40 = 5) °C or by lightly wiping-Wwith a damp cloth.

r being allowed to dry it shall be rubbed in the apparatus using a detergent soake
b0 g.

r surplus detergent has been shaken off it shall be rubbed in the apparatus, using g
d lint and a weight of 750-g.

the tests of A.3.1 to A.3.5 the thickness of the buffing disc may be progressively re

apparatus

is checked

y lint and a

ht of 750 g.

lhe marked

a period of 4 h. At the end of this period, the detergent "scab(s)" shall be removed by a very

) lint and a

petroleum

Huced from

brder that the marking may be reached and rubbed. However, the minimum thickmess of the

shall be not less than 2,5 mm. If the thickness of the buffing disc is reduced the weig
uced in lineafkproportion.

ne conclusion of these tests, the marking shall still be legible.

ht of 750 g
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Annex B
(normative)

Measurement of creepage distances and clearances in air

When determining and measuring CREEPAGE DISTANCES and CLEARANCES, the following assumptions are
made, where D is equal to the CLEARANCE in air prescribed for the distance under consideration (see
Figure B.1 to Fiqure B.11 for examples of methods of measurement of CREEPAGE DISTANCE and
CLEARANCES):

— a groove may have parallel, converging or diverging side walls;

— if a grooye has diverging side walls, it is regarded as an air gap if its minimum width exceeds D/12, its
depth excgeds D/2 and its width at the bottom of the groove is at least equal to D/3 (see Figtrg B.8) but in
no case smaller than the minimum value X as permitted in the tabulation below;

— any corner having an angle less than 80 ° is assumed to be bridged by an insdlating link having a width
equal to DY3 or 1 mm, whichever is less, which is placed in the most unfaveurable position [see Figure

B.3);

— if the distance across the top of a groove is a least equal to D/3,~or 1 mm, whichever |is less, the
CREEPAGE PISTANCE path follows the contour of the groove unless otherwise specified immediately above
(see Fiqurg B.2);

— for CREEPAGE DISTANCES and CLEARANCES in air between~parts moving relatively one to an¢ther, these
parts are cpnsidered to be in their most unfavourable position to each other;

— CREEPAGE DISTANCES determined according to<these rules are not less than the cofresponding
(measured) CLEARANCES in air;

— any air gap having a width less than D/3-or 1 mm, whichever is less, is ignored in calculating the total
CLEARANCH in air;

— for inserfed or set-up barriers, the GREEPAGE DISTANCES are measured through the joint unlegs the parts
are so cemented or heat-sealed together that ingress of humidity or dirt into the joint is not liablg to occur.

In the examples shown in Figure B.1 to Figure B.10, the following identification is used:

............... is @ CREEPAGE DISTANCE,
iS @ CLEARANCE in air.

See Table B.1 for the value of X.

Table B.1
Value of X

Pollution degree Width X of grooves minimum values
mm
0,25
1,0
1,5
2,5

ANjwlINv]|~
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If the associated CLEARANCE is less than 3 mm, the minimum groove width may be reduced to one-third of
this CLEARANCE.

'v"v‘v‘v;v‘vv
FELHKKA

su1324a

The path under consideration includes a groove of any depth, having a width less than X.
Rule: The CLEARANCE path is the "line of sight" path.

Figure B.1

Narrow groove

su1325a

The path under consideration includes a groove of any depth, having a width equal to or more than X.
Rule: The CLEARANCE path is the "ling.of sight" path.
The CREEPAGE DISTANCE path follows the contour of the groove.

Figure B.2
Wide groove
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su1326a

The jpath under consideration includes a V-shaped groove having a width greater or equal to X.
Rule: The CLEARANCE path is the "line of sight" path.

The [CREEPAGE DISTANCE path follows the contour of the groove except that it bridges the groove where it§ width is equal
to X

Figure B.3
V-shaped groove

CLEARANCE mmmmmms CREEPAGE DISTANCE



https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

220 UL 60730-1 OCTOBER 18, 2021

R LIRRRRN S
SRR
su1327
Rib
<X <X
< = = ST ST

su1328a

The path under consideration includes an uncemented joint and grooves having a width less than X on either side.
Rule: The CREEPAGE DISTANCE path and the CLEARANCE path is the "line of sight" path as shown.

Figure B.5

Uncemented joint with narrow groove
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The
Rule: The CL|
The

A

Y

A
\

su1329a

path under consideration includes an uncemented joint and grooves having,a width equal to or more than(X.

EFARANCE path is the "line of sight" path as shown.
ICREEPAGE DISTANCE path follows the contour of the grooves.

Uncemented joint with wide groove

CLEARANCE

Figure B.6

= mmmmms CREEPAGE DISTANCE
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>X <X
P |—]
7N
su13%0a

The path under consideration includes an uncemented joint, a groove ©n ohe side having a width less than X;land a groove

on the other having a width equal to or more than X.
Rule: The CLBARANCE path and the CREEPAGE DISTANCE path are as.shown.

Figure B:7

Uncemented joint with\narrow and wide grooves
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>D/3
su1663
The|path under consideration includes a groove having diverging side walls, a depth equal to or greater than D/2 and a
width exceeding D/12 at the narrowest part and equal to or greater than D/3 at the hottom.
Rule: The CLEARANCE path is equal to the "line of sight" path.
The [CREEPAGE DISTANCE path follows the contour of the groove.

The

rule for Figure B.3 applies as well to the internal corners if they aré.less than 80°.

Figure B.8
Diverging side walls

CLEARANCE mmmmmms CREEPAGE DISTANCE
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su1331b

Figure B.9

Narrow'recess

Gap between pead of screw and wall of recess too narrow to be taken into accgunt for the creepage distance path.

su1332b

Gap between head of screw and wall of recess wide enough to be taken into account for the creepage distance path.

Figure B.10
Wide recess
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CLEARANCE mmmmmms CREEPAGE DISTANCE
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c

I d | ; 1 D |

} X ‘ ! } 5% }

|
oy R
C’ Floating part
Clearance is the distance d + D Creepage distance is also d + D
—— Clearance rm=mmumm: Creepage distance
su1569a
Figure B.11

Conductive floating part
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Annex C
(normative)

Cotton used for mercury switch test

(not applicable in the countries members of CENELEC)

C.1 Classification

Non-sterile

C.2 Geng¢ral requirements

Absorbent
material.

C.3 Fibre length

Not less th
may be 6 n

C.4 Absorbency

A specime
less than 2

C.5 Acidjty and alkalinity

A water ex
C.6 Resi
There shal
C.7 Wate
There shal
C.8 Fatty

There shal

an 60 % of the fibres by mass shall be at least 12 mm in length; not more than 10
m or less in length.

h of cotton shall be completely submerged in water within 10 s. The specimen shg
4 times its mass of water.

ract of the cotton shall be neutral.
due on ignition

be not more than 0,2 %\of residue.
r soluble material

be not more than 0,25 % of residue.

material

cotton shall be made from corded fibres, bleached white, free from adheringimpurities and fatty

% by mass

Il retain not

t of residue

be’no trace of blue, green or brownish colour in the ether solution and the amoun

shall not exceed 0,7 %.

C.9 Dyes

There shal

| be no evidence of a blue or green tint. A slight yellow is acceptable.

C.10 Other foreign matter

The pinches of cotton taken for determination of fibre length shall not contain oil stains or metallic

particles.


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

228 UL 60730-1 OCTOBER 18, 2021

Annex D
(informative)

Heat, fire and tracking

UL 746C is applicable in Canada and the USA. Revision is under consideration.
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Annex E
(normative)
Circuit for measuring leakage current
A suitable circuit for measuring LEAKAGE CURRENT in accordance with H.8.1.10 is shown in Figure E.1.
Weighted touch current
(perception/reaction)
A R — U
S = Cs ———=—tpeak value)
L|J 500
Test termipals
I *
B ——
Rg U, —cC, ||U,
°
su0093a
Rs 1500 Q R, 10000 Q
Rg 500 Q C,0,022 uF
Cs0,22 uF
NOTE This figure is taken from IEC 60990:1999, Figtire4.
Figure E.1
Circuit for measuring leakage currents
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Annex F
(informative)

Fire hazard testing

Information for CONTROLS to be integrated or incorporated into appliances according to the IEC 60335
series is given by a reference to IEC 60335-1.
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Annex G
(normative)

Heat and fire resistance tests
G.1 Void
G.2 Glow-wire test

The glow-wire test is carried out in accordance with IEC 60695-2-10 and IEC 60695-2-11.

The glow-wire test shall be carried out on the complete CONTROL. If this is not possible: on parfts removed
from the CONTROL. If this is not possible: on test plaques of similar thickness but not thickerthan the part.

G.3 Void
G.4 Prodf tracking test

The proof fracking test is made in accordance with IEC 60112.
For the punpose of this standard, the following applies:

— In Claus¢ 5 of IEC 60112:2003, Test specimen, Note 3 also-applies to the proof tracking tests of Clause
10 of IEC §0112:2003.

— In Clauge 7 of IEC 60112:2003, Test apparatus, Note 1 in 7.1 does not apply. The tesi solution A
described In 7.3 of IEC 60112:2003, Amendment 1:2009 is used.

—1In 7.3 of [EC 60112:2003, Amendment 1:2009,-Test solutions, Solution A shall be used generglly.

—1In 8.2 of [EC 60112:2003, "Preparation(’, the voltage referred to in the last sentence is set in 21.2.7 of this
standard. The proof tracking test of Clduse 10 of IEC 60112:2003 is carried out, five times.

G.5 Ball pressure test
The ball pressure test is carried out in accordance with IEC 60695-10-2 (see Figure 6 for test apparatus).

G.5.1 Ball pressure-test 1

For the purlpose of this standard, the temperature in the heating oven is the highest of:

— 20 °C = 2 K in excess of the maximum temperature measured during the tests of Clause 14,
-75°Ct2°C,
— as declared.

NOTE 1 For CONTROLS intended for incorporation into appliances within the scope of IEC 60335-1 the temperature might differ as
per 30.1 of that standard.

The support and the ball shall be at the prescribed test temperature before the test is started.

NOTE 2 The test is not made on parts of ceramic material and glass.
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G.5.2 Ball pressure test 2

The ball pressure test is carried out as described in G.5.1 except that the temperature in the heating oven
shall be T, £ 2 °C where T, is equal to the higher of:

— 100 °C when Ty, is 30 °C and up to, but excluding, 55 °C;
— 125 °C when Ty« is 55 °C and up to, but excluding, 85 °C;

— Tiax + 40 °C if Tyux is 85 °C or above;

— 20 K in eXcess of the maximum temperature recorded during the heating test of Clause 14;

— the tempeérature achieved during the test of H.27.1.1.3, if this is higher than the temperature given in the
preceding fpur dashed paragraphs.

NOTE For CONTROLS intended for incorporation into appliances within the scope of IEC 60335-#, the temperature rpight differ as
per 30.1 of thgt standard.
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Annex H
(normative)

Requirements for electronic controls
Annex H supplements or modifies the corresponding clauses of this standard.
H.2 Terms and definitions

H.2.4 Definitions relating to disconnection and interruption

H.2.4.2 Addition:

NOTE An ELECTRONIC DEVICE does not provide this disconnection.

H.2.4.3 Addition:

NOTE An ELECTRONIC DEVICE does not provide this disconnection.

H.2.4.4 Addition:

NOTE An ELECTRONIC DEVICE does not provide this disconnection.
Add the folfowing definition:

H.2.4.6
ELECTRONIE DISCONNECTION

non-cycling interruption by an ELECTRONIC DEVICE ‘of a circuit for functional disconnection|and which
provides a|disconnection other than by means of:an air gap by satisfying certain electrical reqyirements in
at least ong pole

Note 1 to enfry: ELECTRONIC DISCONNECTION ensures that, for all non-SENSING CONTROLS, the function coptrolled by the
disconnectior] is secure and that, for all SENSING CONTROLS, the function controlled is secure between thg limits of the
ACTIVATING|QUANTITY declared in Table #; requirement 36.

The disconnection may be obtained by an AUTOMATIC ACTION or a MANUAL ACTION.
Some CONTIROLS may incorporaté circuit disconnections of more than one form.

ELECTRONIEC DISCONNEEGTION may not be suitable for some applications. See Clause H.28.

H.2.5 Definjtions of type of control according to construction

Add the following definitions:

H.2.5.7
ELECTRONIC CONTROL
CONTROL which incorporates at least one ELECTRONIC DEVICE

H.2.5.8
ELECTRONIC DEVICE

device which produces a dynamic imbalance of electrons

Note 1 to entry: The essential function and construction are based on semi-conductor device, vacuum tube or gas discharge tube
technology.

H.2.5.9
ELECTRONIC ASSEMBLY
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group of components, at least one of which is an ELECTRONIC DEVICE, but in which individual parts may be
replaced without damage to the assembly

Note 1 to entry: An example of this is a group of components mounted on a printed circuit board.

H.2.5.10

INTEGRATED CIRCUIT ) o ) ) )
ELECTRONIC DEVICE contained within the bulk of a semi-conductor material and interconnected at or near

the surface

of that material

Note 1 to entry: The semi-conductor material is normally enclosed within some form of encapsulation.

H.2.5.11
HYBRID CIR({

circuit prod
technology,
connection

H.2.7 Defjnitions relating to protection against electric shock

Add the fol

H.2.7.14
PROTECTIVE

impedance
in NORMAL

Ad(d the fol,

H.2.16 Dg¢finitions relating to the structure of.controls using software

H.2.16.1
DUAL CHANN

structure w

Note 1 to ent
channels each

H.2.16.2
DUAL CHANN

DUAL CHAN
capable of]
FAULT/error

uIT

iced on ceramic substrate by means of thick film, thin film or surface-mounted déevi
without accessible electrical connections except for 1/O points, and (with

5 constructed as part of a lead frame or other integral construction

bwing definitions:

IMPEDANCE
connected between LIVE PARTS and accessible conductive parts, of such value that t
SE and under likely FAULT conditions in the equipment, is limited to a safe value

bwing definitions:

EL
nich contains two mutually INDEPENDENT functional means to execute specified OPER

y: Special provision may be made for control of COMMON MODE FAULT/ERRORS. It is not required
be algorithmic or logical.invnature.

EL (DIVERSE) WITH COMPARISON
NEL structlre containing two different and mutually INDEPENDENT functional me
providing *a declared response, in which comparison of output signals is per
recognition

ces (SMD)
all internal

he current,

ATIONS

that the two

ans, each
formed for

H.2.16.3

DUAL CHANNEL (HOMOGENEOUS) WITH COMPARISON
DUAL CHANNEL structure containing two identical and mutually INDEPENDENT functional means, each
capable of providing a declared response, in which comparison of internal signals or output signals is
performed for FAULT/error recognition

H.2.16.4

SINGLE CHANNEL

structure in

H.2.16.5

which a single functional means is used to execute specified OPERATIONS

SINGLE CHANNEL WITH FUNCTIONAL TEST o ) o )
SINGLE CHANNEL structure in which test data is introduced to the functional unit prior to its OPERATION

H.2.16.6

SINGLE CHANNEL WITH PERIODIC SELF-TEST
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SINGLE CHANNEL structure in which components of the CONTROL are periodically tested during OPERATION

H.2.16.7
SINGLE CHANNEL WITH PERIODIC SELF-TEST AND MONITORING .
SINGLE CHANNEL STRUCTURE WITH PERIODIC SELF-TEST in which INDEPENDENT means, each capable of

providing a declared response, monitor such aspects as safety-related timing, sequences and software
operations

H.2.17 Definitions relating to error avoidance in controls using software

H.2.17 1
DYNAMIC ANALYSIS

method of dnalysIsS 1N Wnhich INputs 10 a CONTROL are slimulated and 10dIC Signdals at the CITrCUl nodes are
examined for correct value and timing

H.2.17.2
FAILURE RATE CALCULATION

calculation|of the theoretical number of FAILURES of a given kind per unit

Note 1 to entry: For example, FAILURES per hour or FAILURES per cycle of OPERATION.

H.2.17.3
HARDWARE|ANALYSIS

evaluation [process in which the circuitry and components of a C@NTROL are examined for corrgct function
within their| specified tolerances and ratings

H.2.17.4
HARDWARE[SIMULATION

method of pnalysis in which circuit function and compoient tolerances are examined by use ofja computer
model

H.2.17.5
INSPECTION

evaluation|process in which the hardware~or the software specification, design or code is gxamined in
detail by a person or group other than the designer or programmer in order to identify possible grrors

Note 1 to entrly: In contrast to the WALK-THROUGH, the designer or programmer is passive during this evaluation.

H.2.17.6
OPERATIONAL TEST

evaluation [process in.which a CONTROL is operated under the extremes of its intended operating conditions
(for example, cycle-rate, temperature, voltage) to detect errors in design or construction

H.2.17.7 [Static'analysis

H.2.17.7.1
STATIC ANALYSIS — HARDWARE

evaluation process in which a hardware model is systematically assessed

Note 1 to entry: The evaluation may typically be computer-aided and may include examination of parts lists and circuit layouts, an
interface analysis and functional checks.

H.2.17.7.2
STATIC ANALYSIS — SOFTWARE

evaluation process in which a software programme is systematically assessed without necessarily
executing the programme

Note 1 to entry: The evaluation may typically be computer-aided and usually includes analysis of such features as programme logic,
data paths, interfaces and variables.
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H.2.17.8
SYSTEMATIC TEST

method of analysis in which a SYSTEM or a software programme is assessed for correct execution by the
introduction of selected test data

Note 1 to entry: For example see BLACK BOX TEST and WHITE BOX TEST.

H.2.17.8.1
BLACK BOX TEST ) . ] o )
SYSTEMATIC TEST in which test data derived from the functional specification is introduced to a functional

unit to assess its correct OPERATION

H.2.17.8.2
WHITE BOX JEST . S
SYSTEMATIQ TEST in which test data based on the software specification is introduced to,a programme to

assess the forrect OPERATION of subparts of the programme

Note 1 to entry: For example, data may be selected to execute as many instructions as possible, as many branches ap possible, as
many subroutipes as possible, etc.

H.2.17.9
WALK-THROWGH

evaluation process in which a designer or programmer leads members of an evaluation team through the
hardware design, software design and/or software code the designér or programmer has dgveloped in
order to identify possible errors

Note 1 to entry: In contrast to the INSPECTION, the designer or programmer, is‘active during this review.

H.2.17.10
SOFTWARE HAULT/ERROR DETECTION TIME

the period ¢f time between the occurrence of a fault/error and the INITIATION by the software of|a declared
CONTROL response

H.2.18 Dg¢finitions relating to fault/errorcontrol techniques for controls using software
H.2.18.1 us redundancy

H.2.18.1.1
FULL BUS REDUNDANCY ] . ) ]
FAULT/error|CONTROL techpique in which full redundant data and/or address are provided by means of

redundant us structure

H.2.18.1.2
MULTI-BIT BUS PARITY
FAULT/error|CONTROL technique in which the bus is extended by two or more bits and these addlitional bits

are used fof error detection

H.2.18.1.3
SINGLE BIT BUS PARITY
FAULT/error CONTROL technique in which the bus is extended by one bit and this additional bit is used for

error detection

H.2.18.2

CODE SAFETY ] ] . ] . o ) o
FAULT/error CONTROL techniques in which protection against coincidental and/or systematic errors in input
and output information is provided by the use of DATA REDUNDANCY and/or TRANSFER REDUNDANCY (see also
H.2.18.2.1 and H.2.18.2.2)

H.2.18.2.1
DATA REDUNDANCY

form of CODE SAFETY in which the storage of redundant data occurs
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H.2.18.2.2
TRANSFER REDUNDANCY

form of CODE SAFETY in which data is transferred at least twice in succession and then compared

Note 1 to entry: This technique will recognize intermittent errors.

H.2.18.3
COMPARATOR

device used for FAULT/error CONTROL in DUAL CHANNEL structures

Note 1 to entry: The device compares data from the two channels and initiates a declared response if a difference is detected.

H.2.18.4 |\I/|
D.C. FAULT NIODE ) ) o ) )
STUCK-AT FAULT MODE incorporating short circuits between signal lines

Note 1 to entfy: Because of the number of possible shorts in the device under test, usually only shorts between related signal lines
will be considered. A logical signal level is defined, which dominates in cases where the lines try to drive to the oppositg level.

H.2.18.5
EQUIVALENGE CLASS TEST ) ] ) ) )
SYSTEMATI¢ TEST intended to determine whether the instruction decoditigrand execution arg performed

correctly
Note 1 to entry: The test data is derived from the CPU instruction specification.

Note 2 to enftry: Similar instructions are grouped and the input data sét is subdivided into specific data interval§ (equivalence
classes). Eadh instruction within a group processes at least one set of test data, so that the entire group processes|the entire test
data set. Theftest data can be formed from the following:

— data from valid range;

— data from irjvalid range;

— data from the bounds;

— extreme values and their combinations.

The tests within a group are run with-different addressing modes, so that the entire group executes all addressing modgs.

2

H.2.18.6
ERROR RECOGNIZING MEANS o .
INDEPENDENT means provided for the purpose of recognizing errors internal to the SYSTEM

Note 1 to entrly: Examples are monitoring devices, COMPARATORS, and code generators.

H.2.18.7
HAMMING DISTANCE

statistical measure, representing the capability of a code to detect and correct errors
Note 1 to entry: The HAMMING DISTANCE of two code words is equal to the number of positions different in the two code words.

Note 2 to entry: See H. Holscher and J. Rader; "Microcomputers in safety techniques." Verlag TUV Bayern. TUV Rheinland. (ISBN 3-
88585-315-9).

H.2.18.8
INPUT COMPARISON . o ) o B
FAULT/error CONTROL technique by which inputs that are designed to be within specified tolerances are

compared

H.2.18.9
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INTERNAL ERROR DETECTION ] ) S
FAULT/error CONTROL technique in which special circuitry is incorporated to detect or correct errors

H.2.18.10

H.2.18.10.1
FREQUENCY

Programme sequence

MONITORING

FAULT/error CONTROL technique in which the clock frequency is compared with an INDEPENDENT fixed

frequency

Note 1 to entry: An example is comparison with the line supply frequency.

H.2.18.10.2
LOGICAL MO
FAULT/error

Note 1 to entny
devices.

H.2.18.10.3
TIME-SLOTA|

this is a cor

H.2.18.10.4
TIME-SLOT M
FAULT/error

triggered in

Note 1 to entry

H.2.18.11
MULTIPLE PA
FAULT/error

or for INDEP|

H.2.18.12
OUTPUT VER
FAULT/error

Note 1 to entry

H.2.18.13
PLAUSIBILIT
FAULT/error

inadmissibl

Note 1 to entn

NITORING OF THE PROGRAMME SEQUENCE _ _
CONTROL technique in which the logical execution of the programme sequence-is mo

: Examples are the use of counting routines or selected data in the programme itself or by INDEPENDE

ND LOGICAL MONITORING
nbination of H.2.18.10.2 and H.2.18.10.4

ONITORING OF THE PROGRAMME SEQUENCE ] .
CONTROL technique in which timing devices with an INDEPENDENT time base are

order to monitor the programme function and sequénce

: An example is a watchdog TIMER.

RALLEL OUTPUTS ) ] ) )
CONTROL technique in which INDERENDENT outputs are provided for operational errg

ENDENT COMPARATORS

IFICATION
ICONTROL technique in which outputs are compared to INDEPENDENT inputs

: This technique may'or may not relate an error to the output which is defective.

CHECK
CONTROL technique in which programme execution, inputs or outputs are c

P programme sequence, timing or data

nitored

NT monitoring

beriodically

r detection

hecked for

division by zerd.

H.2.18.14

PROTOCOL TEST ) ) ) )
FAULT/error CONTROL technique in which data is transferred to and from computer components to detect

errors in the internal communications protocol

H.2.18.15

RECIPROCAL COMPARISON ] ] ] . ]
FAULT/error CONTROL technique used in DUAL CHANNEL (homogeneous) structures in which a comparison is

performed on data reciprocally exchanged between the two processing units

Note 1 to entry: Reciprocal refers to an exchange of similar data.

H.2.18.16

s'or checks for
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REDUNDANT DATA GENERATION
availability of two or more INDEPENDENT means, such as code generators, to perform the same task

H.2.18.17
REDUNDANT MONITORING

availability of two or more INDEPENDENT means such as watchdog devices and COMPARATORS to perform
the same task

H.2.18.18
SCHEDULED TRANSMISSION

communication procedure in which information from a particular transmitter is allowed to be sent only at a
predefined point in time and sequence, otherwise the receiver will treat it as a communication error

H.2.18.19
SOFTWARE PIVERSITY _ _ _ . Q\V
FAULT/erroll CONTROL technique in which all or parts of the software are incorporated twice in|the form of

alternate spftware code

Note 1 to entfy: For example, the alternate forms of software code may be produced by different programmers, different languages or
different compiling schemes and may reside in different hardware channels or in different.aréas of memory within a SINGLE
CHANNEL.

H.2.18.20
STUCK-AT FAULT MODE o ' .
FAULT modg representing an open circuit or a non-varying signal level

Note 1 to entily: These are usually referred to as "stuck open”, "stuck at 1" er "stuck at 0".

H.2.18.21
TESTED MONITORING

the provisipn of INDEPENDENT means such as watchdog devices and COMPARATORS which afe tested at
start-up orperiodically during OPERATION

H.2.18.22
TESTING PAJTERN . o ) . ) . .
FAULT/erroll CONTROL technique used-fonperiodic testing of input units, output units and interfaces of the
CONTROL

Note 1 to entry: A test pattern is introduced to the unit and the results compared to expected values. Mutually INDEPENDENT means
for introducing the test pattern and/evaluating the results are used. The test pattern is constructed so as not to influenjce the correct
OPERATION|of the CONTROL.

H.2.19 Dgfinitionsrelating to memory tests for controls using software

H.2.19.1
ABRAHAM TEST
specific form-of a VARIABLE MEMORY pattern test in which all stuck-at and col |p||ng EAULTS betweden memory

cells are identified

Note 1 to entry: The number of OPERATIONS required to perform the entire memory test is about 30 n, where n is the number of
cells in the memory. The test can be made transparent for use during the operating cycle, by partitioning the memory and testing
each partition in different time segments.

Note 2 to entry: See Abraham, J.A.; Thatte, S.M.; "Fault coverage of test programs for a microprocessor", Proceedings of the IEEE
Test Conference 1979, pp 18-22.

H.2.19.2
GALPAT MEMORY TEST ] . ] . . ] ] ] o
FAULT/error CONTROL technique in which a single cell in a field of uniformly written memory cells is inversely

written, after which the remaining memory under test is inspected
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Note 1 to entry: After each read OPERATION to one of the remaining cells in the field, the inversely written cell is also inspected and
read. This process is repeated for all memory cells under test. A second test is then performed as above on the same memory range
without inverse writing to the test cell.

Note 2 to entry: The test can be made transparent for use during the operating cycle, by partitioning the memory and testing each
partition in different time segments (see TRANSPARENT GALPAT TEST).

H.2.19.21
TRANSPARENT GALPAT TEST ) . )
GALPAT MEMORY TEST in which first a signature word is formed representing the content of the memory

range to be tested and this word is saved

Note 1 to entry: The cell to be tested is |nversely written and the test is performed as above However the remalnlng cells are not
inspected indiyidually; but by - neq as above by
inversely writing the previously inverted value to the test cell.

Note 2 to entry: This technique recognizes all static bit errors as well as errors in interfaces between memory cells.
H.2.19.3 Checksum

H.2.19.3.1
MODIFIED CHECKSUM . ] . ] ] ] ]
FAULT/error|CONTROL technique in which a single word representing the-contents of all words infmemory is

generated and saved
Note 1 to entry: During self-test, a checksum is formed from the same algorithmé@nd compared with the saved checksum.

Note 2 to entry: This technique recognizes all the odd errors and some of the'even errors.

H.2.19.3.2
MULTIPLE CHECKSUM ) ) ) )
FAULT/error|CONTROL technique in which a separaté‘words representing the contents of the mefnory areas

to be tested are generated and saved

Note 1 to entry: During self-test, a checksum is formed from the same algorithm and compared with the saved chegksum for that
area.

Note 2 to entry: This technique recognizes all'the odd errors and some of the even errors.
H.2.19.4 Cyclic redundancy,check (CRC)

H.2.19.41
CRC - SINGLE WORD . ] ) . ]
FAULT/error [CONTRGL teéchnique in which a single word is generated to represent the contents of memory

Note 1 to entry: During self-test, the same algorithm is used to generate another signature word which is compared with the saved
word.

Note 2 to entry: This technique recognizes all one-bit, and a high percentage of multi-bit, errors.

H.2.19.4.2
CRC — DOUBLE WORD . ) ]
FAULT/error CONTROL technique in which at least two words are generated to represent the contents of

memory

Note 1 to entry: During self-test, the same algorithm is used to generate the same number of signature words which are compared
with the saved words.

Note 2 to entry: This technique can recognize one-bit and multi-bit errors with a greater accuracy than in CRC — SINGLE WORD.

H.2.19.5
REDUNDANT MEMORY WITH COMPARISON
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structure in which the safety-related contents of memory are stored twice in different format in separate
areas so that they can be compared for error control

H.2.19.6

STATIC MEMORY TEST ) o ]
FAULT/error control technique which is intended to detect only static errors

H.2.19.6.1

CHECKERBOARD MEMORY TEST ) ]
STATIC MEMORY TEST in which a checkerboard pattern of zeros and ones is written to the memory area

under test and the cells are inspected in pairs

and then deci

H.2.19.6.2
MARCHING

STATIC MEMORY TEST in which data is written to the memory area under test as in normal OPERAT

Note 1 to ent

bit inversion fre then repeated in descending order. Then this process is repeated afterirst performing a bit inver;

memory cells

H.2.19.7
WALKPAT M

FAULT/errol control technique in which a standard data pattermisAvritten to the memory area u
in normal QPERATION

Note 1 to ent
inverted and
performing a

Note 2 to entry: This technique recognizes all static bit errors as well as errors in interfaces between memory cells.

H.2.19.8 Word protection

H.2.19.8.1

WORD PROTECTION WITH MULTI-BIF, REDUNDANCY

a FAULT/er

memory area under test

Note 1 to entry: As each word\is read, a parity check is conducted.

Note 2 to ent|
errors.

H.2.19.8.2

ION, the va ress is first incremented to the end of the add e
emented to its original value. The test is repeated with the checkerboard pattern inversed.

MEMORY TEST

ly: Every cell is then inspected in ascending order and a bit inversion performed on-tfie contents. The INS

under test.

FMORY TEST

[y: A bit inversion is performed on the first cell and the fémaining memory area is inspected. Then the fir
the memory inspected. This process is repeated,for all memory cells under test. A second test is
bit inversion of all cells in memory under test and proceeding as above.

or control technigue®in which redundant bits are generated and saved for each

'y: Anexample is a Hamming code which recognizes all one and two bit errors as well as some three b

a bit inversion
pf the memory

ON

PECTION and
bion on all the

nder test as

st cell is again
conducted by

word in the

it and multi-bit

WORD PROTECTION WITH SINGLE BIT REDUNDANCY
a FAULT/error control technique in which a single bit is added to each word in the memory area under test
and saved, creating either even parity or odd parity

Note 1 to entry: As each word is read, a parity check is conducted.

Note 2 to entry: This technique recognizes all odd bit errors.

H.2.20 Definitions of software terminology — General

H.2.20.1

COMMON MODE ERROR
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error(s) in a DUAL CHANNEL or other redundant structure such that each channel or structure is affected
simultaneously and in the same manner

H.2.20.2
COMMON CAUSE ERROR

errors of different items, resulting from a single event, where these errors are not consequences of each
other

Note 1 to entry: COMMON CAUSE ERRORS should not be confused with COMMON MODE ERRORS.

H.2.20.3
FAILURE MODES AND EFFECTS ANALYSIS
FMEA

analytical tgechnique in which the FAILURE modes of each hardware component are identified-and examined
for their eff¢cts on the safety-related functions of the CONTROL

H.2.20.4
INDEPENDENT

not being adversely influenced by the control data flow and not being impaired by FAILURE of other
CONTROL fupctions, or by common mode effects

H.2.20.5
INVARIABLE MEMORY

memory rapges in a processor system containing data which is not-intended to vary during grogramme
execution

Note 1 to entry: INVARIABLE MEMORY may include RAM construction where the data is not intended to vary during programme
execution.

H.2.20.6
VARIABLE MEMORY

memory rapges in a processor system contaifihg data which is intended to vary during grogramme
execution

H.2.21 Vaqid

H.2.22 Dgfinitions relating to classes of control functions

For the evajuation of protective measures for FAULT tolerance and avoidance of HAZARDS, it is ng¢cessary to
classify CONTROL functions with regard to their FAULT behaviour.

At the clagsificatign)of CONTROL functions, their integration into the complete safety condept of the
appliance shall be-taken into account.

on con try (hardware
and software if used) and including the actuator drive.

For the purpose of evaluating the design of a CONTROL function, present requirements recognise three
distinct classes:

H.2.22.1
CLASS A CONTROL FUNCTION _ . o
CONTROL functions which are not intended to be relied upon for the safety of the application

Note 1 to entry: Examples are: room THERMOSTATS, temperature CONTROL.

H.2.22.2
CLASS B CONTROL FUNCTION .
CONTROL functions which are intended to prevent an unsafe state of the appliance
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Note 1 to entry: FAILURE of the CONTROL function will not lead directly to a hazardous situation.

Note 2 to entry: Examples are: thermal limiter, pressure limiter.

H.2.22.3
CLASS C CONTROL FUNCTION ) ]
CONTROL functions which are intended to prevent special HAZARDS such as explosion or whose FAILURE

could directly cause a HAZARD in the appliance

Note 1 to entry: Examples are: burner CONTROL systems, THERMAL CUT-OUTS for closed water systems (without vent
protection).

H.2.23 Definitionsretating-to-functionat-safety

H.2.23.1
FAULT TOLERATING TIME

time betwgen the occurrence of a FAULT and the shut-down of the controlled equipment, whichlis tolerated
by the application without creating a hazardous situation

Note 1 to entfy: Actions other than shut-down of the controlled equipment are possible if they,can be shown to prevent hazardous
situations.

H.2.23.2
FAULT REAQTION TIME

time between the occurrence of a FAULT and the point where the.CONTROL has reached a DEFINED STATE

H.2.23.3
DEFINED STATE

state of a qONTROL with the following characterisation:

a) the CON[rROL passively assumes a state in which the output terminals ensure a safe situation under all
circumstarices. When the cause of the transition“to DEFINED STATE is lifted, the application should start-up
in accordance with the appropriate requirements; or

b) the CONTROL actively executes a.protective action, within the time as specified in the releyant part 2,
causing a gshut-down, or preventinglan*unsafe condition; or

c) the CONTROL remains in OPERATION, continuing to satisfy all safety related functional requirements

H.2.23.4
COMPLEX E[ ECTRONICS

denote asgemblies'which use electronic components with the following characteristics:

a) the component provides more than one functional output;

b) it is impractical or impossible to represent the FAILURE mode of such a component by stuck-at and cross-
links at the pins or by other FAILURE modes which are described in Table H.24

H.2.23.5
RESET

action which provides reset from safe-state to allow the SYSTEM to attempt a restart
H.2.23.6 Void

H.2.23.7
DEGRADATION (OF PERFORMANCE)

undesired departure in the operational performance of any device, equipment or SYSTEM from its intended
performance
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Note 1 to entry: The term "degradation" can apply to temporary or permanent FAILURE.

[SOURCE:

IEC 60050-161:1990, 161-01-19]

H.2.23.8 Void

H.2.23.9
HARM

physical injury or damage to health of people, or damage to property or the ENVIRONMENT

[SOURCE:

ISO/IEC Guide 51:1999, 3.3]

H.2.23.10
HAZARD

potential sg
[SOURCE:

H.2.23.11
RISK

combinatio
[SOURCE:

H.2.23.12
REASONABL

use of a pr
which may
human beh

[SOURCE:
result from

H.2.23.13
FUNCTIONAL

safety relat

urce of HARM

ISO/IEC Guide 51:1999, 3.5]

h of the probability of occurrence of HARM and the severity of that HARM

ISO/IEC Guide 51:1999, 3.2]

FORESEEABLE MISUSE

pduct, process or service under conditions or-for purposes not intended by the s
happen, induced by the design of the product in combination with, or as result o
aviour

ISO/IEC Guide 51:1999, 3.14 modified, — "in a way not intended by the supplier, but
readily predictable human behaviour" have been added.]

SAFETY
bd to the application which depends on the correct functioning of the safety-related C

H.2.24 De¢finitions relatéd,to access to data exchange

H.2.24.1
SEQUENCE N

additional d

UMBER
ata field containing a number that changes in a predefined way from message to me|

H.2.24.2

Lipplier, but
f, common

which may

ONTROL

ssage

TIME STAMP
information

H.2.24.3

concerning time of TRANSMISSION attached to a message by the sender

SOURCE AND DESTINATION IDENTIFIER
identifier which is assigned to each entity

Note 1 to entry: This identifier can be a name, number or arbitrary bit pattern. This identifier will be used for the safety-related
communication. Usually the identifier is added to the USER data.

H.2.24.4

FEED-BACK MESSAGE
response from a receiver to the sender, via a return channel

H.2.24.5
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IDENTIFICATION PROCEDURE
procedure that forms a part of the safety-related application process

Note 1 to entry: Two types of IDENTIFICATION PROCEDURE can be distinguished:

— bi-directional identification — Where a return communication channel is available, exchange of entity identifiers between senders
and receivers of information can provide additional assurance that the communication is actually between the intended parties,

— dynamic IDENTIFICATION PROCEDURES - Dynamic exchange of information between senders and receivers, including
transformation and feedback of received information to the sender. Can provide assurance that the communicating parties not only
claim to possess the correct identity, but also behave in the manner expected. This type of dynamic IDENTIFICATION PROCEDURE
can be used to preface the transmission of information between communicating safety-related processes and/or it can be used
during the information transmission itself.

H.2.24.6
SAFETY CODE

redundant|data included in a safety-related message to permit data corruptions to be-detegted by the
safety-relajed transmission function

H.2.24.7
CRYPTOGRAPHIC TECHNIQUES

output datg are calculated by an algorithm using input data and a key as a parameter

Note 1 to entfy: By knowing the output data, it is impossible within a reasonable time to\calculate the input data withouf knowledge of
the key. It is gso impossible within a reasonable time to derive the key from the output data, even if the input data are khown.

H.2.24.8
TIME-OUT

delay betwgeen two messages exceeding a predefined allowed maximum time

NOTE 1 to enjtry: If this is the case, an error can be assumed.

H.2.24.9
PUBLIC NETWORK

data and sjgnals not confined to the physical space within the household, or locations specified as being
covered within the scope of this standard

Note 1 to entily: Examples of PUBLIC NETWORKS include but are not limited to:
— Internet;

— Wi-Fi Devicks;

— Bluetooth >]10 m Devices.

H.4 Gengralnotes on tests

H.4.1 Conditions of test
H.4.1.4 Addition:

For ELECTRONIC CONTROLS, the tests of Clauses H.25, H.26 and H.27 are carried out before the tests of
Clause 21.

Additional subclauses:

H.4.1.9 ELECTRONIC CONTROLS shall be tested as ELECTRICAL CONTROLS, unless otherwise specified.
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H.4.1.10 When conducting the test sequence for ELECTRONIC CONTROLS, care shall be taken that the
results of a test are not influenced adversely by any preceding testing of the sample unless specifically
required by the standard. It may be necessary to replace that sample, or parts thereof, or to use an
additional sample.

NOTE The number of samples can be kept to the minimum by an evaluation of the relevant circuits.

H.4.1.11 Except for the test specified in Clause H.26, care shall be taken that the supply is free of such
perturbations from external sources as may influence the results of the tests on ELECTRONIC CONTROLS.

H.6 Classification

H.6.4 Acgording to features of automatic action

H.6.4.3 Ag(ditional subclause:

H.6.4.3.13 | — ELECTRONIC DISCONNECTION on OPERATION (Type 1.Y —2.Y)
H.6.9 Acgording to circuit disconnection or interruption

Addition:
H.6.9.5 —ELECTRONIC DISCONNECTION

H.6.18 Agcording to classes of control functions (see Table 1, requirement 92)
H.6.18.1 1 CONTROL of CLASS A CONTROL FUNCTIONS

H.6.18.2 1 CONTROL of CLASS B CONTROL FUNCTIONS

H.6.18.3 1 CONTROL of CLASS C CONTRQOL FUNCTIONS

H.7 Information

Additional ifems to Table 1™ (1.0f 2)

Information Clause or Mgthod
subclause

Modification: 11.3.2, H.11.4.16, X
36 Lifnits of ACTIVATING QUANTITY for any SENSING ELEMENT over % %'

which . MICRO-DISCONNECTION or ELECTRONIC s

DISCONNECTION is secure
Ad(ditional items to Table 1: D
52 The minimum parameters of any heat dissipator (for example, heat 14

sink) not provided with an ELECTRONIC CONTROL but essential to -
its correct OPERATION

53 Type of output waveform if other than sinusoidal H.25 X

54 Details of the LEAKAGE CURRENT waveform produced after .27 X
FAILURE of the BASIC INSULATION

55 The relevant parameters of those ELECTRONIC DEVICES or other H.27 X
circuit components considered as unlikely to fail (see paragraph 1 of
H.27.1.1.4)

56 Type of output waveform(s) produced after FAILURE of an H.27 X

ELECTRONIC DEVICE or other circuit component (see item g) of
H.27.1.1.3)
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Information Clause or Method
subclause
57 The effect on controlled output(s) after electronic circuit component H.27 X
FAILURE if relevant (item c) of H.27.1.1.3)
58a For integrated and incorporated ELECTRONIC CONTROLS, if any H.26.2, H.26.15 X
protection against mains borne perturbations, magnetic and
electromagnetic disturbances is claimed, which of the tests of Clause
H.26 shall be performed and the effect on controlled output(s) and
function after a FAILURE to operate as a result of each test
58b For other than integrated and incorporated ELECTRONIC H.26.2, H.26.15 X
CONTROLS, the effect on controlled output(s) and function after a
FAILURE to operate as a result of the tests of Clause H.26
59 Any component on which reliance is placed for ELECTRONIC 13.2. H.27.1 X
DIISCONNECTION which is disconnected as required by footnote n to
Table 12
60 Irjstallation class (surge immunity) and operating modes 24.1,H.26.8.2, X
H.26.8.3, Annex R
66 Spftware sequence documentation ™" °P H.11.12.2.9 X
67 Programme documentation ™ 4P H.11.12.2.9, X
H.11.12:2.12
68 Spftware FAULT analysis M°P H.11.12,\H)27.1.1.4 X
69 Spftware class(es) and structure H.11.122, H.11.12.3, D
H27.1.2.2.1
This informdtion is not required for class A CONTROLS H271 _2_3_1'
70 Analytical measures and FAULT/error control techniques employed ™ H.11.12.1.2, X
H.11.12.2.2,
H.11.12.2.4
71 SOFTWARE FAULT/ERROR DETECTION TIME(S) for CONTROLS H.2.17.10, X
wjith software classes BorC ™! H.11.12.2.6
72 CJONTROL response(s) in case of detected FAULT/error™ H.11.12.2.7 X
73 GONTROLS subjected to a second FAULT analysis‘and declared H.27.1.2.3 X
cpndition as a result of the second FAULT
74 External load and emission control measures-to be used for test H.23.1.1 X
pprposes
Additional jtems to Table 1 (2 of 2)
Clause or
Information subclause Method
91 Fault reaction‘time H.2.23.2, X
H.27.1.2.2.2,
H.27.1.2.2.3,
H.27.1.2.3.2,
H.27.1.2.3.3,
H.27.1.2.4.3
92 Class or classes of CONTROL function(s) H.6.18,H.27.1.2.2, X
H.27.1.2.3
93 Maximum number of RESET actions within a time period H.11.12.4.3.6, D
H.11.12.4.34
94 Number of remote RESET actions H.17.1.4.3 X

For CONTROLS declared as entirely Class A, the requirements 66, 67, 68, 70, 71 and 72 are exempted. For
CONTROLS with software classes B or C, information shall be provided only for the safety-related segments of the
software. Information on the non-safety related segments shall be sufficient to establish that they do not influence the

safety-related segments.

The software sequence shall be documented and, together with the OPERATING SEQUENCE of table requirement 46,
shall include a description of the CONTROL SYSTEM philosophy, the CONTROL flow, data flow and the timings.

Safety-related data and safety-related segments of the software sequence, the malfunction of which could result in non-
compliance with the requirements of 17, 25, 26 and 27, shall be identified. This identification shall include the
OPERATING SEQUENCE and may, for example, take the form of a FAULT tree analysis which shall include those
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Clause or
Information subclause Method

FA

hardware FAULT analysis in Clause H.27

Examples of other information which may be suitable for inclusion in the documentation required by footnotes m, n, o, q,
rands are:

Original software system specification, for example:

- functional specification, including procedure for restart on loss of supply,

- module design, including description of equipment interfaces, and description of USER interfaces,
- detailed design, including description of use of memory,

- code listing, including programming language identification, comments and listing of subroutines,

ULT/errors of Table H.1 which could result in non-compliance. The software FAULT analysis shall be related to the

-t
-1
Pri
Wi
fun
Clg
Clg

Cl3
(ur]

Msg
ing
Th

bst specification,
hanuals for installation, use and/or maintenance.
gramming documentation shall be supplied in a programming design language declared by the manufacfurer.

hin a CONTROL, different software classes may apply to different CONTROL functions. Examples of CONTROL
ctions that may include software classes A to C are as follows:

ss A — Examples are room thermostats, humidity controls, lighting controls, timers and time switches.
ss B — An example is a thermal cut-out.

ss C — Examples are automatic burner CONTROLS and thermal cut-outs for closed water heater systemg
vented).

asures to be declared are those chosen by the manufacturer from thé requirements of H.11.12.1.2 to H.11.12.2.4
usive.

s can be expressed as a time following the execution of a specifi¢ software segment.

H.8 Protegction against electric shock

H.8.1 General requirements

Additional 4

H.8.1.10 ¢/
supply by P|

H.8.1.10.1
the supply s

— for frequ
frequency i

ubclauses:

CCESSIBLE PARTS shall ‘not be considered as HAZARDOUS LIVE PARTS if separatefl from the
ROTECTIVE IMPEDANCE,

When PROTECTIVE IMPEDANCE is used, the current between the part or parts and either pole of
ource shall.not-exceed 0,7 mA (peak value) a.c. or 2 mA d.c;

encies\exceeding 1 kHz, the limit of 0,7 mA (peak value) is multiplied by the value of the
n kHz'but shall not exceed 70 mA (peak value);

— for voltages over 42,4V (peak value) and up o and including 450 V (peak value), the capacitance shall

not exceed

0,1 yF;

— for voltages over 450 V (peak value) and up to and including 15 kV (peak value), the product of the
capacitance in farads times the potential in volts shall not exceed 45 uC;

— for voltag
potential in

es over 15 kV (peak value), the product of the capacitance in farads times the square of the
volts shall not exceed 350 mJ.

Compliance is checked by measurement.

Voltages and currents are measured between a single ACCESSIBLE PART (or any combination of such parts)
and the protective earth conductor. Measurements shall be taken in normal supply configuration, and with

supply pole

s interchanged.
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The measuring circuit shall have a total impedance of (1 750 + 250) Q and be shunted by a capacitor such
that the time constant of the circuit is (225 + 15) us.

Details of a suitable measuring circuit are shown in Figure E.1.

The measuring circuit shall have an accuracy of within 5 % for all frequencies in the range of 20 Hz to 5
kHz. For frequencies above 5 kHz, alternative methods of measurement are required.

H.11 Constructional requirements

H.11.2 Protection against electric shock

Additional subclauses:

H.11.2.5 PROTECTIVE IMPEDANCE shall consist of two or more impedance components ofl equivalent
resistance|values in series, which are connected between LIVE PARTS and ACCESSIBLE PARTS. It shall
consist of gomponents in which the probability of a reduction in impedance duringlife can be ignored and
the possibility of a short circuit is negligible.

The use of only one Y1 capacitor is permitted where the capacitor”complies with IEGC 60384-14
appropriaté to the working voltage of application where it is used.

Such components are

— Resistors detailed in Table H.24, footnote c.
Alternatively, the resistors shall comply with the requirements of 14.1 of IEC 60065:2001/AMD1:2005.
— Capacitoys.

Capacitorg shall comply with IEC 60384-14; class Y.
Compliancg is checked by
a) open-circuiting each impedance component in turn;

b) short-cifcuiting of those impedance components which are likely to fail by a short circuit (§ccording to
Clause H.37);

c) applyingd a fault condition according to Clause H.27 to any part of the circuit which might influence the
maximum leakage current with the protective impedance intact.

Operation of a protective device or loss of one pole of the supply shall also be considered as faults.

H.11.2.5DV D2 Add the following to second paragraph of H.11.2.5:

The capacitor shall comply with UL 60384-14, Class Y1 and be an IECQ or similar approved
component.

Under these conditions, the equipment shall still comply with the requirements of H.8.1.10.
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H.11.4 Actions

Additional subclauses:

H.11.4.16

Type 1.Y or 2.Y action shall operate to provide ELECTRONIC DISCONNECTION.

Compliance is checked by the tests of H.11.4.16.

H.11.4.16.1

The test is carried out with the CONTROL connected to its declared maximum load, supplied
with rated voltage, and at temperature 7,,,,.

H.11.4.16.
rated curre

H11.12 (

The current through the ELECTRONIC DISCONNECTION shall not exceed 5 mA or._1
t, whichever is the lower.

ontrols using software

CONTROLS Wising software shall be so constructed that the software does not impair CONTROL ¢

with the req

Compliancy
the require
inclusive of

Subclauses

B or class (.

Subclause |
H.11.12.1

H.11.12.1.1
software-re|
detailed in

uirements of this standard.

b js checked by the tests for ELECTRONIC CONTROLS in this standard, by INSPECTION a
ments of H.11.12 and by examination of the documentatioh. required in requiremen|
Table 1.

H.11.12.1 to H.11.12.4 inclusive are only applicableé to CONTROL functions using sof

H.11.12.4 contains additional requirements for REMOTELY ACTUATED CONTROL FUNCTIQ
Requirements for the architecture

CONTROL functions with software class B or C shall use measures to control
ated FAULTS/errors in safety:related data and safety-related segments of the sg
H.11.12.1.2 to H.11.12.3 inclusive.

H.11.12.1.2

H.11.12.1.2.

— SINGLE CH

— DUAL CHA

Structure for control functions with software class B or C
1 CONTROL.functions with software class C shall have one of the following structur
IANNEL WITH PERIODIC SELF-TEST AND MONITORING (H.2.16.7);

NEL(HOMOGENOUS) WITH COMPARISON (H.2.16.3);

0 % of the

ompliance

ccording to
{s 66 to 72

ware class

NS.

and avoid
ftware, as

— DUAL CHANNEL (DIVERSE) WITH COMPARISON (H.2.16.2).

NOTE Compa

rison between DUAL CHANNEL structures can be performed:

— by the use of a COMPARATOR (H.2.18.3) or

— by RECIPROCAL COMPARISON (H.2.18.15).

H.11.12.1.2.2 coNTRoOL functions with software class B shall have one of the following structures:

— SINGLE CHANNEL WITH FUNCTIONAL TEST (H.2.16.5);

— SINGLE CHANNEL WITH PERIODIC SELF-TEST (H.2.16.6);


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1 251

— DUAL CHANNEL without comparison (H.2.16.1).
A software class C structure is also acceptable for a software class B structure.

H.11.12.1.3 Other structures are permitted if they can be shown to provide an equivalent level of safety
to those in H.11.12.1.2.

H.11.12.2 Measures to control faults/errors

H.11.12.2.1 When REDUNDANT MEMORY WITH COMPARISON is provided on two areas of the same
component, the data in one area shall be stored in a different format from that in the other area (see
SOFTWARE PIVERSITY):

H.11.12.2.2 CcoONTROLS with software class C using DUAL CHANNEL structures with compatison shall have
additional [FAuLT/error detection means (such as periodic functional tests, periodic self-tests, or
INDEPENDENT monitoring) for any FAULT/errors not detected by the comparison.

H.11.12.2.8 For CONTROLS with software class B or C, means shall be provided for the recdgnition and
control of lerrors in TRANSMISSIONS to external safety-related data paths\(Such means sh3ll take into
account erfors in data, addressing, TRANSMISSION timing and sequence of‘protocol.

H.11.12.2.4 For cONTROL with software class B or C, the manufacturer shall provide, within [the control,
measures [to address the FAULT/errors in safety-related segments and data indicated in Takle H.1 and
identified ip Table 1, requirement 68.

(H.11.12.7 of edition 3) - Acceptabl-gartr)llgagﬂres to address fault/errors ? (1 of 6
Component ® Fault/error Software class Example of acceptable measures °9° Ddfinitions
B C

1.CPU

1.1

Registers Stuck-at rq Functional test, or H.2.16.5
periodic self-test using either: H.2.16.6
— STATIC MEMORY TEST, or H.2.19.6
—WORD PROTECTION WITH SINGLE H.2.19.8.2
BIT REDUNDANCY

DCEAULT rq Comparison of redundant CPUs by

either:
— RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3
f‘{'\l\/IDAI:’AT(\DY or.
INTERNAL ERROR DETECTION, or H.2.18.9
REDUNDANT MEMORY WITH H.2.19.5
COMPARISON, or
periodic self-tests using either
— WALKPAT MEMORY TEST H.2.19.7
— ABRAHAM TEST H.2.19.1
— TRANSPARENT GALPAT TEST; or H.2.19.2.1
WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
REDUNDANCY, or
STATIC MEMORY TEST and word H.2.19.6
protection with single bit redundancy

Table H.1 Continued on Next Page
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Table H.1 Continued

Component ® Fault/error Software class Example of acceptable measures °9¢ Definitions
B Cc
H.2.19.8.2
1.2
Instruction Wrong rq Comparison of redundant CPUs by
decodi_ng and decodi_ng and either:
execution execution — RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3
COMPARATOR, or
INFERNAEERROR-DETECHON; o H-2-487
periodic self-test using EQUIVALENCE H2.18p6
CLASS TEST
1.3 Functional test; or H.2.16 .6
Programme Stuck at rq periodic self-test; or H.2.16.6
counter
INDEPENDENT TIME-SLOT H.2.18[10.4
MONITORING OF THE PROGRAM
SEQUENCE, or
LOGICAL MONITORING)OF THE H.2.18/10.2
PROGRAMME SEQUENCE
Periodic self-test.and monitoring using H.2.16J7
either:
DC FAULT rq — INDEPENDENT TIME-SLOT AND H.2.18[10.3
LOGICAL MONITORING
— INTERNAL ERROR DETECTION, or H.2.189
ecomparison of redundant functional
channels by either:
— RECIPROCAL COMPARISON H.2.18[15
— INDEPENDENT hardware H.2.188
COMPARATOR
14
Addressing DC FAULT rq Comparison of redundant CPUs by
either:
— RECIPROCAL COMPARISON H.2.18[15
— INDEPENDENT hardware H.2.183
COMPARATOR,; or
INTERNAL ERROR DETECTION; or H.2.180
periodic self-test using a TESTING H.2.16J7
PATTERN of
the address lines; or H.2.18 2
FULL BUS REDUNDANCY, or H.2.181.1
VIULTI-BI'T BUS FARITY H2181.2
1.5
Data paths DC FAULT and rq Comparison of redundant CPUs by
instruction execution either:
decoding RECIPROCAL COMPARISON, or H.2.18.15
INDEPENDENT hardware H.2.18.3
COMPARATOR, or
INTERNAL ERROR DETECTION, or H.2.18.9
periodic self-test using a TESTING H.2.16.7
PATTERN, or
DATA REDUNDANCY, or H.2.18.2.1
MULTI-BIT BUS PARITY H.2.18.1.2

Table H.1 Continued on Next Page
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Table H.1 Continued

Component® Fault/error Software class Example of acceptable measures °9°¢ Definitions
B C
2.
Interrupt No interrupt or rq Functional test; or H.2.16.5
handling and too frequent . I
execution interrupt time-slot monitoring H.2.18.10.4
No interrupt or rq Comparison of redundant functional
too frequent channels by either:
interrupt
related to RECIPROCAL COMPARISON, H.2.18.15
different INDEPENDENFhardware H-248.3
sources COMPARATOR, or B
INDEPENDENT TIME-SLOT AND H.2718.10.3
LOGICAL MONITORING
3.
Clock rq FREQUENCY MONITORING, or H.2.18.10.1
time slot monitoring H.2.18.10.4
Wrong rq FREQUENCY MONITORING) or H.2.18.10.1
gsgtjt;}ncy (for time-slot monitoring, or H.2.18.10.4
synchronized comparison of redufidant functional
clock: channels by eijther:
harmonics/
subharmonics — RECIPROCAL COMPARISON H.2.18.15
only) — INDEPENDENT hardware H.2.18.3
COMPRARATOR
4. Memory
4.1
INVARIABLE All single bit rq Periodic MODIFIED CHECKSUM; or H.2.19.3.1
MEMORY FAULTS
MULTIPLE CHECKSUM, or H.2.19.3.2
WORD PROTECTION WITH SINGLE H.2.19.8.2
BIT REDUNDANCY
99,6 % rq Comparison of redundant CPUs by
coverage of all either:
information — RECIPROCAL COMPARISON H.2.18.15
errors
— INDEPENDENT hardware H.2.18.3
COMPARATOR, or
REDUNDANT MEMORY WITH H.2.19.5
COMPARISON, or
periodic cyclic redundancy check, either
— single word H.2.194.1
=double word _or H2194.2
WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
REDUNDANCY
4.2
Variable memory | DC FAULT rq Periodic STATIC MEMORY TEST, or H.2.19.6
WORD PROTECTION WITH SINGLE H.2.19.8.2
BIT REDUNDANCY
DC FAULT and rq Comparison of redundant CPUs by
dynamic cross either:
links — RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3

COMPARATOR, or

Table H.1 Continued on Next Page
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Table H.1 Continued

Component ® Fault/error Software class Example of acceptable measures °9¢ Definitions
B Cc
REDUNDANT MEMORY WITH H.2.19.5
COMPARISON, or
periodic self-tests using either:
— WALKPAT MEMORY TEST H.2.19.7
— ABRAHAM TEST H.2.19.1
— TRANSPARENT GALPAT TEST, or H.2.19.2.1
WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
REDUNDANCY
4.3
Addressing Stuck at rq WORD PROTECTION WITH SINGLE H.2.19[18.2
(relevant to BIT REDUNDANCY including the
VARIABLE address, or
m%%g&;f;d DC FAULT rq comparison of redundant CPUs by either:
MEMORY) — RECIPROCAL COMPARISON, or H.2.18/15
— INDEPENDENT hardware H.2.1883
COMPARATOR, or
FULL BUS REDUNDANCY H.2.18/1.1
TESTING PATFERN; or
periodic cyclic redundancy check, either: H.2.18 2
— singlesword H.2.194.1
— double word, or H.2.194.2
WORD PROTECTION WITH MULTI-BIT | H.2.198.1
REDUNDANCY including the address
5. Internal dgta
path
5.1 Data Stuck at rq WORD PROTECTION WITH SINGLE H.2.198.2
BIT REDUNDANCY
DC FAULT rq Comparison of redundant CPUs by
either:
— RECIPROCAL COMPARISON H.2.18[15
— INDEPENDENT hardware H.2.183
COMPARATOR, or
WORD PROTECTION WITH MULTI-BIT | H.2.198.1
REDUNDANCY
including the address, or DATA H.2.18.1
REDUNDANCY, or
TESTING PATTERN, or H.2.18p2
PROTOCOL TEST H.2.18[14
5.2 Addressing Wrong rq WORD PROTECTION WITH SINGLE H.2.19.8.2
address BIT REDUNDANCY including the
address
Wrong rq Comparison of redundant CPUs by:
address and
multiple — RECIPROCAL COMPARISON H.2.18.15
addressing
— INDEPENDENT hardware H.2.18.3
COMPARATOR, or
WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
REDUNDANCY,
including the address, or FULL BUS H.2.18.1.1

REDUNDANCY;

Table H.1 Continued on Next Page
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Table H.1 Continued

Component® Fault/error Software class Example of acceptable measures °9°¢ Definitions
B C
or TESTING PATTERN including the H.2.18.22
address
6
External HAMMING rq WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
communication DISTANCE 3 REDUNDANCY, or CRC - SINGLE
H.2.19.4.1
WORD, or e
TRANSFER REDUNDANCY, or H.2.18.2.2
PROTOCOI TEST H218 14
6.1
Data HAMMING rq CRC - DOUBLE WORD, or H.21194.2
DISTANCE 4
DATA REDUNDANCY or comparison of H.2.18.2.1
redundant functional channels by either:
— RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardwaré H.2.18.3
COMPARATOR
6.2 Wrong rq WORD PROTECTION WITH MULTI-BIT | H.2.19.8.1
REDUNDANCY,
Addressing address including the address, or CRC — SINGLE | H.2.19.4.1
WORD
including‘the addresses, or
TRANSFER REDUNDANCY or H.2.18.2.2
PROTOCOL TEST H.2.18.14
Wrong and rq CRC — DOUBLE WORD, including the H.2.19.4.2
multiple address, or
addressing FULL BUS REDUNDANCY of dataand | H.2.18.1.1
address, or
comparison of redundant communication
channels by either:
— RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3
COMPARATOR
6.3 Wrong point in rq Time-slot monitoring, or H.2.18.10.4
Timing time SCHEDULED TRANSMISSION H.2.1d.18
rq TIME-SLOT AND LOGICAL H.2.18.10.3
MONITORING, or
comparison of redundant communication
channels by either:
— RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3
COMPARATOR
Wrong rq Logical monitoring, or H.2.18.10.2
sequence time-slot monitoring, or H.2.18.10.4
SCHEDULED TRANSMISSION H.2.18.18
rq (same options as for wrong point in time)
7.
Input/output FAULT rq PLAUSIBILITY CHECK H.2.18.13
periphery conditions
specified in
Clause H.27

Table H.1 Continued on Next Page
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Table H.1 Continued

Component ® Fault/error Software class Example of acceptable measures °9¢ Definitions
B Cc
rq Comparison of redundant CPUs by
either:
— RECIPROCAL COMPARISON H.2.18.15
— INDEPENDENT hardware H.2.18.3
COMPARATOR, or
71
Digital 1/0 INPUT COMPARISON, or H.2.18.8
MULTIPLCE PARALCCEC OUTPUTS; or HZ 18111
OUTPUT VERIFICATION, or H2.18[12
TESTING PATTERN, or H2.18.22
CODE SAFETY H.2.18
7.2
Analog I1/0
7.2.1 A/D- arjd FAULT rq PLAUSIBILITY CHECK H.2.18[13
conditions .
D/A-convertqr PP rq Comparison of redundant'CPUs by
specified in L
Clause H.27 either:
— RECIPROCAL COMPARISON H.2.18[15
— INDEPENDENT hardware H.2.183
COMPARATOR, or
INPUT.€COMPARISON, or H.2.188
MULTIPLE PARALLEL OUTPUTS, or H.2.18[11
OUTPUT VERIFICATION, or H.2.18[12
TESTING PATTERN H.2.18.p2
7.2.2 Analog Wrong rq PLAUSIBILITY CHECK H.2.18[13
multiplexer addressing
rq Comparison of redundant CPUs by
either:
— RECIPROCAL COMPARISON H.2.18(15
— INDEPENDENT hardware H.2.183
COMPARATOR, or
INPUT COMPARISON or H.2.188
TESTING PATTERN H.2.18p2
8.
Monitoring Any-Output rq TESTED MONITORING, or H.2.18p1
devices and outside the
dynamic comparison, or
functional FRROR RFCOGNIZING MEANS H218
specification
9.
Custom chips Any output rq Periodic self test H.2.16.6
fé%aggll_e’eate :;Jattsi::d:r;[ge rq Periodic self-test and monitoring, or H.2.16.7
array dynamic DUAL CHANNEL (DIVERSE) WITH H.2.16.2
functional COMPARISON, or
specification
ERROR RECOGNIZING MEANS H.2.18.6

CPU: Central programmation unit

rq: Coverage of the FAULT is required for the indicated software class.
@ Table H.1 is applied according to the requirements of H.11.12 to H.11.12.2.12 inclusive.

Table H.1 Continued on Next Page
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Table H.1 Continued

Component® Fault/error Software class Example of acceptable measures °9°¢

B | ¢

Definitions

® For FAULT/error assessment, some components are divided into their subfunctions.
¢ For each subfunction in the table, the software class C measure will cover the software class B FAULT/error.

91t is recognized that some of the acceptable measures provide a higher level of assurance than is required by this standard.

¢ Where more than one measure is given for a subfunction, these are alternatives.

7o be divided as necessary by the manufacturer into subfunctions.

H11122 Vreastres—otmer—thar
satisfy the requirements listed in Table H.1.

H.11.12.2.¢
of Table 1.

Software FAULT/error detection shall occur not later than the time declared in req
he acceptability of the declared time(s) is evaluated during the FAULT analysis of the

Part 2 standafds may limit this declaration.

H.11.12.2.7
result in th
C, INDEPENDENT means capable of performing this response shall berovided.

For coNTROLS with functions, classified as Class B or C,\detection of a FAUL]

H.11.12.2.8 The loss of DUAL CHANNEL capability is deemedobe an error in a CONTROL func
DUAL CHANNEL structure with software class C.

H.11.12.2.9 The software shall be referenced to relévant parts of the OPERATING SEQUEN
associated hardware functions.

H.11.12.2.10 Where labels are used for memoty locations, these labels shall be unique.
H.11.12.2.11 The software shall be pretected from USER alteration of safety-related segments

H.11.12.2.12 The software and safety-related hardware under its control shall be initializ
terminate 3t, a declared state as.indicated in Table 1, requirement 66.

H.11.12.3 | Measures to avoid errors
Void.

H.11.12.3.1 _General

pe shown to

lirement 71
CONTROL.

/error shall

b response declared in Table 1, requirement 72. For CONTROLS with functions declared as class

ion using a

CE and the

and data.

ed to, and

For CONTROLS with software class B or C the measures shown in Figure H.1 to avoid systematic FAULTS

shall be applied.
Measures used for software class C are inherently acceptable for software class B.

The content of this is extracted from IEC 61508-3 and adapted to the needs of this standard.
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Other methods are possible if they incorporate disciplined and structured processes including design and
test phases.

H.11.12.3.2 Specification
H.11.12.3.2.1 Software safety requirements
H.11.12.3.2.1.1 The specification of the software safety requirements shall include:

— a description of each safety related function to be implemented, including its response time(s):

f ' [ DR Y ) L ' H 1 'H ) H DR | £ 1
* TUpctonNs rerateuto tne dpPpPHeatunimoiudinry ticih TTIalTU SUTIWAlT LUldoosto,

« fuhctions related to the detection, annunciation and management of software or hardware FAULTS;
— a descrigtion of interfaces between software and hardware;
— a descrigtion of interfaces between any safety and non-safety related functions.

Examples pf techniques/measures can be found in Table H.2:

able H.2
Semi-formal methods

Technique/Measure References (informative)

Standards identification

Semi-formal methods
- Logicgl/functional block diagrams
- Sequénce diagrams
- Finite|state machines/state transition diagrams B.2.3.2 of IEC 61508-7:2010
- Decisfon/truth tables C.6.1 of IEC 61508-7:2010

Other methods to comply with the requirements can be applied.
H.11.12.3.2.2 Software@rchitecture
H.11.12.3.2.2.1 Thé/description of software architecture shall include the following aspects:

— techniqugs and.measures to control software FAULTS/errors (refer to H.11.12.2);

— interactions between hardware and software;

— partitioning into modules and their allocation to the specified safety functions;
— hierarchy and call structure of the modules (CONTROL flow);

—interrupt handling;

— data flow and restrictions on data access;

— architecture and storage of data;

— time based dependencies of sequences and data.
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Examples of techniques/measures can be found in Table H.3:

Table H.3
Software architecture specification

Technique/Measure

References (informative)

Fault detection and diagnosis

C.3.1 of IEC 61508-7:2010

Semi-formal methods:
- Logic/function block diagrams

- Sequence diagrams

- Finite]|
- Data

B.2.3.2 of IEC 61508-7:2010
C.2.2 of [IEC 61508-7:2010

state machines/state transition diagrams

low diagrams

H.11.12.3.2
safety requ

NOTE Accept

— CONTROL ff

— data flow anglysis;

- WALK-THR
H.11.12.3.2
NOTE 1 The

NOTE 2 For [j
IEC 61508-7:4

H.11.12.3.2
Software n
architectursg

The modulé
— function(s

— interfaces

.2.2 The architecture specification shall be verified against the specification of th
rements by static analysis.

hble methods for STATIC ANALYSIS are:

ow analysis;

DUGHS/design reviews.
.3 Module design and coding

se of computer aided design tools is accepted.

efensive Programming (for example, range checks, check for division by 0, PLAUSIBILITY CHECKS)
010.

.3.1 Based on the architecture design, software shall be suitably refined intg
odule design and coding shall be implemented in a way that is traceable to th
and requirements.

design shall specify:

to.other modules,

e software

see C.2.5 of

modules.
e software

— data.

Examples of techniques/measures can be found in Table H.4:

Table H.4
Module design specification

Technique/Measure

References (informative)

Limited size of software modules

C.2.9 of IEC 61508-7:2010

Information hiding/encapsulation

C.2.8 of IEC 61508-7:2010

Table H.4 Continued on Next Page
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Table H.4 Continued

Technique/Measure

References (informative)

One entry/one exit point in subroutines and functions

C.2.9 of IEC 61508-7:2010

Fully defined interface

C.2.9 of IEC 61508-7:2010

Semi-formal

methods:

- Logic/function block diagrams
- Sequence diagrams
- Finite state machines/state transition diagrams

- Data flow diagrams

B.2.3.2 of IEC 61508-7:2010
C.2.2 of IEC 61508-7:2010

H.11.12.3.2.3.2 Software code shall be structured.

NOTE Structdral complexity can be minimized by applying the following principles:

— keep the ny

mber of possible paths through a software module small, and the relation between the input and output

simple as pogsible;

—avoid comp

— where poss|

—avoid using

icated branching and, in particular, avoid unconditional jumps (GOTO) in higherlevel languages;

ble, relate loop constraints and branching to input parameters;

complex calculations as the basis of branching and loop decisiéns.

Examples pf techniques/measures can be found in Table'H:5:

Table H.5
Design and coding standards

parameters as

Technique/

Measure

References (informative)

Use of codin

g standard (see H.11.12.3.2.4)

C.2.6.2 of IEC 61508-7:2010

No use of dy

namic objects and variables (see Note)

C.2.6.3 of IEC 61508-7:2010

Limited use jof interrupts

C.2.6.5 of IEC 61508-7:2010

Limited use

of pointers

C.2.6.6 of IEC 61508-7:2010

Limited use

of recursion

C.2.6.7 of IEC 61508-7:2010

No uncondif

onal jumps imprograms in higher level languages

C.2.6.2 of IEC 61508-7:2010

Dynamic ob
and/or varia

ects and/or variables are allowed if a compiler is used which ensures that sufficient memory for all dynam
bles will-be allocated before runtime, or which inserts runtime checks for the correct online allocation of m

ic objects
Emory.

H.11.12.3.2.3.3 Coded software shall be verified against the module specification, and
specification shall be verified against the architecture specification by static analysis.

NOTE Examples of methods for STATIC ANALYSIS are:

— CONTROL flow analysis;

— data flow analysis;

— WALK-THROUGHS/design reviews.

he module
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H.11.12.3.2.4 Design and coding standards

Program design and coding standards shall be consequently used during software design and
maintenance.

Coding standards shall specify programming practice, proscribe unsafe language features, and specify
procedures for source code documentation as well as for data naming conventions.

H.11.12.3.3 Testing

H.11.12.3.3.1 Module design (software system design, software module design and coding)

H.11.12.3.3.1.1 A test concept with suitable test cases shall be defined based on the fmodule design
specification.

H.11.12.3.3.1.2 Each software module shall be tested as specified within the test Cancept.
H.11.12.3.3.1.3 Test cases, test data and test results shall be documented.

H.11.12.3.3.1.4 Code verification of a software module by static means includes such techniques as
software INPPECTIONS, WALK-THROUGHS, STATIC ANALYSIS and formal proof.

Code verifigation of a software module by dynamic means includes functional testing, white-pox testing
and statistigal testing.

It is the conpbination of both types of evidence that provides assurance that each software modyle satisfies
its associatpd specification.

Examples qf techniques/measures can be found'in Table H.6:

Table H.6
Software module testing

Technique/Nleasure References (informative)
DYNAMIC ANALYSIS and testing: B.6.5 of IEC 61508-7:2010

- Test case execution from beundary value analysis C.5.4 of IEC 61508-7:2010

- Structlire-based testing C.5.8 of IEC 61508-7:2010
Data recording and analysis C.5.2 of IEC 61508-7:2010
Functional apd black-box testing: B.5.1, B.5.2 of IEC 61508-7:2010

- Boundary.value analysis C.5.4 of IEC 61508-7:2010

- Process simulation C.5.18 of IEC 61508-7:2010
Performance testing: C.5.20 of IEC 61508-7:2010

- Avalanche/stress testing C.5.21 of IEC 61508-7:2010

- Response timings and memory constraints C.5.22 of IEC 61508-7:2010
Interface testing C.5.3 of IEC 61508-7:2010

NOTE Software module testing is a verification activity.
H.11.12.3.3.2 Software integration testing

H.11.12.3.3.2.1 A test concept with suitable test cases shall be defined based on the architecture design
specification.
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H.11.12.3.3.2.2 The software shall be tested as specified within the test concept.

H.11.12.3.3.2.3 Test cases, test data and test results shall be documented.

Examples of techniques/measures can be found Table H.7:

Table H.7
Software integration testing

Technique/Measure References (informative)
Functional gmd-btack-boxtesting: B5 1 B85 20 EC61508=7-2010

- Bounglary value analysis C.5.4 of IEC 61508-7:2010

- Procgss simulation C.5.18 of IEC 61508-7
Performancg testing: C.5.20 of IEC 61508-7:2010

- Avalahche/stress testing C.5.21 of IEC 61508-7:2010

- Respgpnse timings and memory constraints C.5.22 of IEC 61508-7:2010

NOTE Softwdre integration testing is a verification activity.

H.11.12.3.8.3 Software validation

H.11.12.3.8.3.1

safety requ

H.11.12.3.8.3.2 The software shall be validated with(reference to the requirements of the soff]

irements specification.

requirements specification as specified within the validation concept.

The softwsg

re shall be exercised by simulation or stimulation of

— input signals present during normal .OPERATION,

— anticipat¢d occurrences,

— undesirefl conditions requiring SYSTEM action.

A validation concept with suitable test cas€s shall be defined based on the software

ware safety

H.11.12.3.8.3.3 Testcases, test data and test results shall be documented.
Examples pf techniques/measures can be found in Table H.8.
Table H8
Software safety validation
Technique/Measure References (informative)
Functional and black-box testing: B.5.1, B.5.2 of IEC 61508-7:2010
- Boundary value analysis C.5.4 of IEC 61508-7:2010
- Process simulation C.5.18 of IEC 61508-7:2010
Simulation, modeling:
- Finite state machines B.2.3.2 of IEC 61508-7:2010
- Performance modeling C.5.20 of IEC 61508-7:2010

NOTE Testing is the main validation method for software; modelling can be used to supplement the validation activities.
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H.11.12.3.4 Other Iltems
H.11.12.3.4.1 Tools, programming languages

Equipment used for software design, verification and maintenance, such as design tools, programming
languages, translators and test tools, shall be qualified appropriately, and shall be shown to be suitable for
purpose in manifold applications.

They are assumed to be suitable if they comply with "increased confidence from use" according to C.4.4 of

IEC 61508-

H.11.12.3.4:2—Mamagement of Software versions

7:2010.

A software [version management system at the module level shall be put in place. Allversions shall be
uniquely idgntified for traceability.

H.11.12.3.4.3 Software modification

H.11.12.3.4.3.1 Software modifications shall be based on a modification’ request which fdetails the
following:

— the HAZARDS which may be affected,

— the propoged change,

— the reasops for change.

H.11.12.3.4.3.2 An analysis shall be carried out.te:determine the impact of the proposed modification on
FUNCTIONAL SAFETY.

H.11.12.3.4.3.3 A detailed specification for-the modification shall be generated including the|necessary
activities fof verification and validation, stich as a definition of suitable test cases.

H.11.12.3.4.3.4 The modification shall be carried out as planned.

H.11.12.3.4.3.5 The assessment of the modification shall be carried out based on the specified
verification pnd validation activities. This may include:

— a reverifid

— a reverifid

ation of-ctianged software modules;

ation,of affected software modules;

— a revalidation of the complete SYSTEM.

H.11.12.3.4.3.6 All details of modification activities shall be documented.

H.11.12.3.5 For CLASS C CONTROL FUNCTIONS, the manufacturer shall have used one of the combinations
(a—p) of analytical measures given in the columns of Table H.9 during hardware development.
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Table H.9

(H.11.12.6 of edition 3) — Combinations of analytical measures during hardware development

Hardware
development
stage a

H.2.17.5
INSPECTION

H.2.17.9 WALK-
THROUGH

H.2.17.7.1 X
STATIC
ANALYSIS

H.2.17.1
DYNAMIC
ANALYSIS

H.2.17.3
HARDWAREH
ANALYSIS

H.2.17.4
HARDWARH
SIMULATION

H.2.17.2 X
FAILURE RATE
CALCULATIPN

H.2.20.2 FMEA

H.2.17.6 X
OPERATIONAL
TEST

H.11.12.4 | Remotely actuated control functions

H.11.12.4.1 Data exchange

H.11.12.4.1.1 General

REMOTELY ACTUATED CONTROL FUNCTIONS may be connected to separate, INDEPENDENT devices| which may
themselve$ contain CONTROL functions or provide other information. Any data exchange between these
devices shpll not compromise‘the integrity of CLASS B CONTROL FUNCTION Or CLASS C CONTROL FUNCTION.

H.11.12.4.1.2 Type ofidata

Message {ypes faor )data exchange in a CONTRoOL function or functions shall be allocated [to CLASS A
CONTROL FUNCTION, CLASS B CONTROL FUNCTION or CLASS C CONTROL FUNCTION. Regarding the safety or
protective frelevance or influence, message types or data exchange shall be allocated only|to CLASS B

CONTROL FUNETION or CLASS C CONTROL FUNCTIONS, see Table H.10

Table H.10
Data exchange

Data Safety relevant Non safety relevant
Operating data Messages such as “RESET from safe state” Messages such as on/off instructions, room
temperature information
Configuration Messages modifying parameters that determine Messages modifying parameters that determine
parameters related CLASS B CONTROL FUNCTION or performance related functions

CLASS C CONTROL FUNCTION

Software modules

Modules downloaded into a system, that
determine related CLASS B CONTROL
FUNCTION or CLASS C CONTROL FUNCTION

Modules downloaded into a system, that
determine performance related functions
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H.11.12.4.1.3 Communication of safety related data
H.11.12.4.1.3.1 Transmission

Safety relevant data shall be transmitted authentically concerning:

— data corruption;

— address corruption;

—wrong timing or sequence.

Data variat
shall be en
or higher sg

Compliancy
NOTE 1 Spec
— data deletior
— data insertio|
— corruption o
—change in s4
—make a non-
—incomplete 4

— corruption o

—wrong addrgss;

— more addregses;

—receive mes|

—delay in tran

— wrong sequg

on or corrupted data shall not lead to an unsafe state. Before the use of transmit
sured that the above items are addressed using the measures as given in Anhex H g
ftware class used by that function.

 js checked by assessment according to Annex H.

al attention is drawn to Table H.1, component 6, with regard to the following items:
from the original message;

h into the original message;

the data in the original message;

quence of data in the original message;

authentic message look like an authentic message;

ddress;

the address of the original messade;

Eage more thanonce;

pmitting orréceiving the message;

fed data, it
f the same

nee.of sending/receiving.

In addition to the items in Note 1, the following FAILURE modes shall be addressed:

— permanent “auto-sending” or repetition,

— interruption of data transfer.

NOTE 2 Additi

H.11.12.4.1

onal examples of measures are given in Table H.11.

.3.2 Access to data exchange

For CLASS B CONTROL FUNCTION or CLASS C CONTROL FUNCTION related operating data, configuration
parameters and/or software modules are allowed to be transmitted via communication, if adequate
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hardware/software measures are taken to prevent unauthorized access to the CONTROL function.
Examples of which are given in Table H.11.

For access to data exchange of CLASS B CONTROL FUNCTION or CLASS C CONTROL FUNCTION related
operating data through PUBLIC NETWORKS, appropriate CRYPTOGRAPHICAL TECHNIQUES shall be
implemented. See H.11.12.4.5.

NOTE Aspects concerning security are found under the work of ISO/IEC JTC 1/SC 27 (TC 205).
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_ Table H.11 o
Examples of defences against unauthorised access and transmission failure modes
Defences
To cover Threats Sequence Time Time-out ¢ Feedback Sourced Identification Safety | Cyrpto-graphic
number ® stamp ¢ message °© destination procedure code ¢ techniques
identifier
Repetition of a megsage X X
Deletion of message X
Insertion of message X X X X
Transmission | Re-sequence of dgta in X X
failure modes " | Mmessage
Corrupted, deleted|or x@ X
inserted data in message
Delay in sending / X X
receiving the messhge
Unauthorized Masquerade ' X X X
access

Examples of defences against unautho
@ See Table H.1, items 6.1 and 6.2.

b Additional data field containing a num
¢ Information concerning time of transnj
9 Delay between two messages exceed
NOTE 1 If this is the case, an error can
¢ Response from a receiver to a sendel]

NOTE 2 This identifier can be a name,
9 Redundant data included in a safety-r
" These failure modes are of random a
Masquerade: Making an inauthentic m

fIdentifier which is assigned to each enfi

ber that changes in a predefined way from message to message.
ission attached to a message by the sender.

ing a predefined allowed maximum time.

be assumed.

via a return channel.

y.

—

d systematic nature-:
lessage look/like:an authentic message by an unauthorized user.

ized access can also be found in the applications coveredby EN 50159: 2011.

humber or arbitrary bit pattern. This identifier will be used for the safety-related communication. Usually th
blated message to petmit data corruptions to be detected by the safety-related transmission function.

e identifier is added to the user data.



https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

OCTOBER 18, 2021 UL 60730-1 269

H.11.12.4.1.3.3 Revision of Class B and Class C software

Requirements of H.11.12.3 shall apply to class B and class C software revisions. In addition, hardware
configuration management shall be required, and measures shall be taken to ensure the CONTROL
maintains its protective functions in accordance with this standard.

NOTE Hardware configuration management is meant to be in addition to software verification in order to maintain the integrity of the
CONTROL. SYSTEM level implications are taken into consideration.

H.11.12.4.1.4 For REMOTELY ACTUATED CONTROL FUNCTION OPERATION, the duration or limits of OPERATION
shall be set before switching on, unless an automatic switching off is realized at the end of a cycle or the
SYSTEM is designed for permanent OPERATION.

Compliancg is checked by software INSPECTION.

H.11.12.4.2 Care shall be taken that priority over CONTROL functions shall not lead to a| hazardous
condition.

Compliancg is checked by INSPECTION.
H.11.12.4.3 Remote reset action

H.11.12.4.8.1 The remote RESET action shall be manually initiatéd. When the RESET function is initiated
by a hand-held device at least two MANUAL actions are required)to’/activate a reset.

NOTE The twjo MANUAL ACTIONS are considered to be discrete and separate.
H.11.12.4.8.2 RESET functions shall be capable of resetting the SYSTEM as intended.
H.11.12.4.8.3 Unintended RESETS from safe _state shall not occur.

H.11.12.4.8.4 Any FAULT of the RESET function shall not cause the CONTROL or controlled functjon to result
in a hazardous condition, and shall be.évaluated for its Class B classification.

H.11.12.4.8.5 For RESET functions initiated by MANUAL ACTION not in visible sight of the appliance, the
following aflditional requirements apply:

— the actupl status andirelevant information of the process under control shall be visible to the USER
before, duning and afterthe RESET action;

— the maximum™~aumber of RESET actions within a time period shall be declared (for examplg, 5 actions
within a tirpe 'span of 15 min). Following this, any further RESET shall be denied unless the appliance is
physically eheeked-

H.11.12.4.3.6 Consideration for the evaluation of reset functions on the final application
The RESET function shall be evaluated on the final application.

NOTE 1 Remote reset requirements are dictated by the end product requirements (example — the boiler standard).
NOTE 2 Not all types of remote RESET functions may be found suitable for some applications.

If the RESET is activated by manual switching of a THERMOSTAT or device with similar function, this shall be
declared by the manufacturer and be suitable in the final application.
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H.11.12.4.4 Software download and installation

H.11.12.4.4.1

transmitted

to the CONTROL via remote communication shall be checked prior to its use:

Software updates for Class B and Class C software provided by the manufacturer and

— against corruption through communication ensuring HAMMING DISTANCE 3 for software class B, or
HAMMING DISTANCE 4 for software class C. (Refer to Table H.1 for external communication.);

— if the software version is compatible with the hardware version of the CONTROL according to the version
management documentation.

Additionall
the FAULT/e

H.11.12.4.4
in H11.12
PROCEDURH

The CRYPT
router or sif

H.11.12.4.4
USER and a

H.11.12.4 .4
the softwa
standard.

Compliancy

—thesoftwarewhichperforms-theabove memntiomedchecksshattcontaimmeasure
rror conditions specified in H.11.12.2.

.2 In case of software download via remote communication, the CRYPTOGRAPHIC T
4.5 shall be provided. In addition to the requirements in H.1142.4.5, IDE
s shall also be provided for the software packages.

DGRAPHIC TECHNIQUES employed shall be part of the CONTROL, @nd not rely upon
hilar data TRANSMISSION device itself, and shall be performed prior to TRANSMISSION.

.3 For each update of software, the CONTROL shall have provisions for authoriza
version ID number which shall be accessible.

.4 The installation of class B software or class €, software is permitted when durin
e installation process the CONTROL remainsh™inh compliance with the requireme

b is checked by software INSPECTION.

H.11.12.4.

In cases

Cryptographical techniques:

here CLASS B CONTROL.‘FUNCTION Or CLASS C CONTROL FUNCTION related oper

configuratign parameters and/or software modules are transmitted over a PUBLIC NETWORK, an|

software

pdates are provided by the manufacturer via remote communication, CRYA

TECHNIQUES$ shall be employed:

Complianc

is checkedtby software INSPECTION and review of technical documentation whig

adherence fo the commenly accepted data integrity protection methods.

NOTE Examples of commonly accepted CRYPTOGRAPHIC TECHNIQUES are defined and described in ISO/IEC 9
9797, 1ISO/IEG 9798, ISO/IEC 10118, ISO/IEC 11770, ISO/IEC 14888, ISO/IEC 15946, ISO/IEC 18033, ISO/IEC 291
ISO/IEC 1977p:!

5 to control

ECHNIQUES
NTIFICATION

part of the

tion by the

g and after
nts of this

bting data,
d/or where
TOGRAPHIC

h provides

796, ISO/IEC
2, as well as

H.17 Endurance

H.17.1 General requirements

H.17.1.4 No endurance test is carried out on ELECTRONIC CONTROLS with TYPE 1 ACTION unless this is
necessary for the testing of associated components such as those with MANUAL ACTIONS, relays, etc.

H.17.1.41

ELECTRONIC CONTROLS with TYPE 2 ACTION are not subjected to an endurance te

st but to a

thermal cycling test under the conditions described in H.17.1.4.2. This test may be combined with the
testing of any associated components such as those with MANUAL ACTIONS, relays, etc., if this is possible.
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H.17.1.4.2 Thermal cycling test

The purpose of the test is to cycle components of an electronic circuit between the extremes of
temperature likely to occur during NORMAL USE and which may result from ambient temperature variation,
mounting surface temperature variation, supply voltage variation, or the change from an operating
condition to a non-operating condition and vice versa.

The tests necessary to achieve the above conditions will depend to a large extent on the particular type of

CONTROL and will be expanded upon, if necessary, in the appropriate part 2 of this standard.

The following conditions shall form the basis of the test:

a) Duratior

14
pro
req

b) Electrice

Thq
the
red|
tem
whi

c¢) Therma

Thq
ang
bet
shad

d) Rate of

Dufling the test, the ,GONTROL shall be cycled through its operational modes at the

pod
bet

If a
divi
intég

Hays, or any duration specified in the relevant part 2, whichever is the greater. Fo
iding ELECTRONIC DISCONNECTION (type 2.Y), 14 days, or the number. of cycles
Lirements 26 and 27 of Table 1, whichever produces the longer duration.of test.

| conditions

CONTROL shall be loaded according to the ratings declafed by the manufacturer,
h being increased to 1,1 Vg except for 30 min of each 24 h-period of the test when th
liced to 0,9 Vg The change of voltage shall net‘be synchronized with the
perature. Each 24 h period shall also include atd{east one period in the order of
ch the supply voltage is switched off.

conditions

ambient temperature and/or the mounting surface temperature are varied between
Tmin (Tsmin) to cause the temperature of the components of the electronic circuit t
ween the resulting extremes. Thevate of ambient and/or mounting surface tempera
I be in the order of 1 K/min and the extremes of temperature maintained for approxi

DPERATION

sible up to a maximum of six cycles per minute, subject to the need to cycle d
ween their temperature extremes.

n operational mode, such as speed control, can be set by the USER, the test per
fed into-three periods, one period being at the maximum, one at the minimum an
rmediate SETTING.

I CONTROLS
declared in

the voltage
e voltage is
change of
30 s during

TMAX (Tsmax)
b be cycled

ure change
nately 1 h.

fastest rate

omponents

od shall be
o one at an

For

CONTROLS providing ELECTRONIC DISCONNECTION (type Z2.Y), the test also includes I

number of OPERATIONS from the conducting to the non-conducting state and vice versa.

H.17.1.4.3

Controls with remote reset actions

he declared

Independently mounted devices performing remote RESET functions shall be tested for a minimum 1 000
RESET actions. For integrated and incorporated devices, unless otherwise specified, the minimum RESET
cycles shall be declared by the manufacturer. After the test, the reset device shall be capable to RESET the
SYSTEM as intended. Unintended RESETS shall not occur.

H.17.14 Evaluation of compliance

Replacement of first paragraph:
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After all the appropriate tests of 17.6 to 17.13 inclusive and H.17.1.4, modified as specified in the
appropriate part 2, the CONTROL shall be deemed to comply if:

Additional dashed paragraph:

— for CONTROLS providing ELECTRONIC DISCONNECTION (type 1.Y or 2.Y), the requirements of H.11.4.16 are

still met.

H.1

7.14DV D2 Addition of the following dashed item:

— Electronic controls with type 2 action shall comply with the requirements of H.26.15.

H.18 Mec

H.18.1 General requirements

H.18.1.5

For CONTR(
be met.

H.20 Cre¢page distances, clearances and distances through insulation

H.20.1 Ag
H.20.1.15

H.20.1.15.1
connected
requiremen

H.20.1.15.9

— across PH
INSULATION;

— across e
SUPPLEMEN

H.20.1.15.3

hanical strength

\ddition:

LS providing ELECTRONIC DISCONNECTION (type 1.Y or 2.Y), the’requirements of H.11

Jditional subclauses:
Electronic controls

CREEPAGE DISTANCES, CLEARANCES and distances through insulation between
electrically to the mains supply)and ACCESSIBLE SURFACES or parts shall comp
ts of Clause 20.

CREEPAGE DISTANCES,\CLEARANCES and distances through insulation shall comply:

OTECTIVE IMPEDANGE With the requirements of Clause 20 for DOUBLE INSULATION or R

hch separate component of PROTECTIVE IMPEDANCE with the requirements of Cla
TARY INSULATION.

the requirements of Clause 20

EREEPAGE DISTANCES and CLEARANCES providing FUNCTIONAL INSULATION shall ¢

.4.16 shall

LIVE PARTS
y with the

EINFORCED

use 20 for

omply with

H.23 Electromagnetic compatibility (EMC) requirements — Emission

Equipment that uses integrated or INCORPORATED CONTROLS should comply with its relevant product EMC
standard. Integrated and INCORPORATED CONTROLS are tested in the end use equipment.

H.23.1

electromagnetic disturbances in their ENVIRONMENT.

H.23DV D2 Add the following paragraph:

ELECTRONIC CONTROLS shall be so constructed that they do not emit excessive electric or

H.23.1DV Free-standing, independently-mounted and in-line cord electronic controls
shall comply with FCC, Part 15, sub part B for unintentional radiators, or sub part C for
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intentional radiators (e.g., controls with incorporated/integrated wireless transmitter
devices), if mandated by local authorities having jurisdiction.

H.23.1.1 Low frequency emission, disturbances in supply systems

Integrated and INCORPORATED CONTROLS are not subjected to the tests of this clause, as the results of
these tests are influenced by the incorporation of the CONTROL into the equipment and the use of
measures to control emissions used therein. They may, however, be carried out under declared conditions
if so requested by the manufacturer.

CONTROLS
supply (the
these test
manufactufrer in requirement 74 of Table 1. This requirement does not apply to CONTROLS dg¢clared and
designed fpr PILOT DUTY load only.

H.23.1.2 |Radio frequency emission

FREE-STANDING, INDEPENDENTLY MOUNTED and IN-LINE CORD ELECTRONIC CONTROLS using teleconpmunication

ports, soft
CISPR 14-

NOTE 1 Tele

CONTROLS

vare, oscillating circuits, or switching power supplies shall\eomply with the requ
1 and/or CISPR 22, class B, as indicated in Table H.12.

rements of

ommunication port is defined in 3.6 of CISPR 22:2008.

use with ISM equipment shall comply with the requirements of CISPR 11.

for ISM equipment and FREE-STANDING, INDEPENDENTLY MOUNTED and IN-LINE CORD CONTROLS for

Additional fetails may be given in the relevant part:2.
NOTE 2 The felevant part 2 will indicate whether the requirements of this clause apply to integrated and incorporated ELECTRONIC
CONTROLS.
TableH.12_
(H.23 of edition 3) — Emission
Port Frequency range Limits Basic standard Applicability note Rémarks
Enclosure || 30 MHz to 230\MHz | 30 dB(uV/m)at10 m CISPR 22 See Note 1 The|statistical
evaluption in the
basi¢ standard
dpplies
230.MHz to 1 000 37 dB(uV/m)at 10 m Class B
MHz
Above 1 GHz See Note 3 See Note 3
AC mains 0 kHz to 2 kHz IEC 61000-3-2 See Note 2
IEC 61000-3-3
0,15 MHz to 0,5 66 dB(uV) to 56 CISPR 22 The statistical
MHz dB(pV) quasi peak evaluation in the
Limits decrease 56 dB(WV) to 46 Class B Bl
linearly with log. dB(pV) average
frequency
0,5 MHz to 5 MHz 56 dB(uV) quasi
peak
46 dB(pV) average

Table H.12 Continued on Next Page
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Table H.12 Continued

Port

Frequency range Limits Basic standard Applicability note

Remarks

5 MHz to 30 MHz 60 dB(pV) quasi

peak
50 dB(uV) average

Load
terminals

0,15 MHz to 30 MHz | See basic standard CISPR 14-1

Clause:
discontinuous
interference

NOTE 1 App
greater than

licable only to CONTROLS containing processing devices, for example, microprocessors operating at frequencies

kHz.

NOTE 2 App
covered by |

NOTE 3 Lim

FC 61000-3-2 and IEC 61000-3-3 are under consideration.
ks and applicability, see 6.2 of CISPR 22:2008.

icable only to equipment within the scope of IEC 61000-3-2 and IEC 61000-3-3. Limits for CONTROLS"

t currently

H.25 Normal operation

H.256.1 Th

The output
either sinug

NOTE Attentig
H.26 Eled

H.26.1 EL
perturbatio
For TYPE 2
safety func

Evaluation
part 2. Ref
levels spec
on the cCoN
test and sa
levels.

The part 2
PROTECTIVH
and door-Ig
OPERATING

e output waveform of ELECTRONIC CONTROLS shall be as declared.

waveform of the CONTROL shall be examined under all normal operating conditions a
oidal or as declared in Table 1, requirement 53.

ECTRONIC CONTROLS shall be so constructed as to withstand the effects of m

s
TCONTROLS the tests of Clause H.26\are also carried out after the CONTROL has pe|

'ROL as a result of tests using test levels 2 and/or 3, such as normal OPERATION after
fe OPERATION of appliance/safe shut-down after test level 3 test. Parts 2 may specify)|

n is drawn to IEC 61000-3-2 and 61000-3-3, which impose restriction on mains disturbances.

tromagnetic compatibility (EMC) requirements — Immunity
and electromagnetic phenomena, which may occur in NORMAL USE (see NOTE 3

ion.

fied by the IEC 61000 series. The part 2 shall provide acceptable effects, assessm

shall specify test levels for Clause H.26 tests. As a minimum, test level 3 is af
CONTROLS intended to prevent unsafe OPERATION of the controlled equipment, such
cks.for laundry equipment, and burner CONTROLS. As a minimum, test level 2 is af

nd shall be

ains-borne
of 2.13.4).
rformed its

criteria for the CONTROL ;appropriate to test level 2 and/or 3 shall be given by the appropriate
er to all subclauses in H-26.15 for additional details. These test levels correspon

d with test
bnt criteria,
test level 2
higher test

plicable to
as cut-outs
plicable to

CONTRQLS relied on for the normal QPERATION of the nquipmpnf, such as THERMQSTAT

. TIMERS.

The tests of Clause H.26 are not applicable to non-electronic CONTROLS because of their tolerance to such
perturbations. The appropriate tests for specific types of non-electronic CONTROLS may be included in
other clauses of the appropriate part 2.

H.26.2 Compliance is checked at test levels as indicated by the following Table H.13. The CONTROLS
shall comply with H.26.15.
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Table H.13
(H.26.2.1 of edition 3) — Applicable test levels

Control type Type action Applicable Clause Applicable test levels

H.26 tests corresponding to H.26.15.3 2

OPERATING CONTROL TYPE 1 H.26.8, H.26.9 2

OPERATING CONTROL TYPE 2 H.26.4 to H.26.14 2, 3, or 4 as specified

PROTECTIVE CONTROL TYPE 2 H.26.4 to H.26.14 3

PROTECTIVE CONTROLS declared in Table 1, TYPE 2 . )

requirement 90 intended for use in accordance with H.26.4 to H.26.14 tAop?gC%bfé?lség\gg:?sc_ﬁqgg?g

IEC 60335-1 o :

@ Lower test,

- - Th1EC 610004 seni

Taple H.11DV D2 Replacement of Table H.13 with Table H.13DV:

Table H.13DV
Applicable test levels
App||cab|e clause Appllcable tesf levels
Control type Type action H.26 tests corresponding to H.26.15.3 2
OPERATING CONTROL Type 1
H.26.8; H.26.9 2

OPERATING CONTROL Type 2

H.26.4 to H.26.14 2
PROTECTIVE CONTROL Type 2 1

H.26.4 to H.26.14 3"
P QOTECTI.VE CON.TROLS declared Type 2 H.26.4 to H.26.14, Applicable test levels according
in Table 1, item 90 intended for use H.26.16 t0 19.11.4 of IEC|60335-1
infaccordance with IEC 60335-1 o o

-

For the test of H.26.13, test levels 2 and 3 apply.

Y

L ower test levels shall be consideréd in accordance with IEC 61000-4 series.

H.26.2.1
tests of H.!

H.26.2.2
H.26.5 andg

NOTE The s|

standard(s) o|

For integrated andiNCORPORATED CONTROLS with TYPE 1 ACTION, compliance is che
6.8 and H.26.9.if declared in Table 1, requirement 58a.

For integrated and INCORPORATED CONTROLS with TYPE 2 ACTION, compliance is
any othert‘tests of Clause H.26 which are declared in Table 1, requirement 58a.

itability.of each test in Clause H.26 to a given CONTROL can be determined by reference to the approp
te the manufacturer's declaration of the intended use of the CONTROL.

cked by the

checked by

iate appliance

This determination of suitability includes an assessment:

—whether the CONTROL will be exposed to a particular type of disturbance in its application;

— whether the response of the CONTROL to the particular type of disturbance is relevant to safety in its application.

H.26.3 A separate sample, as submitted, may be used for each test. At the option of the CONTROL
manufacturer, multiple tests may be performed on a single sample.

H.26.4 Harmonics and interharmonics including mains signalling at a.c. power port, low
frequency immunity tests

For protective CONTROLS declared according to requirement 90 of Table 1, the following test applies:
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The CONTROL is subjected to mains signals in accordance with IEC 61000-4-13, test level class 2 being
applicable.

During the test the CONTROL is supplied with rated voltage. The test levels for Class 2 environment
according to Tables 1 to 4 of IEC 61000-4-13:2002 shall be applied at the a.c. power port of the EUT. The
CONTROL is tested under the test conditions as specified in the specific CONTROL standard.

The following tests are performed in accordance with Figure 1a of IEC 61000-4-13:2002, Amendement
1:2009, for Class 2 environment:

— "Harmonic combination” (see 8.2.1 of IEC 61000-4-13:2002, Amendement 1:2009);

— "Meister qurve” (see 8.2.4 of IEC 61000-4-13:2002, Amendement 1:2009).
H.26.5 Vgltage dips, voltage interruptions and voltage variations in the power supply network

The CONTRPL shall tolerate voltage dips voltage interruptions and voltage variations in the power supply
network.

Compliancg is checked by the tests of H.26.5.1 to H.26.5.2 inclusive.

H.26.5.1 Voltage dips and interruptions

The purpoge of the test is to verify the immunity of the equipment against voltage dips ahd voltage
interruptiong. Voltage dips and interruptions are caused by FAULTS in the LV, MV, HV networks (ghort-circuit
or ground FAULTS).

H.26.5.1.1 | Test levels for voltage dips and interruptions

The test values in Table H.14 shall be applied to all the test levels.

. . Table H.14 o
Voltage dips, short interruptions and voltage variations
. AU
Duration
30 % 60 % 100 %
Half-cycle of[supply waveform X
One cycle of|supply waveform X
2,5 cycles X X X
25 cycles X X X
50 cycles X X X

NOTE Where intermediate durations of voltage interruption may affect either the inherent safety of the CONTROL or the output of
a type 2 CONTROL, parts 2 may indicate voltage interruptions at other points.

Table H.14DV D2 Modify the first column of Table H.14 with the following:
2,5/3,0* cycles

25/30* cycles

50/60* cycles

*50 cycles for 50 Hz and 60 cycles for 60 Hz.
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H.26.5.1.2

Test procedure for voltage dips and interruptions

The test apparatus and procedures shall be as described in IEC 61000-4-11. During the test, the CONTROL
shall be initially operated at its rated voltage.

The voltage dips and interruptions, at random phase with respect to the mains frequency, shall be

performed

at least three times in the relevant operating modes.

Attention should be given to the operating modes in which the CONTROL may be particularly sensitive to
voltage dips and interruptions.

Between th

In the case
on the thre

For protec
applies:

Protective
respect to

H.26.5.2

The purpo
short perio

H.26.5.2.1

The test vglues in Table H.15 shall be appliedto all the test levels.

H.26.5.2.2

The test a
changes a
illustrated i

stepped. The steps shall be/positioned at 0 crossing and shall be not larger than 10 % of V. §
1 % of VR gre evaluated.as constant rate of change of voltage.

T voitage dipsandnterruptions a waiting time of atfeast 10 s shattbeobserved:

of three-phase equipment, it may be necessary to apply voltage dips and interrug
e phases simultaneously or on one or two phases only.

ive CONTROLS declared according to requirement 90 of Table 1, the following ad

CONTROLS shall be subjected to voltage dips and interruptions”at random phase
he mains frequency as well as at the zero crossing of the supply voltage.

Voltage variation test

be of the test is to verify the immunity of the CONTROL against voltage change taking f
H which may occur due to a change of load or stored energy in local power networks

Test levels for voltage variations

Test procedure

pparatus and procedures shall be as described in IEC 61000-4-11. The duration of
hd the time for whieh'the reduced voltages are to be maintained are given in Tabl|
h Figure H.2. The. rate of change of voltage shall be constant; however, the voltage i

Table H.15
(H.26.5.4.2 of edition 3) — Test values for voltage variations

tions either

Hitional test

angles with

lace over a

the voltage
e H.15 and
5 able to be
bteps under

Voltage test level

Time for decreasing voltage

Time at reduced voltage

Time for increasing voltage

40 % Vi

2520 %

15s+20%

25+x20%

0% Vg

2520 %

15+20%

25x20%

X

X

X

NOTE x represents an open set of durations and is able to be specified in part 2.
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100% f---~ - -—=
40% - -
% T T T T 17 1T T 1T T (1T T 1.~
I Lo
$5359
NOTE The voltage gradually decreases.
Figure H.2

The CONTR|
between ea
may be spsg

H.26.6
H.26.6.1 |
This test ap

The purpos
equipment

— overheati
— generatio

The degree

Voltage variation test

DL is subjected to each of the specified voltage test cycles three times with 10
ch test cycle for the most representative modes of-@RERATION. Additional voltage
cified in part 2.

Tesst of influence of voltage unbalance

Purpose of the test — Range of application
plies only to three-phase equipment,

e of the test is to investigate'the influence of unbalance in a three-phase voltage
sensitive to this kind of intéeiference, such as:

hg of a.c. rotating machines;
N of non-characteristic harmonics in electronic power converters.
of unbalance is defined by the unbalance factor

U negative sequence voltage

T::

s intervals
test levels

system on

Uy postiive sequence voliage

H.26.6.2 Test voltage characteristics

A power frequency three-phase voltage shall be applied to the CONTROL with the specified unbalance

factor.

NOTE In order to obtain accurate results, a voltage with very small harmonics content can be used.

H.26.6.3 Test equipment/test generator

The test arrangement shall consist of three single-phase auto-transformers, whose outputs are regulated

individually,

or the like.
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H.26.6.4

Test level

The test shall be carried out with an unbalance factor of 2 %.

H.26.7 Test of the influence of d.c. in a.c. networks

NOTE Requirements and tests are under consideration.

H.26.8 Surge immunity test

The CONTROL shall tolerate voltage surges on the mains supply and relevant signal terminals.

Compliand

H.26.8.1

e is checked by the tests of H.26.8.2 to H.26.8.3 inclusive.

Purpose of the test

This test gpplies to the power supply terminals and in specific cases to the €ONTROL terminals (see

H.26.8.2).

CONTROLS
levels for

providing
ELECTRONI
DISCONNEQ
one surge,

The purpo
different ph

— switching
— FAULTS in
— lightning

The inducs
and of the

—if the SYS

— if the CON

the installation class specified for the CONTROL by the snanufacturer, when the
EL ECTRONIC DISCONNECTION. During and after the test/ the CONTROL shall continug
C DISCONNECTION, as determined by the test of H.11/4y16.2. If, during the test, the
TION is caused to be conductive for one-half cycle of'the supply frequency after af
this is not considered to be a FAULT.

5e of this test is to verify the immunity of the“CONTROL against unidirectional surges
enomena:

phenomena in the power network-(for example, switching of capacitor banks);
the power network;
strikes.

d voltage surge can have different effects, depending on the relative impedance of
CONTROL:

TEM has-adigh impedance relative to the source, the surge will produce a voltage su

TROL has a relative low impedance, the surge will produce a current pulse.

broviding ELECTRONIC DISCONNECTION are loaded as indicatedn 17.2 and subjected to the test

CONTROL is
to provide
£l ECTRONIC
plication of

caused by

the source

rge;

This behaviour can be illustrated by an input circuit protected by an overvoltage suppressor: as soon as
the latter breaks down, the input impedance becomes very low. A realistic test shall correspond to this
behaviour and the test generator shall be able to deliver a voltage pulse on a high impedance as well as a
current pulse on a low impedance (hybrid generator).

H.26.8.2

Test values

The tests as detailed in Table H.16 shall be applied.

The tests on the terminals for signal, data, CONTROL and other input lines shall only be performed if these
terminals are designed to make an interconnection with cables longer than 10 m, according to the
manufacturer's specifications.
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For PROTECTIVE CONTROLS declared according to requirement 90 of Table 1, the following additional test
applies:

The power supply terminals of the CONTROL are subjected to an open circuit test voltage of 4 kV
(applicable for the line-to-earth coupling mode) with a generator having a source impedance of 12 Q being
used, and to an open circuit test voltage of 2 kV (applicable for the line-to-line coupling mode) with a
generator having a source impedance of 2 Q being used.

Table H.16
(H.26.8.2 of edition 3) — Test voltages for test level 2

(depending on the installation class conditions)

Test values
peak kV
IEC 6100p-4-5 Power supply Unbalanced operated circuits Balanced operated circuits
installation class and lines and lines
Coupling mode Coupling mode Coupling mpde
Line to line Line to earth Line to line Line to earth Line to line Lipe to earth
2 0,5 1,0 0,5 1,0 No Test 1,0
3 1,0 2,0 1,0 240 No Test 2,0
4 2,0 4,0 2,0 40 No Test 2,0
NOTE 1 For fest level 3 requirements, apply the next higher installation class. Fontest level 4 requirements, apply instgllation
class 4 valugs.
NOTE 2 Tests are performed with any intended surge suppression propefiy.installed.
NOTE 3 In a|CONTROL, a lower category may follow any higher category when appropriate TRANSIENT OVERVOLTAGE control
means are pfovided.
NOTE 4 See|Annex R for description of installation class and further explanatory notes.
At test level 2) and 3), after the tests of H.26.8.2, the surge protective components shall not be destroyed.
H.26.8.3 Test procedure
The test apparatus and procedure shall be as described in IEC 61000-4-5. In accordancg with this
standard, the CONTROL is connected to an appropriate source of supply operating at the rated violtage with
the impulsg generator connected across the terminals.
If the systgm has more than one relevant operating mode, the impulses can be distributed over the
relevant operating\modes provided that, for each operating mode, a minimum of one impulse of each
polarity (+, t) and\€ach phase angle described in IEC 61000-4-5, shall be applied.

For CONTROLS having surge protective device arresters incorporating spark gaps, the test is repeated at a
test level that is 95 % of the flashover voltage.

The CONTROL is tested and assessed in each of the relevant operating modes, as specified in the relevant

part 2.

H.26.8.3DV D2 Modification of H.26.8.3 by adding the following sentence and table:

The tests are carried out by subjecting the system to six pulses of each polarity, positive
and negative (+,-), distributed at various angles of the supply waveform over the relevant
operating modes as indicated in Table H.16DV.1.
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Table H.16DV 1

Number of impulses Impulse, polarity Angle of supply wave, degrees
2 Positive 45
2 Positive 90
2 Positive 270
2 Negative 90
2 Negative 225
2 Negative 270

H.26.9 E
The CONTR
Compliand

H.26.9.1

Purpose of the test

ectrical fast transient/burst immunity test
OL shall tolerate fast transient bursts on the mains supply and on the signalines.

e is checked by the test of H.26.9.2 to H.26.9.3 inclusive.

This test agpplies to the power supply terminals and in specific cases to the CONTROL terminals (see

H.26.9.2).
The purpo
transients
induced in

H.26.9.2

The tests {

Test levels

hall be applied as specified in Table H.17.

se of this test is to demonstrate the immunity of‘the CONTROL to bursts of fast |low energy
Which may be produced by relays, contactorsy.etc., switch inductive loads and which may be
0 signal and data circuits.

The tests ¢n the terminals for interface-cables shall only be performed if these terminals are gesigned to

make an in

Generato
Duration

Operating

r drive:

conditions:

internal

1 min each positive (+) and also negative () polarity

terconnection with cables longer than 3 m, according to the manufacturer's specificgtions.

as in the relevant part 2 or, in the absence of a part 2, the relevant

operating modes

The test voltage on power supply port shall be applied simultaneously between the ground reference
plane and all of the power supply terminals (common mode).
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Table H.17

Test level for electrical fast transient burst test

Open circuit output test voltage and repetition rate of the

impulses
On power port, PE On 1/O (Input/Output) signal,
data and control ports
Applicable test levels Test level in Voltage Repetition Voltage peak Repetition
corresponding to H.26.15.3 accordance with IEC peak kV rate kHz kV rate kHz
61000-4-4
2 2 1 0,5
3 3 2 1

PROTECTIVE CONTROLS declared

in Table 1, requirement 90 intended 4 4 5 _ _

for use in acgordance with IEC

60335-1
H.26.9.3 Test procedure
The test apparatus and test procedures shall be as described in IEC 61000-444.
The CONTRQL is tested in each of the relevant operating modes, as spéecified in the relevant part|2.
H.26.10 Ring wave immunity test
NOTE In Cangda and the USA, the ringwave test of H.26.10 is required.
H.26.10.1 |Purpose of the test — Range of application
The purposge of the test is to verify the immunityzof equipment to oscillatory transients ("ring wiaves") that
appear in irjdoor (cable) residential and industrial LV-networks. This test is complementary to the 1,2/50 us
surge test that covers transients appearing.inoutdoor (overhead lines) networks. The energy inyolved with
"ring waveg" is however smaller than thelenergy associated with the surges; on the other hand, they may

generate effects in the CONTROL due 6.the voltage polarity change.

H.26.10.2

The test w4

Test wave characteristics

ve form shall consist of a pulse with a rise time of 0,5 us, followed by an oscillation

with a decr¢ment so thateach peak is 60 % of the preceding peak. See Figure H.3.

H.26.10.3

Test equipment/test generator

The surge ¢

yénerator for this immunity test is shown in Figure H.4.

at 100 kHz

H.26.10.4

Test levels

Voltages shall be applied in accordance with Table H.18.
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Table H.18
(H.26.10.4 of edition 3) — Peak voltages

Rated voltage Category?®
(max.) | T i
v kV R, kV R, Y R,
100 0,5 25 0,8 25 1,5 25
300 1,0 25 1,6 25 2,5 25
600 2,0 25 3,0 25 5,0 25

NOTE In the USA, the peak voltage of the impulse wave is determined by the rated voltage and declared category of the
CONTROL as given in IEC 60664-1.

@ kV open-ci
b See Anne

Fcuit. See Figure H.4 for R;.
L for categories.

H.26.10.5 | Test procedure
The cONTHOL shall be tested as indicated in H.26.8.3.
H.26.10.5DV D2 Modification of H.26.10.5 by replacing it with\the following:
H.26.10.5DV.1 The tests are carried out by subjecting the system to sixty pulses of each
pdlarity, positive and negative (+,-), distributed at<arious angles of the supply] waveform
oveer the relevant operating modes as indicated in\Table H.26.10.5DV.1.
Table H:26.10.5DV.1
Number of impulses Impulse, polarity Angle of supply wave, degrees
20 Positive 45
20 Positive 920
20 Positive 270
20 Negative 90
20 Negative 225
20 Negative 270
H.26.10.5DV.2.\The short-circuit current shall be 500 amperes.
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T=10 us
(f=100 kHz)
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N

A
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0,5us —»+i=
IEC
s3204a
Figure H3
Ring wave characteristics (0pen-circuit voltage)
2,50 R
o [0 o
0kv-108v | 5UH 1 Test Fit AC
DC =T~0,5uF =T~ 0,005 pF piece Her supply
T OOpfrc 1 3
® _T_ e
- IEC
sm639a

NOTE The value of R, is specified in Table H.22:
— Ry of 2,5 Q will provide a 500 A peak short-circuit current;
— R, of 25 Q will provide a 200 A short-circuit current.
Figure H.4
Schematic of a ring wave generator 0,5 pus /100 kHz
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H.26.11 Electrostatic discharge test

This test is

carried out in accordance with IEC 61000-4-2.

The test values shall be applied to test level 3.

Direct application of discharge: Contact discharges at 6 kV to accessible metal parts, or air discharges at 8
kV to ACCESSIBLE PARTS of insulating material shall apply.

Indirect application of discharge: Contact discharges at 6 kV to horizontal or vertical couple plate shall

apply.

For PROTE
applies: Th
discharges
material sh

H.26.12 |
H.26.12.1
The purpo

radio trans
immunity d

CTIVE CONTROLS declared according to requirement 90 of Table 1, the following)ad
is test is carried out in accordance with Clause 5, test level 4 of IEC 61000-4-2:20
at 8 kV to accessible metal parts, or air discharges at 15 kV to ACCESSIBLE PARTS (

all apply.

Radio-frequency electromagnetic field immunity

Purpose of the test

mitters or any other device emitting continuous wave' radiated electromagnetic 4
f CONTROLS to the radiation of hand-held transceivers (walkie-talkies) is the main

ditional test
D8. Contact
f insulating

be of the test is to verify the immunity of CONTROLS against’electromagnetic fields génerated by

nergy. The
toncern but

other sources of electromagnetic radiation are involvedy such as fixed station radio and television

transmitter
sources.

H.26.12.1.
level 2 nee

H.26.12.2

The CONTR
Compliand
H.26.12.2.

At minimur

5, vehicle radio transmitters and various industrial electro-magnetic sources of

I If the criticality of test level 2 testing:is not affected after test level 3 testing, the te
d not be carried out.

Immunity to conducted disturbances
OL shall tolerate high frequency signals on the mains supply and relevant signal tern]

e is checked with(the tests of H.26.12.2.1 to H.26.12.2.2, inclusive.

I Test levels‘for conducted disturbances

N, the test levels in Table H.19 shall be applied.

intermittent

sting of test

inals.

The tests

shall only be applied to interface cables which, according to the manufacturer’s s

ecification,

may be longer than 1 m.

Table H.19

(H.26.12.2.1 of edition 3) — Test levels for conducted disturbances on mains and I/O lines

Test frequency range: 150 kHz to 80 MHz

Voltage level (r.m.s.)
Test level U, U,
dBuVv
2 130 3
3 140 10

NOTE The test levels in the ISM- and CB-bands are chosen to be 6 dB higher. (ISM: Industrial, scientific and medical radio-
frequency equipment: 13,56 MHz + 0,007 MHz and 40,68 MHz + 0,02 MHz, CB: Citizen band: 27, 125 MHz + 1,5 MHz).
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H.26.12.2.2 Test procedure
This test shall be carried out in accordance with IEC 61000-4-6.

Test the CONTROL by sweeping through the complete test frequency range at least once with the SYSTEM in
each of its relevant operating modes. Where the frequency range is swept incrementally, the step size
shall not exceed 1 % of the preceding frequency value with linear interpolation between calibration points.
The dwell time of the amplitude modulated carrier at each frequency shall not be less than the time
necessary for the CONTROL to be exercised and be able to respond, but in no case be less than 0,5 s. The
ISM and CB bands shall be tested with those test frequencies that have been used by sweeping through
the complete test frequency range and cover the ISM and CB bands regarded.

NOTE The sefsitive frequencies or the frequencies of dominant interest can be analyzed separately.

H.26.12.3 |Immunity to radiated disturbances

The CONTROL shall tolerate high-frequency signals on the mains supply and relevant-signal termjnals.

Compliancg is checked by the tests of H.26.12.3.1 to H.26.12.3.2 inclusive.

H.26.12.3.1 Test level for radiated electromagnetic fields

Test levels for immunity to radiated electromagnetic fields shall bexapplied in accordance with Table H.20.

Increased test levels for radiated immunity shall be applied in;accordance with Table H.21.

Table H.20

(H26.12.3.1 of edition 3) — Test level foriimmunity to radiated electromagnetic fields

Test frequency ranges/Field strength
Vim

Tegt level 80 MHzt0960 MHz 1,4 GHz to 2,0 GHz 2,0 GHz to 2|7 GHz
2 3 3 1
3 10 3 1
Table H.21
Increased test level for radiated immunity (ISM, GSM, DECT bands)
Test frequency ranges/Field strength
Vim
Test level 433 MHz to 435 | 864 MHz to 915 | 935 MHzto 960 | 1710 MHzto1 | 1805 MHzto1 | 2446 MHz to 2
MHz MHz MHz 784 MHz 960 MHz 454 MHz

2 6 6 6 6 6 2
3 20 20 10 6 6 2

H.26.12.3.2 Test procedure
This test shall be carried out in accordance with IEC 61000-4-3.

Test the CONTROL by sweeping through the complete test frequency ranges in both the horizontal and the
vertical antenna orientation in each of its relevant operating modes. Where the frequency range is swept
incrementally, the step size shall not exceed 1 % of the preceding frequency value with linear interpolation
between calibration points. The dwell time at each frequency shall not be less than the time necessary for
the CONTROL to be exercised and to respond, but shall in no case be less than 0,5 s. The ISM, GSM and
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DECT bands shall be tested with those test frequencies that have been used when sweeping through the
complete test frequency ranges and cover completely the ISM, GSM and DECT bands regarded.

The test shall normally be performed with the generating antenna facing each side of the CONTROL. When
equipment can be used in different orientations (i.e. vertical or horizontal) all sides shall be exposed to the
field during the test. When technically justified, some CONTROLS can be tested by exposing fewer faces to
the generating antenna. In other cases, as determined for example, by the type and size of CONTROL or the
frequencies of test, more than four azimuths may need to be exposed.

NOTE The sensitive frequencies or the frequencies of dominant interest can be analyzed separately.

H.26.13 Test of influence of supply frequency variations

Micro-processor based CONTROLS declared as CLASS B CONTROL FUNCTION and/or GLASS |C CONTROL
FUNCTION Wwhich rely on the mains supply frequency for the correct OPERATION shall‘folerate frequency
variations ¢f the mains supply frequency, if declared by the manufacturer in the additional itemfs to Table 1
of Clause f.7.

H.26.13.1 | Purpose of the test
The purpose of this test is to verify the effect on the CONTROL from frequency deviation on the nfains.
H.26.13.2 | Test levels

The test vglues in Table H.22 shall be applied.

Table\H.22
(H.26.13.2 of edition 3) — Test level for supply frequency variations
Variations in supply frequency
Test level
% a
2 +1 and 2
3 +3, +4 and 5

@ Other valups may be specified in part.2.

H.26.13.3 | Test procedure

The test agparatus-and procedures shall be as described in IEC 61000-4-28.

The coNTRoLsshall be initially operated at its rated voltage and shall then be subjected to thT frequency
variations as‘detailed in H.26.13.2

H.26.14 Power frequency magnetic field immunity test

The coNTROLS which are susceptible to magnetic field such as CONTROLS which use Hall-effect devices
shall tolerate power-frequency magnetic fields.

Compliance is checked by the tests of H.26.14.2.

NOTE Examples of such CONTROLS include pressure sensors which use Hall-effect devices, CONTROLS incorporating reed relays
and CONTROLS utilizing bistable relays.
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H.26.14.1 Purpose of the test

The purpose of the test is to demonstrate the immunity of CONTROLS which may be affected by power-
frequency magnetic fields related to the specific location and installation conditions of the CONTROL (for
example, proximity of the equipment to the disturbance source).

The power-frequency magnetic field is generated by power-frequency currents in conductors or from other
devices (for example, leakage of transformers) in the proximity of equipment.

Only the influences of nearby conductors should be considered, where the current under normal operating

conditions, produces a steady (continuous) magnetic field, with a comparatively small magnitude.

H.26.14.2

The test lev

Test levels

els shall be applied in accordance with Table H.23.

Table H.23
(H.26.14.2 of edition 3) — Test level for continuousfields

Continuous field strength
Test level

A/m
3
10
H.26.14.3 | Test procedure
The CONTROL is supplied at rated voltage. Test_equipment, test set-up and test procedure ghall be in

accordancs
relevant pa

H.26.15 K

H.26.15.1

with IEC 61000-4-8. The CONTROQLYIs tested under the test conditions as speci
2.

valuation of compliance

After the tests of H:26.2 through H.26.14 and H.26.16, the sample(s) shall

fied in the

meet the

requirements of Clause 8, 17.5:and Clause 20.

H.26.15.2 |In addition, the*€oONTROL shall meet the following:
— the requirements©fH.17.14 or

— the outpuf(s)and functions shall be as declared in Table 1, requirements 58a and 58b.

Compliance with the second alternative of H.26.15.2 may make the CONTROL unacceptable for some
applications.

Parts 2 may contain restrictions on the allowable effects on controlled output(s) for particular types of
CONTROLS or CONTROL functions for test levels.

H.26.15.3 Different outputs and functions may be declared by the manufacturer after testing at test level
2, or test level 3, if relevant. Part 2 may specify particular criteria after each of these tests.

H.26.15.4 The compliance criteria shall be given in part 2 and shall be based on the operating output
conditions and the functional specifications of the CONTROL under test:
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a) normal performance with no loss of protective functions and CONTROL is within specification or declared

limits;
b) loss of p
c)loss of p

d) loss of p

rotective function within declared limits;
rotective function with SAFETY SHUT-DOWN;

rotective function with unsafe OPERATION.

H.27 Abnormal operation

H.271 E

H.27.1.1
componen

Compliand

Componer

NOTE Non-e

relevant requfrements of this standard, are not subjected to the tests of H.27.1.1.

During the|
FAILURE of

H.27.1.1.1
of the follo

—the elect

— the prote
parts of the

A low-pow
at rated vq
maximum
supply sou

The resistd
nearest to
the end of

ectronic controls — Assessment against internal faults

ELECTRONIC CONTROLS shall be assessed for the effects of FAILURE or malfunctid
s to ensure electrical safety.

e is checked by the tests of H.27.1.1.1 to H.27.1.1.6 inclusive and H:27:4.

ts which fail as a result of cumulative stress are replaced if necessary.

lectronic components such as switches, relays and transformers, whichare assessed according to Clau

tests of H.27.1.1, for a CONTROL providing ELECTRONIC DISCONNECTION (type 1.Y ¢
he device described in footnote n to Table 12 is permitted.

FAULT conditions specified in Table H.24are not applied to circuits or parts of circu
ving conditions are met:

onic circuit is a low-power circuit as-described below;

ction against electric shock,Aire HAZARD, mechanical HAZARD or dangerous malfunc
CONTROL does not rely enthe correct functioning of the electronic circuit.

br circuit is determined as follows and further explained in Figure H.5. The CONTROL
ltage or at the upper limit of the rated voltage range and a variable resistor, adj
resistance, is connected between the point to be investigated and the opposite
ce.

nce is\then decreased until the power consumed by the resistor reaches a maximun
fhe.supply and at which the maximum power delivered to this resistor does not exce
5.8 IS called a low-power point. The part of the circuit farther from the supply source

n of circuit

be 24 or to the

r 2.Y), any

ts where all

ion in other

is operated
usted to its
pole of the

. Any point
bed 15 W at
than a low-

power poi

tisconsidered to be a low-power CircUit.

The measurements are made from only one pole of the supply source, preferably the one that gives the
fewest low-power points.

NOTE When determining the low-power points, start with points close to the supply source. The power consumed by the variable
resistor is measured by a convenient method, for example, by a wattmeter.

If an electronic circuit operates to ensure compliance with Clause H.27, the relevant test is repeated with a
single FAULT simulated, as indicated in H.27.1.1.5.


https://ulnorm.com/api/?name=UL 60730-1 2021.pdf

290

UL 60730-1

OCTOBER 18, 2021

©

Z1 Zo Z3 Z4

O

Source
supply

D is a point fa

Aand B are p
are low-power

Points A and H
The FAULT co|

H.27.1.1.2

a) Atthe m

b) Loaded With the type of load, within-the declared or measured parameters, producing the md

effect.

c) In an am
item b) of |
range.

d) Connect
OPERATION

O

su0085a

thest from the supply source where the maximum power delivered to external load exceeds 15 W.

Dints closest to the supply source where the maximum power delivered to externaload does not exceed
points.

are separately short-circuited to C.
hditions specified in H.27.1.1.5 are applied individually to Z,, Z,, Z5, Zs and, Z;, where applicable.

Figure H.5

Example of an electronic circuit with'low power points

The CONTROL shall be operated underithe following conditions.

pst unfavourable voltage in the range 0,9 to 1,1 times the rated supply voltage.
bient temperature-0f*(20 + 5) °C, unless there are significant reasons (as for exan
1.27.1.1.3) for conducting the test at another temperature within the manufacturer

bd to a power supply having a fuse rating such that the result of the test is not influer
Df the-fuse.

15 W. These

st onerous

nple during
s declared

ced by the

e) With any

<

MpER ont 0 tha ostuyun
=2 tHt

4=, m
viCviDI v oCTTO T TCTTT1O0T

f) The power supply to the CONTROL shall have the capability of supplying a short-circuit current of at least

500 A.

H.27.1.1.2DV D2 Replace item (d) and add new item (f) as follows:

d) Connected to an electrical supply having a fuse rated in such a manner that the result of
the test is not influenced by the OPERATION of the fuse.

f) The output power of the electrical supply to the control under test shall be regulated to
5000 volt-amperes with a 2% tolerance.
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H.27.1.1.3 With each FAULT described in Table H.24, simulated or applied to one circuit component at a
time, the CONTROL shall comply with

— the following items a) to g) inclusive. For components complying with Clause 14 of IEC 60065:2001,
Amendment 1: 2005, Amendment 2:2010, the CONTROLS need only comply with items a), c), d), f) and g).

NOTE 1 In Canada and the USA, if a component has received qualification approval under the IECQ programme, with appropriate
conditioning periods and stress factors, the FAULTS of Table H.25 need not be applied.

— any additional compliance criteria, as specified in the applicable subclauses of part 2; and

—the requi

a)l
IN-L
follg

The
ope
tiss
ten

NOT
Intg
CON
furt

b) ]
1,5
Thd
the
Cla
c) A
d) T

e) ]

compliance with the_requirements of Clause 20.

f) A
sha
use

rements of Qpp{"ifipd software class_if declared

'he CONTROLS shall not emit flames, hot metal or hot plastics, and no explosion‘sha
NE CORD CONTROLS and INDEPENDENTLY MOUNTED CONTROLS, compliance iscdeterm
wing test.

enclosure with the CONTROL therein is wrapped in tissue wrapping-paper. The
rated to steady state or for 1 h, whichever occurs first. There shall be no burning of t
e paper. Inside the enclosure, some parts may temporarily glow, and there
porary emission of smoke or flame.

E 2 In Canada and the USA, cheesecloth is used instead of tissue wrapping paper.

grated and INCORPORATED CONTROLS shall either comply with the test specified for |
TROLS and INDEPENDENTLY MOUNTED CONTROLS <Or ‘be classified as requiring, fqg
ner shielding, in the appliance or equipment.

he temperature for SUPPLEMENTARY INSULATION and REINFORCED INSULATION shall
times the relevant values specified in Clause 14, except in the case of thermoplastic

re is no specific temperature limit for(SUPPLEMENTARY INSULATION and REINFORCED IN
moplastic material, the temperature 'of which shall, however, be recorded for the
use 21.

ny change in the controlled.eutputs shall be as declared in Table 1, requirement 57.
he coNTROL shall comply with the requirements of Clause 8 and 13.2 for BASIC INSUL|
'here shall be no_deterioration of the various parts of the CONTROL that would re
fuse in the“supply, external to the CONTROL under test and as described in item d) o

Il not blow unless an internal protective device also operates that is accessible or
of a TOOL.

An

| result. For
ined by the

CONTROL is
he wrapped
may be a

N-LINE CORD
r example,

not exceed
material.

SULATION of
purpose of

IATION.

sult in non-

fH.27.1.1.2
ly after the

intarnal nratactiva davicea e danmad nat 10 ha raciiiend f tha oo
Ot Ctve—aevice—S tO—pe—Tequire =

s with the

a m
e arT AZA~A~IRE A" A~ 4 o Tt

following requirements after replacement of the fuse of the supply:

—items a), b) and d) of H.27.1.1.3;

— the requirements of Clause 20 for the CLEARANCES and CREEPAGE DISTANCE

S from LIVE

PARTS to the surfaces of the CONTROL that are accessible when the CONTROL is mounted as

for its intended use.

g) The output waveform shall be as declared in Table 1, requirement 56.

H.27.1.1.3DV D2 Add the following text to H.27.1.1.3:

If an intentionally weak part becomes permanently open-circuited due to a component
fault, the relevant test is repeated twice (three tests total) using new components as
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necessary. The subsequent tests shall be terminated in the same mode unless the tests are

otherwise satisfactorily completed.

NOTE 1 An intentionally weak part is a part intended to rupture under conditions of abnormal operation to prevent
the occurrence of a condition which could impair compliance with this standard. Such a part may be a replaceable

component, such as a resistor or a capacitor.

H.27.1.1.4 Guidelines for the tests of H.27.1.1.3

To avoid unnecessary testing, every endeavour should be made to assess all the conditions likely to result

in non-compliance with the requirements of H.27.1.1.4. Such an assessment shall involve an appraisal of
the circuit diagram and simulation of the relevant FAULT conditions so as to test whether these| conditions
occur. For ¢ONTROLS using software, the FAULT analysis of H.27.1.1.4 shall be related to the’ Soffware FAULT
analysis of [Table 1, requirement 68.
All conditiops which result from the introduction of an electronic circuit FAULT as spécified in H.27.1.1.5 are
considered|to be one FAULT.
Printed circuit conductors which show signs of deterioration during the tests are considered liable to fail.
H.27.1.1.5 | Electronic circuit fault conditions
For the purpose of Clause H.27, the applicable FAILURE modes-are’given in Table H.24.
Table H.24
(H.27.1 of edition 3) — Electrical/electronic component fault modes table

Component|type Short? Open® Remarks

Fixed resistprs

Thin-film © X Includeg SMD type

Thick-film © X Includeg SMD type

Wire-wound f (single layer) enamelled or suitably coated X

All other typdgs X X

Variable resjstors

(for example| potentiometer/trimmer)

Wire-wound [single layer) X

All other typds x4 X

Capacitors

X1 and Y types.according to IEC 60384-14 X

Metallized film according to IEC 60384-16 and IEC X

60384-17

All other types X X

Inductors

Wire-wound X

All other types X X

Diodes

All types X X

Semiconductor type devices like transistors

All types (for example, bipolar; LF; RF; microwave; FET; x4 X

thyristor; Diac; Triac; Uni junction) e

Table H.24 Continued on Next Page
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