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Preface (UL)

This UL Standard is based on IEC Publication 60691: edition number 4.1, Thermal-links — Requirements
and application guide. IEC Publication 60691 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.

These materials are subject to copyright claims of IEC and UL. No part of this publication may be
reproduced in any form, including an electronic retrieval system, without the prior written permission of UL.
All requestg pertaining to the Thermal-links — Requirements and application guide, UL 60691 Standard
should be syibmitted to UL.

Note + Although the intended primary application of this Standard is stated in its Scope, it is important to note that it remains
the repponsibility of the users of the Standard to judge its suitability for their particular purpose,
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NATIONAL

GENERAL

DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60691,
Thermal-links — Requirements and application guide copyright 2015 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 - These

D1 - Thess¢
elimination ¢

D2 - Theseg
requirement
requirement

DC - These
particular cg

DE - These

Each nation
following wd
text:

Add
figur

are National Differences based on the national regulatory requirements.

are National Differences which are based on basic safety principles‘and re
f which would compromise safety for consumers and users of products.

are National Differences from IEC requirements based on existing’ safety prac

) is not available or the text has not been included in the IEC-standard.

are National Differences based on the component standards and will not be d
mponent standard is harmonized with the IEC component standard.

are National Differences based on editorial comments or corrections.

al difference contains a description of what.the national difference entails. Typica

b, or annex. Addition is not.meant to include adding select words to the base IEC t

Modjfication / Modify - A. madification is an altering of the existing base IEC text

addif
subd]

Deletion / Delete'= A deletion entails complete deletion of an entire numbered clause

table

ion, replacement ofr:deletion of certain words or the replacement of an e
ause, table, figureor annex of the base IEC text.

, figure, or:annex without any replacement text.

s reflect national safety practices, where empirical substantiation (for the IEQ

rds is used to explain how the text of.the national difference is to be applied to

tion / Add - An addition entailsvadding a complete new numbered clause, subg

guirements,

tices. These
or national

Bleted until a

ly one of the
he base IEC

lause, table,
ext.

such as the
htire clause,

b, subclause,
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FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

THERMAL-LINKS — REQUIREMENTS AND APPLICATION GUIDE

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

liaising with IE
(ISO) in accord

2) The formal
opinion on the

3) IEC Publica
sense. While a
responsible for

4) In order to
maximum  extg
corresponding

5) IEC itself do|
and, in some

certification bodlies.

6) All users shq

7) No liability
technical comi
whatsoever, wi
reliance upon,

8) Attention is
correct applica

9) Attention is
not be held res|

Internationa

9

ance with conditions determined by agreement between the two organizations.

Standardization

Hecisions or agreements of IEC on technical matters express, as nearly as possible, an internationgl consensus of

elevant subjects since each technical committee has representation from all interested JEC\National g

ions have the form of recommendations for international use and are acceptedy~lEC National Col
| reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEQ
the way in which they are used or for any misinterpretation by any end user,

romote international uniformity, IEC National Committees undertake to-apply IEC Publications tran
nt possible in their national and regional publications. Any divergence between any IEC Publ
hational or regional publication shall be clearly indicated in the latter.

Bs not provide any attestation of conformity. Independent{certification bodies provide conformity assej
areas, access to IEC marks of conformity. IEC is not responsible for any services carried out

uld ensure that they have the latest edition of this publication.

hall attach to IEC or its directors, employees, servants or agents including individual experts and
hittees and IEC National Committees. for any personal injury, property damage or other damagg
hether direct or indirect, or for casts (including legal fees) and expenses arising out of the publicg
his IEC Publication or any othér IEC Publications.

rawn to the Normative.references cited in this publication. Use of the referenced publications is indis
ion of this publication:

rawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
bonsible foridentifying any or all such patent rights.

Standard IEC 60691 has been prepared by subcommittee 32C: Miniature f

technical co|

ommittees.
nmittees in that

cannot be held

sparently to the
cation and the

bsment services

by independent

members of its
of any nature
tion, use of, or

pensable for the

rights. IEC shall

ises, of IEC

mmittee 32: Fuses.

This fourth edition constitutes a technical revision.

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

a) requirements for thermal-link packaged assembilies;

b) renew the requirements and definitions for T,-test;

c)ch

ange starting temperature for interrupt current test;

d) clarify requirements for marking (packing label);

e) mi

nimum Proof Tracking Index 175 instead 120.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The basis for this standard is the harmonization of the USA national standard, UL 1020, fifth edition
(withdrawn 2003), and IEC 60691: 1993, together with its Amendment 1: 1995 and Amendment 2: 2000.

The following differing practices of a less permanent nature exist in the country indicated below:

— Annex C is required to be declared in the USA,;

— Annex E is required in the USA, if applicable;

— Annjex F is required to be declared in the USA.
In this standard, the following type is used:
— compliance statements: in italic type.

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

* recgnfirmed,
» withdrawn,
* replaced by a revised edition, or

* amgnded.
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INTRODUCTION

THERMAL-LINKS, defined as non-resettable devices functioning once only without refunctioning, are widely
applied for the thermal protection of equipment in which, under fault (abnormal) conditions, one or more
parts may reach hazardous temperatures.

As these devices have several aspects in common with miniature fuse-links and are used for obtaining a
comparable degree of protection, this standard has endeavored to lay down a number of basic
requirements for such devices.
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THERMAL-LINKS - REQUIREMENTS AND APPLICATION GUIDE

1 Scope

This International Standard is applicable to THERMAL-LINKS intended for incorporation in electrical
appliances, electronic equipment and component parts thereof, normally intended for use indoors, in order
to protect them against excessive temperatures under abnormal conditions.

NOTE 1 The equipment is not designed to generate heat.

NOTE 2 The 4
mounting of the

This standa
that the clin
comparable

This standa

ffectiveness of the protection against excessive temperatures logically depends upon the position
THERMAL-LINK, as well as upon the current which it is carrying.

(d may be applicable to THERMAL-LINKS for use under conditions other than indo
natic and other circumstances in the immediate surroundings of;such THERM
with those in this standard.

rd may be applicable to THERMAL-LINKS in their simplest forms (e.g. melting stri

and method of

brs, provided
AL-LINKS are

pS or wires),

provided that molten materials expelled during function cannot adversely interfere with the sdfe use of the
equipment, gspecially in the case of hand-held or PORTABLE EQUIPMENT, irrespective of its position.
Annex H of [this standard is applicable to THERMAL-LINK packaged assemblies where the THERMAL-LINK(S)
has alreadyl been approved to this standard but packaged in a metallic or non-metallic housing and
provided with terminals/wiring leads.
This standafd is applicable to THERMAL-LINKS with-a\RATED VOLTAGE nhot exceeding 690 V a.c. pr d.c. and a
RATED CURRENT not exceeding 63 A.
The objectiVes of this standard are:

a) to|establish uniform requirements for THERMAL-LINKS,

b) to|define methods of-iest,

c) to|provide useful information for the application of THERMAL-LINKS in equipment.
This standafd is nat applicable to THERMAL-LINKS used under extreme conditions such as|corrosive or
explosive atmospheres.
This standard is not applicable 10 THERMAL-LINKS T0 be USed in Circuits on a.c. with a frequency lower than
45 Hz or higher than 62 Hz.

1DV DR Modification of the fifth paragraph to add the following:

The

2 Normati

maximum current is unlimited.

ve 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 60065:2014,
Audio, video and similar electronic apparatus — Safety requirements

IEC 60112:2003/AMD1:2009,
Method for the determination of the proof and the comparative tracking indices of solid insulating materials

IEC 60127-2

2014,

Miniature fuses — Part 2: Cartridge fuse-links

IEC 60216-5

:2008,

Electrical insulating materials — Thermal endurance properties — Part 5: Determination of relative thermal

endurance in

IEC 60664-1
Insulation cd
tests

IEC 60695-2
Fire hazard
(GWFI) test

IEC 60695-2
Fire hazard
(GWFI) test

IEC 60695-1
Fire hazard

IEC 60695-1
Fire hazard

IEC 60730-1
Automatic el

IEC 61210:2
Connecting

requirements

2DV

[dex (RTE)of armrinsutating materiat

12007,
ordination for equipment within low-voltage systems — Part 1: Principles, requit

+12:2010/AMD1:2014,
testing — Part 2-12: Glowing/hot-wire based test methods.— Glow-wire flamm
method for materials

-13:2010/AMD1:2014,
festing — Part 2-13: Glowing/hot-wire based test_methods — Glow-wire ignition
method for materials

0-2:2014,
esting — Part 10-2: Abnormal heat — Ball pressure test method

1-10:2013,
esting — Part 11-10: Test flames — 50 W horizontal and vertical flame test methods

12013,
pctrical controls — Part, 1: General requirements

D10,
devices —=%Flat quick-connect terminations for electrical copper conductol

DC Modification to add the following:

ements and

bbility index

femperature

s — Safety

UL 94
Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 746A
Polymeric Materials — Short Term Property Evaluations

UL 746B

Polymeric Materials — Long Term Property Evaluations

UL 746C

Polymeric Materials — Use in Electrical Equipment Evaluations

UL 746D
Polymeric Materials — Fabricated Parts
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3 Terms and definitions

For the purp

3.1

oses of this document, the following terms and definitions apply.

CLEARANCE: The shortest distance in air between two conductive parts.

3.2 CREEPAGE DISTANCE: The shortest distance along the surface of insulating material between two
conductive parts.

3.3 HOLDING TEMPERATURE, Ti: The maximum temperature of the THERMAL-LINK at which it will not change
its state of conductivity during a specified time at the rated current.

Note 1 to entry

3.4 HOMO(
overall cong
given test, t
as represen

The minimum permissible value of T}, is 35°C.

ENEOUS SERIES: A series of THERMAL-LINKS having the same external dimensions
truction, deviating from each other only in such characteristics (including rating
he testing of one or a reduced number of particular THERMAL-LINKS ‘©fithat series s
lative for all the THERMAL-LINKS of the series.

and common
s) that, for a
hall be taken

3.5 INTERRUPTING CURRENT, /,: The value of the current that the THERMAL-LINK is capable of interrupting at
RATED VOLTAGE and under specified circuit conditions.

3.6 MAXIMUM TEMPERATURE LIMIT, T,,: The temperature of the. THERMAL-LINK stated by the manufacturer, up
to which thie mechanical and electrical properties of the\THERMAL-LINK, having changed| its state of
conductivity| will not be impaired for a given time.

3.7 PILOT DUTY: Rating assigned to a switching device that controls the coil of another electrg-mechanical
device such|as a solenoid, relay or contactor.

3.8 PORTABLE EQUIPMENT. Equipment which is moved while in operation or which can easily be moved
from one plgce to another while connected to the supply.

3.9 RATED CURRENT, /: The current'used to classify a THERMAL-LINK.

3.10 RATEP FUNCTIONING\TEMPERATURE, T; The temperature of the THERMAL-LINK which |causes it to
change its sfate of conductivity with a detection current up to 10 mA as the only load.

3.11 RATED VOLTAGE; V,: The voltage used to classify a THERMAL-LINK.

3.12 THERMALELEMENT A metallic or non-metallic fusible material that is part of a THERMAI-LINK and is

responsive to temperature by a change of state such as from solid to liquid at the temperature for which it
is calibrated.

3.13 THERMAL-LINK: A non-resettable device incorporating a THERMAL ELEMENT which will open a circuit
once only when exposed for a sufficient length of time to a temperature in excess of that for which it has
been designed.

3.14 TRANSIENT OVERLOAD CURRENT, /;: A direct current pulse train which the THERMAL-LINK is able to
withstand without impairing its characteristics.

3.15 TYPE TEST. Conformity testing on the basis of one or more specimens of a product representative of
the production.
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3.16 EXTENDED HOLDING TEMPERATURE, T} _190: The maximum temperature at which a THERMAL-LINK can
be maintained while conducting the rated load current at the RATED VOLTAGE for a period of 100 weeks
which will not cause the THERMAL-LINK to open circuit in accordance with EXTENDED HOLDING TEMPERATURE

evaluation.

Note 1 to entry: This is a rating for user consideration during the investigation of the end-product.

Note 2 to entry: Annex D specifies the EXTENDED HOLDING TEMPERATURE evaluation.

3.17 CONDUCTIVE HEAT AGEING TEST (CHAT): A test to evaluate a THERMAL-LINK for use in an appliance.

Note 1 to entry:
consideration d

Note 2 to entry:
4 General

4.1 Adequ
properties of
equipment.
in Annex A s

4.2 THERMA
as to withstag|
used within t

4.3 When
material exp
In addition, t

ring the investigation of the end-use product.

Annex C specifies the CONDUCTIVE HEAT AGEING TEST.
requirements

hte protection of the equipment against excessive temperatures not only depen
the THERMAL-LINK but also to a large extent upon the mounting of the THERMA
[herefore, in addition to good engineering practice, the requirements of the appli
hall be considered.

L-LINKS shall have adequate electrical and mechanical strength and shall be co
nd all conditions of handling likely to be encotntered during mounting and normg
he requirements of this standard.

A THERMAL-LINK changes its state of-conductivity, no arc or flame shall be mai
blled that might impair the surrounding area or otherwise create a risk of electric g
here shall be no emission of substances (e.g. gases, liquids, dust, mist, vapour)

cause a hazard.

For THERMAL
short-circuiti
impairing thg

After it has
exceeding T

-LINKS using melting strips or wires, care should be taken to prevent molten nj
g or bridging CREEPAGE DISTANCES and CLEARANCES in air, so as to reduce
insulation systern of the equipment.

functioned,“the THERMAL-LINK shall not be damaged when subjected to temp
L, in sueha way that the safety of the equipment with regard to risk of electric s

and electrical breakdown is impaired. The THERMAL-LINK shall not reclose after it has operated.

d-product user

ds upon the
L-LINK in the
cation guide

hstructed so
| use, when

ntained, nor
hock or fire.
which could

aterial from
the risk of

bratures not
hock hazard

4.4 Forreq
5 General
5.1

5.11

rements for THERMAL L INK pnr\llagnrl assemblies—see Annex H
5 -

notes on tests

The test conditions are as follows.

Unless otherwise specified, only tests that are not required to be performed inside an

environmental chamber and/or test oven shall be carried out under the following atmospheric conditions:

—temperature: 15°C to 35°C,

— relative humidity: 25% to 75%,

— air pressure: 8,6 x 10* Pato 1,06 x 10° Pa.
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The required atmospheric conditions during testing can be controlled when carrying out the tests and
during the duration of the tests. The required atmospheric conditions do not have to be maintained in a test
laboratory when tests are not performed.

5.1.2 Where the conditions given in 5.1.1 have a significant influence, they shall be kept substantially
constant during the tests.

5.1.3

case of doubt, at a temperature of (23 +1)°C.

If the temperature limits given in 5.1.1 are too wide for certain tests, these shall be repeated, in

In every test report, the ambient temperature shall be stated. If the standard conditions for relative

5.2
humidity or
5.3 Ifthen

Tessure are not fulfittedduring the tests, anote to thiseffect shattbe added to the

esult of a test is influenced, to an appreciable extent, by the position and method

of the specimen, the most unfavorable condition shall be chosen for the relevant tests and rec

54 IfaTH
be tested s
of it, or simil

5.5 When

ERMAL-LINK has been specifically designed for use in a special type)of equipmen
parately, the tests of this standard shall be performed in that equipment or in the
ar.

testing a HOMOGENEOUS SERIES of THERMAL-LINKS, althe tests shall be applied

LINKS with the lowest and highest T;. THERMAL-LINKS with intermiediate RATED FUNCTIONING TH

need only bg
5.6 The nd

5.6.1 The
spares in cg
11 groups 3
shall be per
the test on n

For optional

56.2 If,in
the cause o
and the cor
revised spe

b subjected to tests according to 10.3, 11.3, 11.4 and 11.5.
mber of specimens is as follows.

total number of specimens required i§*48. Out of a total of 48 specimens, 15
se some of the tests have to be repeated. Out of a total of 48 specimens, 33 arg
ssigned an alphabetical letters from A to K. Each group consists of three spec
ormed in the order indicated.in Table 1 but, if so required, tests may be repeated
harking (see Clause 7). Additional samples may be needed according to Note 2 of

tests, additional samples will be required as per the applicable annexes.

f the failure.will‘be identified and corrective action taken. Based on the failure ar
Fective acdtion, as a minimum, the test sequence shall be repeated on twice th
timens,‘and no further failures are allowed.

report.

of mounting
brded.

t and cannot
relevant part

to THERMAL-
MPERATURES

are kept as
divided into
mens. Tests
for example
Table 1.

any of the tests carried out in accordance with any relevant test clause, a failurg is reported,

alysis report
e number of

If no correc

live actions are necessary, the test should be repeated with double the same

size and no

further deviation is allowed.

5.6.3 Forr

equirements for THERMAL-LINK packaged assemblies, see Annex H.

5.7 The CONDUCTIVE HEAT AGEING TEST of Annex C is applicable when declared by the manufacturer.

The CONDUCTIVE HEAT AGEING TEST may be omitted if the THERMAL-LINK is constructed without contacts.

NOTE Inthe

USA, the CONDUCTIVE HEAT AGEING TEST is required to be declared.
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Table 1
Test schedule
Clause or Test Specimen groups
subclause A|B|C|D|E|F|G|H]|]I]|J[K
7@ Marking (rub test) X | X
72 Marking (visual inspection only) X | X
9 Constructional requirements
9.2.28 Tensile forces X
9.2.3° Thrust force X
9.2.42 Bending/twist force X
9.6% Resistance to tracking X
9.72 CREEPAGE DISTANCES and CLEARANCES X X
9.8 Temperature and humidity cycle conditioning XXX X | X
10 Electrical requirements
101 Dielectric strength (if applicable) X | X | X X1 X
10.2 Insulation resistance (if applicable) XXX X | X
10.1 Dielectric strength X1 X X X[ X|I| X]|X]| X
10.2 Insulation resistance X X XXX X|| X|X]|X
10.3 INTERRUPTING CURRENT XX
10.4 TRANSIENT OVERLOAD CURRENT X | X X
11 Temperature tests
11.2 Check on T}, X
1.3 Check on T; X X
114 Check on T, followed by dielectric test and insulation X1 X
resistance
11.5 Ageing X X X X | X
step 1 (optional) 21 days
step 2 (mandatory) 21 days
step 3 (mandatory) 14 days
step 4 (mandatony) 7 days
step 5 (mandatory) 7 days
step/6)(mandatory) 24 hours
12 Resistance to rusting
128 Resistance to rusting (ferrous parts) | X | X | X | | | | | | | |
If the conditionls of-voltage, power and current in 10.3.2.4, 10.3.2.5, 10.3.2.6 and 10.3.2.7 are not covered by one tes}, a minimum

of three samples should be tested for each condition.
@ For HOMOGENEOUS SERIES, tests may be omitted for intermediate ratings.

6 Classification
6.1 Electrical conditions
With regard to electrical conditions, the following terms are used:

a) voltage

1)A.C.
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2)D.C.

b) current
1) resistive
2) Inductive

¢) motor

d) PILOT DUTY

e) eléctric discharge Tamp
f) special

6.2 Thermal conditions

With regard [to thermal conditions, the following symbols and abbreviations, are-used:
a) Ty
b) Ty
c) Ty
d) CHAT
e) Tri100

6.3 Resisfance to tracking

With regard [to resistance to trackingthe following ranges are used:

a) prpof tracking index frem 175 to 249;

b) prpof tracking index greater than or equal to 250.

NOTE — These|ranges are.based on test methods for surface tracking laid down in IEC 60112.

7 Marking

7.1 Each THERMAL-LINK shall be marked with the following:
a) type or catalogue reference;
b) manufacturer's name or trade mark;

C) RATED FUNCTIONING TEMPERATURE, T;, with or without the symbol T; followed by the number of
degrees Celsius (marked with °C or C);

d) date code which identifies the date of manufacture and which does not repeat for at least 10
years, and a factory location or code, stamped on the THERMAL-LINK or the smallest packaging.

If there is only one factory, the factory location may be omitted.
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Catalogue or reference numbers should define those parameters such as temperature, current and
voltage, which together classify a THERMAL-LINK.

7.2 The RATED FUNCTIONING TEMPERATURE, T;, may be omitted if a different type or catalogue reference is
employed for each different functioning temperature.

7.3 Marking shall be indelible and legible.

Compliance with the requirements for indelibility of markings is checked by the test in Annex G using the
apparatus shown in Fiqure G.1. Legibility is checked by inspection. After the ageing tests of 11.4,
compliance is checked by inspection.

74 The mJarking in accordance with a), b), ¢) and d) in 7.1 shall be printed additionallyron

together with

7.5 IftheTs
b)tod)in 7.1

Compliance
8 Docume

The manufa
following infg

a) cla

b) for|

C) sui

d) inf

a reference to this standard.

HERMAL-LINK is small in size, and not intended to be replaced, the markings in accq
shall be printed on the packaging, together with a reference to this.standard.

s checked by inspection.
htation

Cturer shall provide in the technical documentation, catalogues or instructional
rmation in addition to that required in Clause 7

ssification in accordance with Clause 6;
each of the classifications;
1) characteristic temperatutes T;, Ty, Tp;
2) characteristic currents;f, I, /,;

3) RATED VOLTAGE\;

tability for sealing in, or use with impregnating fluids or cleaning solvents;

brmation-for mounting the THERMAL-LINK in the equipment;

e)TH

ERMAL-LINKS small in size and not intended to be replaced;

he packing,

rdance with

leaflets the

For reasens of safety, it should be made clear in the documentation that a THERMAL-L]

NK is a non-

repairable item and that, in case of replacement, an equivalent THERMAL-LINK from the same
manufacturer and having the same catalogue reference should be used, mounted in exactly the
same way.

f) the position of the metal screen, if it is located at a distance other than 12,7 mm away from the
live parts in the case of a THERMAL-LINK having an exposed element.
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9 Constructional requirements

9.1 General

9.1.1 THERMAL-LINKS shall have adequate mechanical strength and stability so as to withstand the
stresses likely to be encountered during handling, normal use and fault conditions of the relevant end-use
equipment.

9.1.2 Tab terminals shall be constructed in accordance with IEC 61210 and the maximum permissible
temperature of the used Tab materials shall be in accordance with Table A.1 of IEC 61210 (Tabs/

Integrated).

9.1.3 Curr
through no
dimensional
the correspq

Current-cart
CURRENT an

For current-

9.1.4  Friction shall not be used to secure uninsulated live: parts (including terminals) t

surfaces if
CREEPAGE D

of contact a

9.1.5 Leag
does not in
appliances

Leads may

a) th
THER

b) fo
the R

9.1.6 THER

ent-carrying parts shall be constructed in such a way that contact pressure is.ng
n-metallic material other than ceramic, or any material considered as\ havi
stability over the range of temperatures to be expected, unless there is\sufficient
nding metal parts to compensate for any shrinkage or distortion of the:non-metall

ying parts shall have the necessary mechanical strength, be capable of carryir
] shall be of a material that is acceptable for the particular application.

Carrying parts, temperature limits shall be considered according to Table 13 of IEQ

here is a risk of such parts turning or shifting‘their position, resulting in the
STANCES and CLEARANCES to less than those-required elsewhere in this standard.

semblies shall be such that alignment of .contacts is maintained.

s and terminal parts shall be securedso that stress on them during installation an
pair operation of the THERMAL-LINK." THERMAL-LINKS using seals with formed lea
r components shall not be bentless than 3 mm from the THERMAL-LINK seal.

be bent less than 3 mm ftom the seal if:

e THERMAL-LINK manufacturer's bending fixture and procedure does not transmit
MAL-LINK operating mechanism, and if:

rmed test samples shall be subjected to the bending/twist lead secureness test
ATED FUNGTTONING TEMPERATURE test of 11.3.

MAL-LINKS with leads smaller than 0,21 mm? shall be provided with application ins

instruct the

t transmitted
ng sufficient
resilience in
Cc material.

g the RATED

60730-1.

b supporting
reduction of
The security

d normal use
Is for use in

stress to the

of 9.2.4 and

ructions that

iIser how to mount the device in equipment, taking into consideration the device's

temperature

response. The instructions shall also include guidance on the effects that movement and vibration in the
equipment may have on the THERMAL-LINK'S terminals, connections and other mounting components.

9.1.7 A terminal for a soldered connection shall have provision, such as a hole, for holding the conductor
independently of solder.

9.1.8 When applicable, provision shall be made for securely mounting a THERMAL-LINK in position.

9.1.9 THERMAL-LINKS intended to be embedded in windings and the like need not have provision for

mounting.

9.1.10 Bolts, screws, or other parts used for mounting an assembly having a THERMAL-LINK shall be
independent of those used for securing component parts of the assembly.
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9.1.11  Compliance is checked by the lead secureness tests of 9.2. Mounting and securement
instructions shall be provided with THERMAL-LINKS for the manufacturer of the end-product in accordance
with Annex A.

9.2 Lead secureness tests
9.21 General
If force applied to THERMAL-LINK wire leads causes breakdown of one or more parts leading directly or

indirectly to stress being applied to the operating mechanism, the tests described in 9.2.2, 9.2.3 and 9.2.4
shall be conducted. There shall be no displacement of parts that would tend to reclose a THERMAL-LINK or

reduce CREE
be no displa

9.2.2 Tens

The THERMA
force as spe

9.2.3 Thru

The THERMAI
force as spsd

9.2.4 Bend

The THERMA
90° at a loc

Figure 1.

PAGE DISTANCES O CLEARANCES as a resuttof thetestsspecifiedim 922 and 9:2-3
ement of parts other than the wire leads as a result of the test specified in 9.2:4-

le test

L-LINK shall be supported in any convenient manner in order not to)damage it g
Lified in Table 2 shall be applied to each lead for 1 min.

5t test

-LINK shall be supported using any convenient means.such that it is not damaged

ing/twist test

-LINK shall be rigidly supported suchithat it is not damaged. Each lead shall be |
tion 10 mm from the body of the) THERMAL-LINK and then twisted through 180°

There shall

nd a tensile

and a thrust

cified in Table 2 shall be applied to each lead:\for 1 min at a distance of 2 mim from the
THERMAL-LINK.

ent through
As shown in
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Figure 1
Bending/twist test
70
Thermal-Link &
Rigidly Supported
\\\\\\\\\\\:::::i>:::::::::ﬁ?;§§/ 90°
STEP 1: BEND RSN
/)
1800 //
//
)/
///

/
/ /
/
STEP 2: TWIST ?ﬁ/

su0247
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Table 2
Strength of leads and terminal parts —

Minimum required tensile and thrust test forces

Nominal cross-sectional area of the lead, A Tensile force Thrust force
mm? N N

Up to and including 0,05 1 0,25

Over 0,05 up to and including 1,2 20x A 5xA

Over 1,2 40 8

NOTE — A is the nominal cross-sectional area of the terminal in mm?.
9.3 Contagts used for the current path
Contacts usTd for the current path in a THERMAL-LINK shall withstand the voltage stress 'determined by the
voltage sourjce in the circuit. Current-carrying elements or contacts, together with their tefminals, are
usually isolated from metal parts such as mounting brackets, metal enclosures and the like, by insulating
material.

9.4 Accessible mounting brackets or metal parts

If mounting brackets or metal parts of the THERMAL-LINK'S enclosure are accessible or conneq

low impedarn
insulation bd

shall be adequate under specified conditions of ambient temperature and humidity.

9.5 Insulaf]

For requirem

9.6 Resistance to tracking

9.6.1 If ing
exposed dur|

9.6.2 For
accordance
Tracking Ind

9.6.1

ces to metal enclosures of the equipment accessible to the user from the
tween the current-carrying elements of the THERMAL-LINK and such conductive
ing materials

ents for THERMAL-LINK packaged@ssemblies, see Annex H.

ulating material used. for the support of current-carrying parts, contacts and
ng normal use to(deposition of moisture or dust, it shall be resistant to tracking.

material other than ceramic, compliance is checked by performing a trac
ith IEC-60712 on specimens or flat test pieces of equivalent insulating materig
px (PIl).values shall be declared by the manufacturer, but not less than 175 V.

ted through
putside, the
enclosures

terminals is

king test in
. The Proof

DV'D2 Madification to add the following:
4

If it is necessary to investigate an insulating material, the following standards shall be
used: UL 746A, UL 746B, UL 746C, UL 746D, and UL 94.

9.7 CREEPAGE DISTANCES and CLEARANCES

9.71

The CREEPAGE DISTANCES and CLEARANCES between current-carrying parts (contacts together with

their terminals) and the outside of the THERMAL-LINK housing including insulated metal parts thereof, shall
be not less than the values in Table 3. The values indicated are absolute minimum values and inclusive of
manufacturing tolerances.
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Attention is drawn to the fact that the external CREEPAGE DISTANCES and CLEARANCES specified in Table 3 is
allowed, in some cases, be smaller than those required by certain appliance or equipment standards. In
such cases, additional means should be provided when a THERMAL-LINK is mounted in the equipment in
order to adjust the CREEPAGE DISTANCES and CLEARANCES to the values required by the relevant equipment
standard.

9.7.2 These distances do not apply between the open contacts of a THERMAL-LINK.

Compliance is checked by measuring the distances concerned.

Table 3
CREEPAGE DISTANCES and CLEARANCES
(absolute minimum values)

RATED VOLTAGE, V, CLEARANCE CREEPAGE DISTANCES

\") mm mm

0to 32 0,2 0,53
331050 0,2 1,2

5110 125 0,5 1,5

126 to 250 1,5 25

251 to 400 3,0 4,0

401 to 690 4,0 6,9

If conditions gre different from those specified in note 2, adjustments in ELEARANCES/CREEPAGES will be necesgary as per
IEC 60664-1.

NOTE 1 The CLEARANCES/CREEPAGE DISTANCES are specified according to IEC 60664-1.
NOTE 2 The yalues specified are for typical applications of THERMAL-LINKS assuming:

a) cqntinuous voltage stress;

b) an altitude of less than or equal to 2000'm;
c) bgsic insulation;

d) inhomogeneous field;

e) oyervoltage category.ll;

f) pollution degree 2,

g) mpterialgroup III.

9.8 Temperature and humidity cycle conditioning

9.8.1 THERMAL-LINKS shall not be adversely influenced by humidity present in the ambient conditions for
which they are intended.

9.8.2 For temperature and humidity cycle conditioning, the THERMAL-LINK samples shall be subjected to
three complete conditioning cycles. Each cycle shall consist of 24 h at T,, followed immediately (within 15
min) by at least 24 h at (35 £5)°C and (90 £5)% relative humidity, followed by 8 h at (0 £2)°C.

9.8.3 Compliance is checked by subjecting the specimens to the dielectric strength (see 10.1) and
insulation resistance (see 10.2) test of this standard.

NOTE 1 For a THERMAL-LINK with a non-electrically conductive case body, the dielectric and insulation resistance tests are
performed after removal of the samples from the conditioning chamber.
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NOTE 2 For a THERMAL-LINK with an electrically conductive case body, the insulation resistance test is conducted between the
terminals after removal of the samples from the conditioning chamber.

9.9 Terminals and terminations
For requirements for THERMAL-LINK packaged assemblies, see Annex H.
10 Electrical requirements

10.1 Dielectric strength

10.1.1 Thedietectricstrengthof TRERMACTINKS StTattbeadequate bothrbeforeanmdaftertravimg operated,

and also aftdr having been subjected to the tests of 9.8.

If applicable,|the test is conducted between:
a) Current-carrying parts and enclosure (wrapped in metal foil), or

b) Current-carrying parts and insulated exposed metal parts.

10.1.2 Compliance is checked by applying the appropriate testvoltage between the releyant circuits
specified in Table 4 immediately after the tests of 9.8, if applicable,and also after the temperdture tests of
Clause 11.

Table 4
Test voltages for dielectric strength

Between Test voltage
Current-carryimg parts and enclosure (wrapped in metalfoil, if 2V, +1000V
applicable)
or
current-carrying parts and insulated exposed metal parts 2V, +1000V
Disconnection|(between open contacts) 2V,

10.1.3 A pgwer transformer with an output of not less than 100 VA is required for this test.

10.1.4 Th¢g insulation is subjected to a test voltage with a substantially sine-wave form having a
frequency bgtween-45 Hz and 62 Hz.

10.1.5 Initially not more than half the prescribed voltage is applied. It is then raised with a rate of rise of
approximately 500 V/s to the full value.

10.1.6 Immediately after the humidity test, the enclosure shall be wrapped in metal foil and the test
voltage shall be applied for 1 min across the disconnection and between the current-carrying parts and the
metal foil.

10.1.7 The specimens are deemed to comply with the requirements if no flashover or breakdown occurs.
10.2 Insulation resistance

10.2.1 The insulation resistance of THERMAL-LINKS shall be adequate both before and after having
changed their state of conductivity, and also after having been subjected to the relevant tests of 9.8.
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If applicable,

the test is conducted between:

a) Current-carrying parts and enclosure (wrapped in metal foil), or

b) Current-carrying parts and insulated exposed metal parts.

10.2.2 Compliance is checked by measuring the insulation resistance of the THERMAL-LINK after the test
of 9.8, before and after having operated in the temperature test of Clause 11. The insulation resistance
shall be measured with a d. c. voltage of 2 V, between the current-carrying parts and the enclosure
(wrapped in metal foil, if applicable) or between the current-carrying parts and insulated exposed metal
parts, and between the terminals.

NOTE-Ad.c.

10.2.3 Th
measured H
between thd
the disconng

10.3 INTERRUPTING CURRENT

10.3.1 General

A THERMAL-LINK shall interrupt the applicable test current specified in Table 5 at 1,1 timg
VOLTAGE, V,,|under the conditions specified in items 10.3.2:4"+ 10.3.2.11.

NOTE — The rain purpose of this test is to evaluate the mechanical and electrical integrity of the THERMAL-LIN
certain load.

10.3.2 Specific conditions

10.3.21 A
may be bor
through a qy

est voltage is used in order to eliminate possible deviations due to capacitive currents.

e specimens are deemed to comply with the requirements if the ihAsulatio
etween the current-carrying parts and the enclosure (wrapped in metal.foil, if g

current-carrying parts and insulated exposed metal parts is not le§s,than 2 MQ
betion is not less than 0,2 MQ.

ded electrically to a normally-earthed exposed part of the end-product shall b
ick-acting and high-breaking 1 A fuse (see IEC 60127-2, Standard sheet 1) to ear

n resistance
lpplicable) or
, and across

s the RATED

K to interrupt a

ny noncurrent-carrying metal part that is an inherent part of the thermal assenjbly and that

e connected
th.

¢ Additionally

Table 5
Test current for interrupting test
Type pf rating Rated in Test current Power factor

A.C. amperes 1,5 times RATED CURRENT 0,95t 1,0
Resistive

D.C. amperes 1,5 times RATED CURRENT -
Inductive A.C. amperes 1,5 times RATED CURRENT 0,6

H _ a

A.C. locked rotor amperes 6 times full-load current 041005

(LRA)
Motor

D.C. amperes 10 times full-load RATED -

CURRENT

PILOT DUTY A.C. volt-amperes ° 0,35
Electric discharge lamp A.C. amperes 4 times RATED CURRENT 0,4t00,5
Special c c c
@ Or the specified value, such as horsepower, if locked rotor ampere rating is omitted.
®See 10.3.2.8.

according to manufacturer's declaration (only in combination with resistive / inductive load).
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10.3.2.2 For a THERMAL-LINK having an exposed element, a metal screen shall be located 12,7 mm away
from live parts. The screen shall be connected to the opposite pole of the test circuit through a quick-acting
and high-breaking 1 A fuse (see IEC 60127-2, Standard sheet 1). The distance is measured between the
screen and the nearest point of the element when the element is in the open position.

10.3.2.3 Based on the intended use of a THERMAL-LINK, the screen may be located at a distance other
than 12,7 mm if acceptable to both the manufacturer and the end user.

10.3.2.4 The test circuit shall have an open circuit voltage within 1,1 to 1,155 times the RATED VOLTAGE of
the THERMAL-LINK to be tested. This tolerance may be exceeded with the manufacturer's consent. The
closed circuit voltage of the test circuit when carrying the RATED CURRENT shall not change by more than
2,5% of the

AT\ IO\ A S
AT VULTAUL.

10.3.2.5 Th

10.3.26 |If
voltage is co

10.3.2.7 If
tests shall cq
conditions.

10.3.2.8 Fg
representati

e tolerance of the test current shall be within 2,5% of the specified test current.

@ THERMAL-LINK has the same current rating at more than one voltage) a test at
hsidered to be representative of tests at the lower voltages.

a THERMAL-LINK has more than one voltage rating within asspécific power facto
ver the conditions of maximum voltage, power, and current. One test may cover

r THERMAL-LINKS assigned a PILOT DUTY rating, the test load shall consist of an el
e of the magnet coil load that the THERMAL-LINK)iS intended to control. The test

be the normal current which shall be determined from thg,voltage and volt-ampere rating of t

LINK. For an
characteristi
armature clo

10.3.29 C

The sampleq
the manufac
increased at
oven temper

Furthermore

The THERMAL

blternating current THERMAL-LINK, the power factor shall be 0,35 or less and the in

s5ed.
bmpliance is checked by the following test.

shall be placed in a test.oven, stabilized at a temperature of T;— 30 K (or lower if
furer). The THERMAL-LINKS in the test oven shall then be energized and the oven
the rate of (2 £1) K#min and the test shall be continued until the THERMAL-LINK fun
aiure reaches 30 Kabove T

the THERMALLINKS shall open the test circuit at a temperature below or equal to T;

-LINK may operate immediately after being energized, in which case the temperat

of (2 £1) K/m]

the highest

r group, the
two of these

ectromagnet
current shall

he THERMAL-
rush current

c of the coil shall be 10 times the nermal current. The test shall be conducled with the

declared by
femperature
ctions or the

Lire increase

injs not necessary and the test may be stopped.

10.3.2.10 The oven temperature may be monitored by means of a thermocouple attached to an identical
but non-functioning THERMAL-LINK mounted adjacent to the samples under test.

10.3.2.11 A THERMAL-LINK that is rated for controlling an alternating-current motor is acceptable for

alternating-current PILOT DUTY without further INTERRUPTING CURRENT tests if, during the original
INTERRUPTING CURRENT test, the power factor was 0,5 or less, and if the PILOT DUTY inrush current at the

same voltage is not more than 67% of the rated locked rotor current (LRA) of the device.

10.3.2.12 There shall be no damage to the integral leads of a THERMAL-LINK. There shall be no emission
of hazardous substances from a thermal-link. The case of an enclosed element shall remain intact. The
quick-acting and high-breaking 1 A fuse (see IEC 60127-2, Standard sheet 1) specified in 10.3.2.1 and
10.3.2.2 shall not function (open). An exposed element shall not arc to adjacent metal parts and material
shall not be expelled which may harm the surrounding area.
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10.3.2.13 After these tests, the insulation resistance shall comply with the requirements of 10.2.
10.4 TRANSIENT OVERLOAD CURRENT

10.4.1 THERMAL-LINKS shall withstand repeated current surges, considered as being normal in most
applications.

10.4.2 Compliance is checked by the following test, performed under normal conditions as specified in
Clause 5 (i.e. room ambient conditions).

10.4.3 D.C. current pulses, with an amplitude of 15 I, and a duration of 3 ms with 10 s intervals are
applied for ‘100 successive cycles through the current path.

10.4.4 After the test, there shall be no interruption of the current path nor other damage in|the sense of
this standargl.

10.5 Limifled short-circuit test
10.5.1 General

10.5.1.1  When declared by a manufacturer, a THERMAL-LINK is tested as described in 10.5.2 and 10.5.3.

10.5.1.2 [ff the limited short-circuit test is conducted on theTHERMAL-LINK itself with acceptable results,
the test need not be repeated during the investigation of the.end-product.

10.5.2 Test method
10.5.2.1 Three samples of the THERMAL-LINK Shall be subjected to a limited short-circuit test.
10.5.2.2 The test shall be conducted at a voltage within £5% tolerance of the RATED VOLTAGE| V.,

10.5.2.3 The THERMAL-LINK shall be connected in series with a non-renewable fuse properly selected for
the application in accordancewith 10.5.3. The circuit shall limit the current to the applicable vdlue specified
in Table 6, measured without the THERMAL-LINK in the circuit.

10.5.2.4 The powerifactor of the circuit shall be 0,9 to 1,0, unless a lower power factor is gcceptable to
both the manufacturer and the end user.

10.5.2.5 The THERMAL-LINK shall be connected in the circuit by two 915-mm lengths of coppeyr wire having
a cross-sectional area as indicated in Table 6 of IEC 60730-1. Cotton shall surround the THERMAL-LINK, or a
metal screen located 50 mm away — or less if acceptable to both the manufacturer and the end user — from
all parts of the THERMAL-LINK during the test.
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Table 6
Limited short-circuit test capacity
Short-circuit capacity
Combined rating of THERMAL-LINK (amperes)?
Volt-
amperes, Volt-amperes, | Volt-amperes,
single-phase | three-phase | direct current | Horsepower kW 0Vto250V 251V to 690 V
0to 1176 0to 832 0to 648 0t0 0,5 0-0,375 200 1000
1177 to 1920 833 to 1496 649 to 1140 Over 0,5t0 1 Over 0,375 to 1000 1000
0,750
1921 to 4080 1497 1o 3990 1141 to 3000 Over1to s Over 0,750 to 2000 000
2,250
4081109600 || 3991 to 9145 3001 to 6960 Over3to 7,5 Over 2,250 to 3500 5000
5,600
9601 or more || 9146 or more 6961 or more Over 7,5 Over 5,600 5000 5000
@ For the fluorgscent lamp ballast test, the limited short-circuit test capacity shall be 200 A.

10.5.2.6 Each THERMAL-LINK shall be subjected to one test.

10.5.3 Fuskg size (rating)

The fuse sizé for the limited short-circuit tests shall be:

a) 20

unless a larger fuse size is necessitated by b)\to'f).

b) 20|A for a THERMAL-LINK intended for use in fluorescent lamp ballast. The fuse shall

A for a THERMAL-LINK rated O V to 125 \\"and 15 A for a THERMAL-LINK rated 126 V to 690 V,

charqcteristics such that it will not openJin less than 12 s when carrying 40 A.

have design

¢) Fol a THERMAL-LINK having moter ratings, the largest standard size between 300% and 400% of

the fi

Il load current rating for.non-hermetic motors and between 175% and 225% of

curreht rating for hermeticsrefrigeration motors.

d) For a THERMAL-LINK intended for use in motor-group circuits, the largest standard fus
on the sum of the full.load ratings of all loads except the largest motor rating, plus 3009

the fu
225%

the full load

b size based
b to 400% of

Il load current rating of the largest motor if the motor is a non-hermetic type, or glus 175% to
of the( full load current rating of the largest motor if the motor is a hermeticyefrigeration

compressortype.

e) Fo

aTHERMAL LINK intended for use in electric space hnnﬁng nquipmnnf based on
H

125% of the

ampere rating. If 125% of the ampere rating results in a value for which there is no standard fuse
size, the next largest fuse size shall be used.

f) For a THERMAL-LINK having other ratings, based on the rating in amperes of the next largest
standard fuse size.

g) If acceptable in accordance with the end-product requirements, a smaller fuse size than
specified in c) to f).

10.5.4 Compliance

There shall be no ignition of the cotton mentioned in 10.5.2 or the evidence of a risk of fire during the test

or electric sh

ock after the test.
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11 Temperature tests

11.1 Gene

11.1.1
declared by

11.1.2 The

ral

the manufacturer and with the requirements of this clause.

functioning temperature, T;, shall not be influenced by thermal ageing.

The characteristic temperatures of THERMAL-LINKS shall comply with the values and tolerances as

11.1.3 Compliance is checked by subjecting specimens to one or more tests mentioned below, in the
order given in Table 1.

11.1.4 Opepration of THERMAL-LINKS shall be signaled by suitable means, for example,”light emitting
diodes with series resistors limiting the signal current to a maximum of 10 mA.
11.1.5 Opegration of THERMAL-LINKS shall be checked after each test step.
11.1.6 In drder to obtain the required accuracy of temperature settings, indicated test tempgratures shall
be measured with an accuracy of +1 K of the nominal temperature up, t6.100°C and +1% of the nominal
temperaturgd above 100°C.
11.1.7 Care shall furthermore be taken that temperature differences in that part of the ovgn where the
specimens are tested, do not exceed at any point:

* +0,5% of the nominal temperature higher than 200°C; and

» +1 K at the nominal temperature of 200°C.gor lower.
11.1.8 This may be obtained for example by placing the specimens within a thick-walled afluminum box
mounted in such a way that it is not in direct contact with the internal walls of the oven.
11.2 HOLDING TEMPERATURE, T
11.2.1 Samples of group K(3 specimens in series) are connected to a resistive load gircuit that is
metered to draw the RATED _GURRENT through the THERMAL-LINK. The specimen shall be majntained at a
temperaturd equivalent.to-the HOLDING TEMPERATURE (T,) specified by the manufacturer. The circuit is
loaded for 24 h or as.declared by the manufacturer, whichever is higher.
11.2.2 Comnpliance is determined by checking the continuity of the THERMAL-LINK after completion of the
test. The THERMAL-LINK shall not change its state of conductivity.
11.2.3 For requirements for THERMAL-LINK packaged assemblies, see Annex H.

11.3 RATED FUNCTIONING TEMPERATURE, T;

11.3.1

For devices rated less than 250°C, the THERMAL-LINKS shall be exposed in the test oven or oil bath

to T; — 12 K or as declared by the manufacturer, but not higher than 2 K below the lowest tolerance. The
temperature shall then be stabilized, shown when two consecutive readings taken 5 min apart are within 1
K of each other.

11.3.2 For devices rated 250° C or higher, the THERMAL-LINKS shall be exposed to T; — 22 K, or as
declared by the manufacturer, but not higher than 2 K below the lowest tolerance. The temperature shall
then be stabilized, shown when two consecutive readings taken 5 min apart are within 1 K of each other.
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11.3.3 The temperature shall then be increased steadily with a rate of rise between 0,5 K/min to 1 K/min,
until all specimens have functioned.

11.3.4 The individual functioning temperature of THERMAL-LINKS, rated less than 250°C, shall be recorded
and they shall be not less than as declared by the manufacturer, or T; — 10 K if no declaration is made.

11.3.5 For THERMAL-LINKS rated at 250°C or higher, the recorded temperature shall be not less than that
declared by the manufacturer, or T; — 20 K if no declaration is made.

11.3.6 For THERMAL-LINKS rated lower than 250°C, or higher than 250°C, the temperature shall be greater
than T

NOTE The equipment recommended for the tests of 11.3 is shown in Clause C.6.
11.4 MAXIMUM TEMPERATURE LIMIT, T,
11.4.1 Thelspecimens shall be subjected to T,,, +0°C, -5°C for a period of 10-min.

11.4.2 With the samples maintained at T, +0°C, -5°C, a dielectric\test per 10.1, and gn insulation
resistance test as per 10.2, shall be conducted.

11.4.3 To gvercome possible effects of thermal inertia of the specimens and any necessary ¢onnections,
and also to facilitate the introduction of the specimens into a suitable heating chamber, the spgcimens can
be inserted ipto a sand box maintained at T,

11.4.4 Thel|T;and T,, tests may be conducted in separate equipment and samples may cool down during
transfer from the T; to T, test.

11.4.5 No flashover, breakdown or refunctiéning shall occur. At the conclusion of this test all specimens
shall have fupctioned.

11.5 Ageing

11.5.1 In ofder to verify whether ageing at high temperature has a deleterious effect, THERMAL-LINKS shall
be subjected to the series,of\test steps in 11.5.4.

11.5.2 Theltemperature shall be maintained constant within +1 K.

11.5.3 Any(specimens remaining intact at the conclusion of each step shall be submitted to thje next step.

Conformity shall be considered satisfactory if all specimens have functioned after the first two steps.
11.5.4 Test steps are as follows:

11.5.4.1 Step 1: If requested by the manufacturer, the specimens are subjected to a temperature chosen
between T; — 15 K and Ty, for a period of three weeks. At the conclusion of the test, at least 50% of the
specimens shall not have functioned.

11.5.4.2 The following tests are mandatory:

11.5.4.2.1 Step 2: T; — 15 K for three weeks. At the conclusion of the test, at least 50% of the specimens
shall not have functioned unless the specimens have already been submitted to Step 1, in which case all
specimens may have functioned.
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11.5.4.2.2

11.5.4.2.3

11.5.4.24

11.5.4.2.5

11.5.5 The

11.5.6 The

Step 3: T;— 10 K for two weeks.

Step 4: T;— 5 K for one week.

Step 5: T;— 3 K for one week.

Step 6: T; + 3 K for 24 hours.

specimens shall then cool in the test chamber to less than T; — 35 K.

test is considered successful if all specimens have functioned.

12 Resistance to rusting

12.1 lron 4

12.2 Corrg

12.3 THER
rusting of su

124 Com,
humidity cy:
ferrous part
sense of this

13 Manufacturer's validation programme

13.1 The

performance as per 13.2 and 13.3.

13.2 Ther
every two Y
(MAXIMUM T
resistance).

13.3 Thet

sion protection is not required for parts made of stainless steel.

MAL-LINKS provided with one or more ferrous parts shall net be adversely affecteq
ch parts.

bliance is checked by inspecting specimens of Groups A, B and C after the tem,
ble conditioning test of 9.8. The specimens are dried in air at a suitable temperg
5 shall show no sign of rusting that might\impair the performance of the THERMA
b standard.

manufacturer shall conduct fegular inspections for production control and tests

hanufacturer shallHest three samples each, for all temperature ratings for THERMA|
ears for 10.3 (INFERRUPTING CURRENT), 11.3 (RATED FUNCTIONING TEMPERATUR
EMPERATURE ©IMIT) followed by the tests of 10.1 (Dielectric strength) and 10|
The pre-conditioning tests described in 9.2 may be omitted.

bsts 0f. 10.3 shall be conducted on

a) th

$ oA Ny
C ITIYINTOol RATED VULTAGL,

b) the highest RATED CURRENT,

nd steel parts shall be protected against corrosion by enameling, galvanizing, plating or other
equivalent means.

| by possible

berature and

ture and the
-LINKS in the

or validating

| -LINKS, once
E) and 11.4
P (Insulation

c¢) both a) and b) with a.c. and/or d.c. in the case of a resistive or motor load, or with a.c. in the case
of inductive, PILOT DUTY or electric discharge lamp load; and

d) the current and circuit condition declared by the manufacturer in the case of a special load.

Non-compliance in any of the tests shall be subject to a review and repetition as per Clause 5.


https://ulnorm.com/api/?name=UL 60691 2019.pdf

34

EIA 60691 ¢+ UL 60691

OCTOBER 18, 2019

A1

Annex A
(normative)

Application guide

in the case where THERMAL-LINKS are provided with a coating or used in impregnated windings.

A2

Instructions for mounting given by the manufacturer of the THERMAL-LINK shall be followed, especially

THERMAL-LINKS shall be chosen such that all prevailing electrical requirements with regard to

insulation resistance, dielectric strength, CREEPAGE DISTANCES in air and CLEARANCES are met under
normal and fault conditions, specified in the relevant equipment standard. For example, for audio, video

and similar e

lectronic devices, see IEC 60065.

A.3 THERM
insulation sh
equipment.

A4 If THER

sagging of slich elements or possible droplets of molten metal cannot produce*harmful effects.

A.4 If such
that mechan

NOTE For hand

A.6 Electri
be exposed i
A.7 Conne
like.

A.8 Solder
shall include

A9 Them
adequate. B
tensile force
conditions of]

A9 Them
spillage of lig

AL-LINKS shall be chosen such that, in the mounted position, their electrical
all not be degraded by thermal overshoot effects produced under fault“cond

MAL-LINKS in the form of melting wires or strips are applied, barriefs’shall be proy

melting wires are clamped or pressed under screws, rivets or terminals, it sha
cal CREEPAGE phenomena do not result in unacceptable,electrical contacts.

-held or PORTABLE EQUIPMENT, this provision applies irrespective of their position.

al connections shall function as intended oyerthe range of temperatures to whi
n the equipment.

ctors and terminals shall not loosenceasily due to vibration, shock, thermal cyc|
bd connections, if any, shall not rely solely on the solder alloy for their mechanicg
mechanical anchoring, fer'€xample a wire bent through a hole in a terminal.

bchanical strength and rigidity of the hardware used for mounting the THERMAL-|]

s, torques, vibrations and cyclic temperature changes expected during norm
the equipment.

bunted\THERMAL-LINK shall be adequately protected from harmful effects produced
uids from the equipment, for example by covers.

and thermal
tions in the

ided so that

| be verified

Ch they may

ing and the

| rigidity but

INK shall be

rackets, clamps ©r)screws used for mounting the THERMAL-LINK shall withstand thrust and

bl operating

by possible

A1

the end-use application involves sealing in or the use of cleaning solvents.

In order to avoid possible damage to the THERMAL-LINK, the manufacturer should be consulted when
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Annex B
(normative)

Alternative ageing test for THERMAL-LINKS with T, greater than 250°C for use in electric irons

B.1 THERMAL-LINKS used to protect electric irons where the normal HOLDING TEMPERATURE is 250°C or
greater and which, in the event of failure, rises rapidly to a functioning temperature of 300°C or higher, are
not required to follow the usual ageing test described in 11.5.

B.2 The alternative ageing test is conducted as per the manufacturer's declaration.

B.3 Additionally, the tolerance of T:in 11.3 is allowed to be -20 K instead of -10 K

B.4 All other requirements of this standard, however, shall be met in order to conform with-thjs standard.
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Annex C
(normative)

CONDUCTIVE HEAT AGEING TEST

NOTE In the USA, this annex is required to be declared. For all other countries, this annex is applicable when declared by the

manufacturer.

CA1

CONDUCTIVE HEAT AGEING TEST

The following CONDUCTIVE HEAT AGEING TEST shall be conducted on THERMAL-LINKS with a T; rating of 175°C
or above. The test is optional for THERMAL-LINKS with a T; rating less than 175°C.

The CONDU(
constructed

C.2 Metho

TIVE HEAT AGEING TEST may be omitted if the THERMAL-LINK is of eutectic
vithout contacts.

C.2.1 Geng¢ral

Thirty sampl
LINKS, shall i
constructed
the test over]
C.1. The aly

es shall be subjected to the test. Each of three groups consisting of ten samp
e secured to a test fixture assembly and placed on an electrically heated static-
n accordance with C.6 and subjected to the test described in C.2.2 to C.4. The o
, as shown in Figure C.2, shall be replaced with the test fixture assembly as sho
minum test box section and the ceramic ovengliner section, shown in Figure (

removed frofn the test oven.

C.2.2 Typig

A typical tes
and 6,4 mm

cal test fixture assembly

fixture assembly as shown in Figure C.1 consists of an aluminum plate, 229 mr
thick on which ten thermal securing clips are mounted on the outer perimeter of t

serve to seclire the THERMAL-LINK to the surface of the plate. An electrical insulator, consisting

of 0,075 mm|
THERMAL-LINH
shall be we
selected to d
the THERMAL

to electrically insulate it from the aluminum plate. The leads of each adjacent T
ded together to form ‘a series circuit. The wire size, type of wire, or termina
onnect the THERMAL-LINK to the electrical load, shall not significantly affect the ter

ype and is

le THERMAL-
pir test oven
ven cover of
vn in Figure
b.2, shall be

n x 229 mm
he plate and
bf two layers

thick polyamide film and .a.nominal total thickness of 0,15 mm, shall be placed @round each

HERMAL-LINK
ion method
nperature of

LLINK to which the Joad is connected. The test fixture may be modified so that all 30 test

samples may be tested on enke test fixture assembly. Multiple test fixtures may be used with the samples
divided into multiple groups:

C.2.3 Temperature-setting

The test fixtre-assembly shall be placed on the THERMAL-LINK test oven as the cover, with the THERMAL-

LINKS positioned on the outside surface of the aluminum plate. The test oven shall be rated 10 A, 120 V a.

c.or230Va.

C.

C.2.4 Temperature behavior

The temperature on the aluminum plate and the THERMAL-LINKS shall be controlled by the length of time the
test oven remains “on.” During the “on” period, the THERMAL-LINKS shall also be heated as a result of
conducting a load current of 10 A at 120 V a.c. from the heating element of the test oven connected in
series with the THERMAL-LINKS.

Exception: If the THERMAL-LINK is rated less than 10 A, a separate circuit with an external load set for the
THERMAL-LINK RATED CURRENT shall be connected to the THERMAL-LINK. The load current shall be cycled
concurrently with the test oven heating element. Whenever a THERMAL-LINK opens, the test oven heating
element shall remain off until the open THERMAL-LINK is removed and the THERMAL-LINK test location is
bypassed.
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C.2.5 Temperature monitoring

The temperature of each THERMAL-LINK shall be monitored by a thermocouple welded to the uppermost
side of the THERMAL-LINK body. The THERMAL-LINK having the highest temperature shall be used for
controlling the length of the oven “on” period. Verification of the stability of the temperature of the THERMAL-
LINK body shall be determined 24 h after the start of the test. At that time, the temperature of eight out of
ten (80%) THERMAL-LINKS shall be within 12 K of the highest monitored temperature.

C.3 Ageing
C.3.1 General
The THERMA[L-LINKS shall be aged as described in the following steps for a total of eight weeks plus one day
or until they [function:

Step|A 336 h (2 weeks) at 35 K below T

Step|B 336 h (2 weeks) at 25 K below T

Step|C 168 h (1 week) at 20 K below T

Step|D 168 h (1 week) at 15 K below T

Step|E 168 h (1 week) at 10 K below Ts;

Step|F 168 h (1 week) at 5 K below T

Step|G 24 h (1 day) at T; + 5 K. All 30 THERMAL-LINKS shall be subjected to this step.
T; is the RATED FUNCTIONING TEMPERATURE of the FHERMAL-LINKS. For each step, a tolerance of +0 K to -6 K
shall be used for controlling the test oven “on” and “off” period.
The load current “on” time through the tested device shall be at least 5 s but not longer thgn 10 s or as
declared by|the manufacturer. These.values may be exceeded during the ramp-up periods if|the required
ageing temperature of the step involved (Step A to Step G allowing the +0 K to -6 K toleranceg) has not yet
been attaingd on the THERMAL-LINK having the highest temperature and which is being used fpr controlling
the length df the oven “on” period. The THERMAL-LINK may or may not be energized during [the ramp-up
period.

C.3.2 Coadling operation

Twice each| week;“the test oven shall be de-energized and the test fixture allowed to ¢ool to room
temperaturd. . The”cool-down period shall be for 12 h on the third and fifth day of each wegk. The total
ageing timeforeach-step-shallnetincludethe-cool-dewnperiod-orthe-time-whenthetesteven is off due
to a THERMAL-LINK functioning.

C.3.3 Premature operation

If a THERMAL-LINK functions prior to completing the total ageing period, the THERMAL-LINK shall be bypassed
in order to retain continuity of the series circuit. During the reconnection process, the remaining THERMAL-
LINKS shall not be disturbed. Additional wire leads of proper size and type are to be used.

C.4 Results

As a result of the test, each THERMAL-LINK shall operate as intended, shall be electrically open, and there
shall be no dielectric breakdown as a result of the test prescribed in Clause C.5.
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C.5 Dielectric strength test

With reference to Clause C.4, following the test, each THERMAL-LINK shall be subjected to the dielectric
strength test of 10.1, applied between the leads or terminals of the opened THERMAL-LINK after the test

samples have been brought to room temperature.

Figure C.1
Typical test fixture assembly

TOP VIEW
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C.6 Testoven

The test apparatus shall consist of an electrically heated, static-air oven. A typical example of such an
oven is shown in Figure C.2. The oven shall be located in a room free of drafts and the ambient
temperature shall be maintained reasonably constant during the test.

The oven described in Figure C.2 has a two-section core consisting of a non-metallic oven liner and a
metal test box.

The interior surfaces of the oven described in Figure C.2 consist of a firebrick or a like type of surface
which shields radiant heat and reduces heat loss. Seams and joints shall be tight.

on inorgani¢ blocks and shall be shielded from radiant heat. The temperatures around.the” THERMAL-LINK

The inner m{tal test box of the oven described in Figure C.2 has 6,4 mm thick walls. The test box shall rest
shall be monitored by thermocouples located inside the metal test box.

The tempergature regulating system of the oven shall be such that the temperature of the dir at the test
location is maintained within 0,5 K.



https://ulnorm.com/api/?name=UL 60691 2019.pdf

40 EIA 60691 ¢+ UL 60691 OCTOBER 18, 2019

Figure C.2
Typical THERMAL-LINK test oven

O)

4

sSb0887

Key
1 Test sample chamber
2 Temperature monitoring ahd recording thermocouples

3 Aluminum tes{ box section, supported on four ceramic buttons

4 Low-density fire brick oven

5 Ceramic oven liner section

6 Temperature controlling thermocouple inserted at the base of the oven between test box and oven liner
7 Heating coil recessed in inside face of oven

8 Heating element in series with oven heater used as ballast resistor

A Oven cover: 16 cm x 29 cm x 29 cm

B 6,35 cm x 22,85 cm x 22,85 cm with a hole 8,25 cm x 8,25 cm
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