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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-14: Tests — Test N: Change of temperature

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization¢Combpri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is to promotg,internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. (To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Tieghnical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publigation(s)”). T
breparation is entrusted to technical committees; any IEC National Committee interested in\the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement beteén the two organization

The formal decisions or agreements of IEC on technical matters express, as néatly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international, use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are made, to,'ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National, Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
bssessment services and, in some areas, accessito IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the cofrect application of this publication.
EC draws attention( to ‘the possibility that the implementation of this document may involve the use off

[espect thereof.tAs, of the date of publication of this document, IEC had not received notice of (a) patent(s), w
Mmay be required-to implement this document. However, implementers are cautioned that this may not repre
he latest information, which may be obtained from the patent database available at https://patents.iec.c
Iwww.isosorg/patents. IEC shall not be held responsible for identifying any or all such patent rights.
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Attention is drawn to the Normative references cited in this publication. Use of the referenced publicationjs is

(a)

batent(s). IEC takés no position concerning the evidence, validity or applicability of any claimed patent righfs in
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IEC 60068-2-14 has been prepared by IEC technical committee 104: Environmental conditions,
classification and methods of test. It is an International Standard.

This seventh edition cancels and replaces the sixth edition published in 2009. This edition
constitutes a technical revision.

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

a) updating of the figures for clarification purposes;

b) |lupdating of specimen temperature(s) and severities as well as tolerances for changqd of
temperature tests;

c) [revision of standardized requirements for test reports for Tests Na and Nb.

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

Draft Report on voting

104/991/FDIS 104/1016/RVD

Full information on the voting for its approval can be found in the-report on voting indicated in
thel above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availaple
at www.iec.ch/members_experts/refdocs. Thexmain document types developed by IEC pre
degcribed in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60068 series; published under the general title Environmental testing,
can be found on the IEC website.

Tht)committee has decided thatthe contents of this document will remain unchanged until the
stapility date indicated on"the IEC website under webstore.iec.ch in the data related to fhe
spégcific document. At this date, the document will be
e |reconfirmed,

e |withdrawn,

o |[replacedby-a revised edition, or

e |amended.

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

A change of temperature test is intended to determine the effect on the specimen of a change
of temperature or a succession of changes of temperature.

It is not intended to show effects that are-due-only-to-high-orlow temperatures caused by low

or high temperature exposure. For these effects, the cold test or the dry heat test, as specified
in IEC 60068-2-1 and IEC 60068-2-2, should be used.

Th

Gu
giv

effect of such r\hongn of fnmparohlrn tasts is determined h‘\,/

values of high and low conditioning temperature between which the change is to be-&ffe¢
affected,

the conditioning times for which the test specimen is kept at these temperatures;

the rate of change between these temperatures,

the number of cycles of conditioning,

the amount of heat transfer into or from the specimen,

the thermal conductivity and the materials of the specimen,

the rate of change of the specimen’s temperature on its surface (respectively in reley
positions) or in its core.

dance on the choice of suitable test parameters for inclusion in the detail specification

en throughout this document.

ant
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1

ENVIRONMENTAL TESTING -

Part 2-14: Tests — Test N: Change of temperature

Scope

Thi
imy

2

The following documents are referred to in the text in such a way thabt some or all of their cont

cor
Fo

1EQ

IEQ

IE(

s document provides tests with specified ambient temperature changes td\ analyse th
acts on specimens.

Normative references

stitutes requirements of this document. For dated references, only the edition cited appli

50068 (all Envi ,

60068-2-1, Environmental testing — Part 2-1.>Tests — Test A: Cold

60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

eir

ent
es.

undated references, the latest edition of the referenced document (including &ny
amendments) applies.

IEAQ Guide 104 The nrenaratioh of safetv nublications and the yse of hasie safotv nublicatibpns

e e AR sen o e o pnnbe o Dlioation e onclLihe e o Donlo s b cnblloaib e
! : blicati

3 | Terms and defihitions

For the purposé@s-of this document, the terms and definitions given in IEC 60068-2-1 and

IEQ 60068-2¢2-apply.

ISQ and }EC maintain terminology databases for use in standardization at the followjing

ad(liresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
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4 Symbols
temperature difference between high conditioning temperature Tz and low
D conditioning temperature Ty
T low conditioning temperature
Tag decreased low conditioning temperature
Tg high conditioning temperature
Tq; increased high conditioning temperature
T temperature of standard atmospheric conditions for measurement and tedts
STD (15 °C to 35 °C)
AT, temperature difference between the specimen and the test medjuny(e.g. air)
dTg temperature change rate (Test Nb)
g stabilization time of specimen temperature
stabilization time of specimen temperature during\the first cycle, starting frgm
L laboratory air temperature
2 exposure time of the specimen to each conditioning temperature
transfer time of the specimen from one\test chamber to another (two-chambjr
2 test method)
. applicable temperature tolerance ofithe medium temperature during temperatufe
=T transition (Test Nb)
i applicable temperature tolerance of the medium temperature during the constalnt
H%Tconst | conditioning
5 | General
5.1 Field conditions of changing temperature
It ig common in electronic equipment and components that changes of temperature occur. Parts
ins|de equipment uhdergo slower changes of temperature than those on an external surface
when the equipment is not switched on.

Ra

bid changes of temperature-may can be expected

when equipment is transported from warm indoor into cold outdoor environments-into-dgeld

open-air-conditions or vice versa,
when equipment is suddenly cooled by rainfall or immersion in cold water,

when equipment is attached or in close proximity to components leading to high thermal
stress (e.g. combustion engines, central processing units),

when equipment is artificially cooled or heated,

in externally mounted airborne equipment or when equipment is located in unheated aircraft
or cargo holds,

under certain conditions of transportation and storage.
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Components will undergo stresses due to changing temperature when high temperature
gradients build up in an equipment after being switched on, for example in the-neighbourhood
proximity of high-wattage power resistors, radiation can cause rise of the surface temperature
in-neighbeuring on close components while other portionsremain cold.

Artificially cooled components-may can be subjected to rapid temperature changes when the
cooling system is switched on. Rapid changes of temperature in components-may can also be
induced during manufacturing processes or the transportation of equipment. Both the number
and amplitude of temperature changes, the time interval between them and the thermal
responsiveness of the equipment (or specimen) are important.

4 General

5.2 Design of-change-of temperature tests with temperature change

Chpnge of temperature Tests Na, Nb and Nc comprise alternate periods at athigh and-at a low
temperature with well-defined transfers from one temperature to the other. The conditioning fun
from the laboratory ambient temperature to the first conditioning temperature, then to the
segond conditioning temperature, then back to the laboratory cambient temperature| is
considered as one test cycle.

5.3 Test parameters

Te$t parameters\ecomprise the following:

— |laboratery ambient conditions (mainly temperature and humidity);

— |high_oonditioning temperature Tg;

— LUnereased hiah caonditionina temnerature 7. if annlicahle:
4 ) g BT P g

— low conditioning temperature Ty;

— decreased low conditioning temperature Ty, if applicable;

— exposure time 7, of the specimen to each conditioning temperature;
— transfer time ¢, or temperature change rate d7g;

— number of test cycles.

As these tests are intended to validate the effects of temperature changes on the specimen,
the specimen’s characteristics should always be taken into consideration (if not specified
otherwise):

— thermal responsiveness of the specimen in affected areas or the core;
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o thermal conductivity;
e specific heat capacity;
density;

geometry;

mass.

The experimental determination of these characteristics is recommended, if unknown and not
specified otherwise.

The test is accelerated because the number of severe changes of temperature in a given per

is

Th
wil
sp4

reater than that which will occur under field conditions.

be reached by most specimens with a certain time lag. It is recommendedo“consider
cimen’s characteristics when specifying the test. Annex A gives furthex -information

pofential consequences of improper severities of tests.

On
or

NO
tem
inte

bperating temperature range of the object under test.

[E If the specimen’s characteristics (mass, density, geometry) ppéyent the specified rate of change,

hded test, if not specified otherwise.

5.4 Purpose and choice of the tests

Ch

Thi
the

Ange of temperature testing is recommended-in the following cases:

evaluation of electrical performance after a specified number of rapid changes
temperature, Test Na or Test Nc;

of materials to withstand rapid changes of temperature, Test Na or Test Nc;

evaluation of the suitability of.eonstruction of components to withstand artificial stressi
Test Na or Test Nc;

evaluation of electrical performance-during as a consequence of a change of temperaty
Test Nb;

evaluation of mechanical performance-during as a consequence of a change of temperaty
Test Nb.

difference'in material constants or electrical performance when operating under-temperat]

stapiityatthe-two-extremes-of-temperature the conditioning temperatures T, and Tg.

high and low conditioning temperatures are understood to be ambient tempetatires wh

y in exceptional cases should these temperatures be specified Qutside the normal stord

peratures can be specified outside the normal storage or operating femperatures to increase the severity of]

od

ich
the
on

ge

the
the

of

evaluation of the suitability of mechanical components, and of materials and combinati¢pns

ng,

re,

re,

e change of_ temperature tests specified in the IEC 60068 series is not intended to evalupte

LHe

The duration of the exposure should be based on the requirements stated in 7.2.3, 8.2.3 or

9.2

a)

.2, or as stated in the relevant specification, keeping in mind the following points:

The exposure begins as soon as the specimen is in the new environment.

b) Stabilization occurs when the temperature difference(AF) between the specimen and the

c)

test medium (A7) is within 3K-+te-5 K, or as stated in the test specification. The stabilizat

ion

period~time of specimen temperature ) is from the start of exposure until the-time moment
when the temperature is within the specified difference. A representative point (or points)

on the specimen-may can be used for this measurement.

Fhe-test-duration;—+;—shall-belongerthanthe-specimen-stabilization-time—+ - The exposure

time ¢, of the specimen to each conditioning temperature shall be longer than the
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stabilization time of the specimen temperature t,. Figure 1 provides a graphical

representation of the process.-TFhis—may It is possible that this will not be appropriate
heat generating specimens.

Fi

Temperature of
the specimen
Ts \\

o

5 >/

I

3 / ts

IS /

()

l_

Ta
Time —
IEC 2237/08
[0]
g |
®
9] Temperature of
Q. (2]
IS the specimen 5
K
~
N
N
TA |
Time EC

gure 1 — Determination of-test-duration-time{f,} the exposure time ¢, of the specim
to each conditioning temperature

Choice of the duration of the transfer time 1,

for

0]
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If, for example owing to the large size of the specimens, the transfer time 7, cannot be kept

within 3 min, the transfer time can be increased with a negligible influence on the test results
as follows:

ty < 0,05 £

This applies for the two-chamber test (see 7.2.1) method only. When using the one-chamber
test method, period ¢, is not applicable.

5.7 Applicability limits of change of temperature tests

Insjde a specimen, the temperature change rate depends on the heat conduction of its' materials,
thel spatial distribution of its heat capacity as well as on its dimensions and surface area. A
regresentative point (or points) on (or inside) the specimen can be used for theliméasurement
of {he temperature change rates.

NOTE 1 The rate of temperature change of specimens made of the same material and masg,can vary if their surfdces
diff¢r from each other.

The change of temperature at one point on the surface of a specimen’ follows approximately|an
exponential law. Inside large specimens, such alternate exponential rises and decreases-may
can lead to periodic and approximately sinusoidal changes 'of temperature with much loyer
amplitudes than the applied temperature swing. Annex Blgives further information on fhe
thermal responsiveness of different materials and geometties.

The mechanism of heat transfer between the test specimen and the conditioning medium in the
chamber or bath should be-taken-intoaccount considered. Liquid in motion leads to very hjiigh
rates of change of temperature on the surfaceiafrthe specimens and still air to very low rates.

NOTE 2 If more than one specimen is tested in the'same test chamber, a uniform incoming airflow can be disturlped.
For|further information on the relation of airflow.and specimen temperature, IEC 60068-3-1 can be helpful.

The¢ two-bath method with water as~a conditioning medium (Test Nc) should be restricteq to
spgcimens which are either sealed or are by their nature insensitive to water, since their
pefformance and properties-may can deteriorate by immersion.

In particular cases, such as with specimens sensitive to water, a test with liquid other than wgter
FH;T/—%GG—QG should <be specified. When designing such a test, the characteristics of heat
transfer of the liquid,)which-may can differ from those of water, shall be-taken-into—-accopnt
considered.

NOTE 3 To assess the applicability of the two-bath method, evaluations from Test Q: Sealing (IEC 60068-2}17)
mayf can be helpful.

The application of Tests N is preferred as part of a sequence of tests. It is possible that some
types of damage-may will not become apparent by the final measurements of a Test N but-may
will appear only during subsequent tests—{e-g—Test-Q:-Sealing—TFest F\ibration-or TestD:
Accelerated damp heat).

An exemplary sequence of tests can be IEC 60068-2-17 Test Q: Sealing, IEC 60068-2-6 Test
Fc: Vibration (sinusoidal), IEC 60068-2-30 Test Db: Damp heat, cyclic (12 h + 12 h cycle) or
IEC 60068-2-67 Test Cy: Damp heat.
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The change of temperature Test Nc (Two-bath method) should not be used as an alternative to
Test Q (Sealing).

When specifying a change of temperature test, the properties of the objects under test which
are affected by conditions of changing temperature, and their possible failure mechanisms,
should be kept in mind. The initial and the final measurements should be specified accordingly.

6 Initial and final measurements

6.1 Generat

Tests Na, Nb and Nc all use the same initial and final measurements.

6.2 Initial measurements

The¢ specimen shall be visually examined and electrically and mechanically checked,|as
required by the relevant specification.

6. Final measurements

The¢ specimen shall be visually examined and electrically and mechanically checked,|as
required by the relevant specification.

7 | Test Na: Rapid change of temperature-with‘preseribed-time-of transfer

71 General description of the test

Thils test determines the ability of componenis; equipment or other articles to withstand ralpid
chgnges of ambient temperature. The expesure times adequate to accomplish this will depgnd
upon the nature of the specimen. The specCimen shall be either in the unpacked, switched-pff,
ready for use state, or as otherwise _specified in the relevant specification. The specimen is
exposed to rapid changes of temperature in air, or in a suitable inert gas, by alternating
expgosure to a low-temperature-and’te a high conditioning temperature.

7.2 Testing procedure

7.21 Testing chamber

Twp separate chambers (two-chamber method, see Figure 2) or one rapid temperature change
rate chamber (ofe-chamber method, see Figure 3)-may can be used. If two chambers are usgd,

Some two-chamber method systems are known as thermal shock test cabinets. These systems
combine characteristics of two separate test chambers and are equipped with a mobile lifting
cage (applies for horizontal shock test chambers as well) for the automatic transfer of the
specimens from one chamber to another (see Figure 2).

Damper shock test cabinets are another embodiment of a one-chamber test system. These
systems contain two conditioning and one test chamber. The test chamber is alternately
exposed to conditioned air from a hot respectively cold conditioning chamber via air flaps (see
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Figure 3). No physical transfer is required and the transfer time ¢, is not applicable, when using
this kind of test systems.

Damper shock test cabinets with a stationary test chamber, a hot chamber and a cold chamber
are commonly capable of two-zone tests with hot respectively cold exposure. Some are capable
of three-zone tests, including exposure to ambient air.

NOTE 1 Damper and basket-type test cabinets are often used for Test Na. Depending on the performance, two
separate chambers or one rapid temperature change rate chamber are often used for Test Na as well. One rapid
temperature change rate chamber is often used for Test Nb.

O

=
S \

L] L]

I_l I_l IEC

Key
A hot chamber B ¢old chamber C specimen
D mobile cage E stationary test space

Figure 2 — Schematjc representation of examples of thermal test cabinets
and test procedure with two separate test chambers
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Figure 3 — Schematic representation of_ @xamples of thermal
test cabinets with one test chamber

e chambers should be capable of maintaining the working space at the required temperatu
br insertion of the test specimens, thextemperature of the test medium shall be within

bach conditioning temperature. Tk€ temperature of the test medium refers to the con
sor of the test chamber, if not specified otherwise.

ing to the specimen’s lower,rate of temperature change, its temperature can fall below
v point temperature whény,bringing the specimens in the hot test environment (see Figure
bxposing them to ambient laboratory air (see Figure 5). During the rapid change to the h

densation of ambient air humidity should always be taken into consideration.

[E 2 Depepding on the heat capacity and mass of the specimen, this phenomenon can be more or
ounced.

humidification during heating phases or compressed air dryers can be used to preyv

[es.

the

cified tolerance after a time of not mare than 10 % of the exposure time ¢4 of the specinjen

rol

the

4)
igh
er,

eSS

ent

densation on the specimen’s surface, if necessary.



https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

- 16 - IEC 60068-2-14:2023 RLV © IEC 2023

Temperature of
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Figure 4 — Possibility of condensation during rapid temperature change
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Figure 5 — Possjibjlity of condensation during transfer of the specimen

7.2.2 Mounting orisupporting of the test specimen

The¢ thermal conduction of the mounting or supports shall be low, such that for pract
pullposes the_specimen is thermally isolated, if not specified otherwise. When testing seve
spgcimens sitMultaneously they shall be so placed that free circulation shall be provig
befween_specimens, and between specimens and chamber surfaces.

7.2.3 Severities

cal
ral
ed

The severity of the test is defined by the combination of the two temperatures, the transfer time,

the exposure time of the specimen and the number of cycles.

The-tewer low conditioning temperature T, shall be specified in the relevant specification and
sheould shall be chosen from the test temperatures of either IEC 60068-2-1-and or IEC 60068-

2-2 or both, if not specified otherwise.

The-higher high conditioning temperature Ty shall be specified in the relevant specification and
sheould shall be chosen from the test temperatures of either IEC 60068-2-1-and or IEC 60068-

2-2 or both, if not specified otherwise.
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The exposure time t,—of to each of the two conditioning temperatures depends on the heat

capacity of the specimen. It-may can be 3 h, 2 h, 1 h, 30 min or 10 min, or as specified in the
relevant specification. Where no exposure period is specified in the relevant specification, it is
understood to be 3 h.

NOTE The 10 min exposure time often applies to the testing of small specimens that achieve temperature
stabilization without a significant time lag.

If temperature stabilization of the specimens cannot be achieved within the chosen exposure
time, for example owing to a high heat capacity of the specimens, the severity of the test can
be - ) . : oo

between the low conditioning temperature 7 and the high conditioning temperature Iz Figure 6
prgvides a graphical representation of an increased severity.

B S
Tgi b e -i— ——————————————————
el ¥ A Dy O
* Set point temperature I
: of the test medium
) Temperature of
3 the specimen
©
g Tsto >
£ Time
o
Temperature of
o the test medium
=
<
Tha__I____ ——
Tad p—==———— T S 2
[
\J > &

! IEC

Key
A ptart of first cycle

B pnd of first cycle andrstart of second cycle

Figure 6 — Increased severity of Test Na

ThrI decrg@sed low conditioning temperature 7,4 and the increased high conditionfing
temperaftire 7g; should be chosen from the test temperatures of either IEC 60068-2-1| or
IE¢ 80068-2-2 or both, if not specified otherwise.

When choosing the increased high conditioning temperature 7g; and the decreased low
conditioning temperature Tp4 the temperature limits of the specimen should be respected to

avoid possible damage caused by the chosen temperature differences, if not specified
otherwise. The chosen conditioning temperatures shall be given in the test report.

The preferred number of test cycles is 5, unless otherwise specified in the relevant specification.
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7.2.4 Conditioning Preconditioning

The specimen and the temperature in the test chamber shall be at the-ambient temperature of
thelaberatory;+25°C=+-35K standard atmospheric conditions for measurement and test Tgp,

15 °C to 35 °C. If required by the relevant specification, the specimen shall be brought into
operating conditions.

7.2.5 Test cycle
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a) |One-chamber test method

The¢ specimen shall be brought into the test chambet and be exposed to the temperature change
to fhe low conditioning temperature 7 (see Figure 7).

The low conditioning temperature T, shail*be maintained for the specified exposure timg ¢,
(sele 5.5). 74 includes an initial time, netlonger than 0,1 ¢4 for temperature stabilization of the
tesf medium.

A - LI
%) = L - -
2 <0,1 t1= - 50,111> -
Y
s H | =
0 —~ Temperature of
the specimen
i : 1 :
g > > - ™~ Temperature of
‘g / : / the test mediun
o [[sp : 3 :
g- ] . \ : Time
o H
~ 1 . \
< :
\/ H N \ . \
T -
A A <0411,
_ ls* . > -t
y o - s
First cycle Second cycle

IEC

Figure 7 — Na test cycle, one-chamber method

NOTE 1 The exposure time is measured from the beginning of change of temperature within the chamber.
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Temperature stabilization of the specimen (AT,) can be achieved in the specified period 74 (see
Figure 7), if not specified otherwise. The time required for this is indicated with .

NOTE 2 In some cases it can become necessary to extend ¢, to promote temperature equalization of the specimen
or to initiate a certain relaxation process.

The specimen shall then be exposed to the temperature change to the high conditioning
temperature Tp.

The high conditioning temperature TB shall be maintained for the specified exposure time Ly 14

includes an initial time, not longer than 0,1 ¢4 for temperature stabilization of the test med.kj M.

Temperature stabilization of the specimen (A7) can be achieved in the specified d 1 ($ee
Figure 7), if not specified otherwise. The time required for this is indicated Wltr}-@

NOTE 3 In some cases it can become necessary to extend ¢, to promote temperature e?ﬁjxatlon of the specimen
or tp initiate a certain relaxation process.

For the next cycle the specimen shall be exposed to the low cond@%g temperature Tp.
Ong cycle comprises the exposure time ¢4 to both conditior%%mperatures. At the end of the
lasf cycle, the specimen shall be subjected to the recovergk cedure (see 7.3).

o)

NOTE 4 There are no transfer times required for the one- char@Qtest method.

b) [Two-chamber test method Q
N\

The¢ test specimen shall be brought into tﬁ%)cold chamber and be exposed to the |ow
conditioning temperature T,. \\(\

The low conditioning temperature T'x\@&hall be maintained for the specified exposure timg 14
(see 5.5). t4 includes an initial ti%\g\ot longer than 0,1 ¢4, for temperature stabilization of fhe
airtemperature in the chambe{gs e Figure 8).

NOTE 5 The exposure time |s gehsured from the moment of insertion of the specimen into the chamber.

.

Temperature stabilization of the specimen (A7) can be achieved in the specified period t,
(sefe Figure 8), if pecified otherwise. The time required for this is indicated with .

NOTE 6 Ins ases it can become necessary to extend 7, to promote temperature equalization of the specifnen
or tp initiate rtain relaxation process.

The &‘men shall then be brought into the hot chamber in a transfer time ¢,, which should hot

be lmore than 3 mln and be gxnosed to the high conditioning temperature TI:S'

...................

The transfer time ¢, shall include the time needed for the removal from one chamber and the

insertion into the second chamber as well as any dwell time at the ambient temperature of the
laboratory.

NOTE 7 For specimens with a large mass or geometry, the transfer time from one chamber to another can be
increased as specified in the relevant standard or specification (see 5.6).

The high conditioning temperature Ty shall be maintained for the specified exposure time z.
includes an initial time, not longer than 0,1 ¢4, for temperature stabilization of the air temperature
in the chamber.

NOTE 8 The exposure time is measured from the moment of insertion of the specimen into the chamber.
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Temperature stabilization of the specimen (A7) can be achieved in the specified period ¢,
(see Figure 8), if not specified otherwise. The time required for this is indicated with .

NOTE 9 In some cases it can become necessary to extend ¢, to promote temperature equalization of the specimen
or to initiate a certain relaxation process.

For the next cycle the specimen shall be brought into the cold chamber in a transfer time ¢,
which should not be more than 3 min, and be exposed to the low conditioning temperature T,.

NOTE1Q0 __Eor thnr‘imnnc with 2 larae mass or geometry the transfer time from one chamber to another can be

incrpased as specified in the relevanrstandard oruspecificlation (see 5.6). A

Ong cycle comprises the exposure time ¢y to both conditioning temperatures anQ\hé {wo
trapsfer times ¢, (see Figure 8). At the end of the last cycle, the specimen shall be({/l).lbjectec to

thel recovery procedure (see 7.3). (19
A ,'\
A > - Temperature of q,
2‘0 AT hot chamber O~/
ol .S
B ~\)__
A : )
T Qat_ure of
<011, &Zpemmen
0 A
=}
©
g Tso \ -
£ Time
& 1 s B
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> . cold chamber
< H
Y =N\ Y
N s P
Y RS l
> +0 . |
I N > First cycle ‘ Second cycle
C.){\c}‘ T IEC
Keyf N

A Pptart of first cycle O®

B End of first cycle @start of second cycle

Q‘ Figure 8 — Na test cycle, two-chamber method

At the end of the test cycle, the specimen shall be brought to the temperature of standard
atmospheric conditions for measurement and test T'gtp, 15 °C to 35 °C. It is recommended that

the specimen be brought to this temperature within the specified period ¢4, if not specified
otherwise.

If this is not possible or specified otherwise, the temperature in the test chamber shall be
lowered to the temperature of standard atmospheric conditions for measurement and test T'gp,
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15 °C to 35 °C. It is recommended that the temperature be lowered to that of standard
atmospheric conditions within the specified period ¢4, if not specified otherwise.

NOTE Keeping the specimen exposed to the high conditioning temperature for an extended time after completion
of the test can be seen as temperature storage, which can cause unintended damages to the specimen.

The specimen shall remain at the temperature of standard atmospheric conditions for
measurement and test Tqp, 15 °C to 35 °C, for testing for a period adequate for the attainment

of temperature stability. The relevant specification should specify a specific recovery period for
a given type of specimen.

-
>
-

<
<

S 2 A B e o 2

]

Test Nb: Change of temperature with specified rate of change

8.1 General description‘of'the test

Thils test determines the _ability of components, equipment, or other articles to withstand andfor
funiction, or both, during changes of ambient temperature.

The specimen shall be either in the unpacked, switched-off, ready for use state, or as otherwjise
sp¢gcified in_the-relevant specification.

The¢ specimen is exposed to changes of temperature in air by exposure in a chamber to
: specified temperatures varied at a controlled rate. During this exposure fhe
performmance of the specimen—r=ay stroutdbemomnitored:

8.2 Testing procedure
8.2.1 Testing chamber

The chamber for this test shall be designed so that in the working space, where the specimen
under test is placed, a temperature cycle can be performed in such a manner that

a) the low temperature required for the test can be maintained,

b) the high temperature required for the test can be maintained,

c) the temperature change-rate required for the test from low temperature to high temperature
or vice versa can be performed at the required rate of change.
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8.2.2 Mounting or supporting structure of the test specimen

Unless-otherwise-specified-in-the relevant specification;-The thermal conduction of the mounting

or supporting structure shall be low, such that for practical purposes the specimen is thermally
isolated, if not specified otherwise. When testing several specimens simultaneously they shall
be so placed that free circulation is provided between the specimens, and between the
specimens and chamber surfaces.

8.2.3 Severities

of
Fity
of

tenpperature change, and the heat transfer to the specimen.

The-tewer low conditioning temperature T, shall be specified in the relevant specification and
shquld be chosen from the test temperatures of IEC 60068-2-1 and IEC 60068-2-2.

The-higher high conditioning temperature Ty shall be specified in the relgvant specification and
shquld be chosen from the test temperatures of IEC 60068-2-1 and(IEC 60068-2-2.

The rate of temperature change rate d7g shall be specified in the relevant specificatipn.
Example rates are as followsyif not specified otherwise:

— |1 K/min,
— |3 K/min,
— |5 K/min,
— [10 K/ming
— |15 Khaiii,
— |20 K/min,

oLl L -
- £9O INTTTHTT.

NOTE Temperature change rates > 15 K/min can result in severe testing conditions.

The exposure time to each of the two temperatures ¢, depends upon the heat capacity and the
mass of the specimen. It-may can be 3 h, 2 h, 1 h, 30 min, or 10 min, or as specified in the
relevant specification. Where no exposure period is—prescribed specified in the relevant
specification it is understood to be 3 h.

The specimen shall be subjected to two consecutive cycles, unless otherwise specified in the
relevant specification.
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8.2.4 Tolerance

Tolerances shall be specified in the relevant specification. If there are no tolerances specified,
the following tolerances shall apply.

The calculation of the applicable temperature tolerance o1 during the temperature transition
depends on the temperature change rate d7g and temperature difference D.

The applicable temperature tolerance of the medium temperature during temperature transmon

tenpperature change rate d7g multiplied with a time constant7of +1 min. ({/b
2k
Th¢ following applies: b‘
N
v
iO'T = io‘-m = iDX0,075 for i—O-T,1 > iO'T’Q oro’
QQ)
Q
iO’T = i‘TT,Z = idTRX (1 mln) for ‘|_'O'T,1 < io_T,Z @

O

Anpex C shows an auxiliary table with temperature tole }ces for preferred combinationq of
high and low conditioning temperatures and rates of tan&rature change.

The applicable temperature tolerance *oq.gnst %@e medium temperature during the constant
conditioning shall respectively be taken from IE\@ 0068-2-1 and IEC 60068-2-2, if not specified

othlerwise.
%‘

NOTE 1 The constant conditioning temperatur@eriods can be seen as phases of temperature storage.

NOTE 2 For large test chambers the tole%nces to

Teonst AUring the constant conditioning can differ, refef to
IEC|60068-2-1 and IEC 60068-2-2. \O

The¢ relevant specification \gﬁn call for tighter tolerances under special circumstances} if
neg¢essary.

-

The tolerance oy i plied during transition starting from 10 % to 90 % of the temperatpre
difference D. The Q))erance *orconst 1S applied after 0,1 ¢4 but at least 5 min and at most 15 min
from the star le constant temperature conditioning period.

For the od 0,1 74 at the beginning of each constant temperature conditioning as well ag at

thel b ing and end of each transition no tolerance is specified, as indicated by the hatclrced
argasin Figure 9. For better understanding of the periods with and without applicable toleranice,
see Figure 9. The tolerances apply to the temperature as measured by the chamber control
Sensor.
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Figure 9 — Tolerance for fluctuation afjtest temperatures

8.2.5 Conditioning Preconditioning

The¢ specimen and the temperature in the testichamber shall be at the-ambient temperaturg of
the-taboratory—+25°C+5K standard atmospheric conditions for measurement and test T'qp,

15°C to 35 °C. If required by the relevant specification the specimen shall be brought ipto
opegrating conditions.

8.3 Testcycle

The¢ air temperature in thesgchamber shall then be lowered to the-specified low conditionjing
temperature T, at the specified rate d7z (see Figure 10).

After temperature stability in the chamber has been reached, the specimen shall be exposed to
theHow-tempergtucg-conditionfor-the-specified-period;—+, the temperature 7, for the specifjed

exposure time, %

temperature Tg at the specified rate dTz{seeFigure-3).

ThﬁF air-temperature in the chamber shall then be raised to the-specified high conditionjing

After temperature stability in the chamber has been reached, the specimen shall be exposed to
the-high-temperatureconditionfor-the-specified-period;—t, the temperature Ty for the specified

exposure time ¢4.

The air temperature in the chamber shall then be lowered to-the-value-of the laboratoryambient
temperature—+25°C +5 K. at the specified-rate {see-Figure-3) the temperature of standard

atmospheric conditions for measurement and test T'gtp, 15 °C to 35 °C, at the specified rate
dTR.

This procedure constitutes one cycle.
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EFigure 10 — Nb test cycle
Tollimit the impact of the h€at/generating specimen on the test severity it is recommende( to
pefform functional checks ‘anly during constant temperature phases of each test, if not specifjed

othlerwise. Continuous @peration of specimen can prevent temperature equalization of the inper
palts of these specimgns during cooling. The designated time frames are shown in Figure |11,
thely should be limited’to 90 % of the exposure time ¢4, if not specified otherwise. The designa’Led
time frame for finctional tests should start after 0,1 ¢4 but at least 5 min and at most 15 fin
from the start/of the constant temperature conditioning period, for temperature stabilization of
thel medium._temperature in the chamber, if not specified otherwise.
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Figure 11 — Test times for intermediate operation of specimehs

8.4 Recovery

At [the end of the test cycle, the specimen shall remain—-in at thetemperature of standprd
atmospheric conditions for measurement and test Tgtp, 15 °C t0-857°C, for testing for a perjod

adg¢quate for the attainment of temperature stability.

The relevant specification-may-—preseribe should specify a\specific recovery period for a giyen
type of specimen.
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9 Test Nc: Rapid change of temperature, two-fluid-bath method

9.1 General description of the test

This test determines the ability of components, equipment, or other articles to withstand rapid
changes of temperature.

This test procedure results in a severe thermal shock and is applicable to glass-metal seals and
similar specimens.
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The specimen is immersed alternately in two baths, one filled with liquid at a low temperature
T, and one filled with liquid at a high temperature Tg.

9.2 Testing procedure
9.2.1 Testing equipment
Two baths, one at low temperature and one at high temperature, shall be provided in such a

way that the specimen under test can be easily immersed and be quickly transferred from one
bath to the other.

The low temperature bath shall contain liquid at the-ewer low conditioning temperature| Ty

stafed in the relevant specification. If no temperature is stated, the liquid shallChavg a
temperature of 0 °C.

The bath for the high temperature shall contain liquid at the upper temperatute.'Tg as requifed

by the relevant specification. If no temperature is stated, the liquid shall have a temperature of
+100 °C.

The¢ baths shall be so constructed that at no moment during the test shall the temperaturg of
thel cold bath rise more than 2 K above T, or the temperature of’the-warm hot bath fall mpre

thain 5 K below Tp.

The liquids used for the test shall be compatible with,the materials and finishes used in the
majhufacture of the specimens.

NOTE The rate of heat transfer will depend upon the liquids*used and will affect the severity of the test for a gjven
temperature range.-n } e van ifieation-sh ifv the ligui 4 i

9.2.2 Severities

The¢ severity of the test is defined by<the specified bath temperatures, the-pericod-of trangfer
time 7, from one bath to the others—,; and the number of cycles. The severity of the test will

incfease with an increase in the temperature difference, the reduction of the transfer time, and
thel heat transfer to the specimen.

The¢ relevant specification shall specify the duration parameters to be used and the chogen
valpe of the exposuye\iime ¢, to both conditioning temperatures.

The number ofitest cycles is 10, unless otherwise specified in the relevant specification.

9.2.3 Conditioning

The specimen under test shall not be in operation during immersion. It shall be switched off and
its movable parts shall be at rest, if not specified otherwise.

9.3 Test cycle

The specimen under test, while being at the ambient temperature of the laboratory, shall be
immersed into the cold bath containing liquid at the low conditioning temperature T, as stated

in the relevant specification.

The specimen shall be maintained immersed in the cold bath for the—appropriate—period;
specified exposure time ¢;.
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The specimen shall then be removed from the cold bath and immersed in the hot bath containing
liquid at the high conditioning temperature Ty as stated in the relevant specification. The

transfer time 1, shall be as stated in the relevant specification.

The specimen shall be maintained immersed in the hot bath for the-apprepriateperied; specified
exposure time ¢,.

The specimen shall then be removed from the hot bath. The—peried transfer time ¢, between

removal from the hot bath and immersion in the cold bath shall be as specified in the relevant
spécification.

Onp-eycleconsistsof-twoimmersiontimes—+,—and-two-transfertimes—, {see Figure4)-

Ong cycle comprises the exposure times 7 to both conditioning temperatures @nd the trangfer
time ¢, (see Figure 12).

At the end of the last cycle, the specimen shall be subjected to the recovery procedure.
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9.4 Recovery

At |the end of the test cycle, the specimen shall be subjected to—laberatery—ambient
temperature of standard atmospheric conditions for measurement and test T'gtp, 15 °C to 35

Draplets of liquithshall be removed. If cleaning is necessary, then the method shall be defir

by the relevant.specification.

Of specimen.

typ

Figure 12 — Nc test cycle

ThF relevant specification-may—presecribe should specify a specific recovery period for a gi

the
P C.
ed

en
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10( Information to be given in the test report Qy
$e)
As|a minimum, the test report shall show the following information: Qq/
by Testlaboratory éaeme—aed—add#ess—%gée%aﬁs—e(
<)
&)
o
8
9
A
)
b
)
e
N < E intioe.d
m) 3. {ast-and-next due-date)
n) . ? £
measw@ems measurements)
o) = ﬁ&l . : ification,
5) . : . intsd 3
&) <</C) (resultsof functionaltests-etc.)
H \ Ohsarvatinne rlnring focl‘ing and (any pnrl‘inonf ahsarvya Hnne)
actions taken
s} Summary of test (test summary)
n Distributi distributi st
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a)
b)

c)
d)
e)
f)
9)
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Customer
Test laboratory

Test dates

Type of test

Test standard, edition
Test specimen description
Test chamber identity

(name and address);

(name and address and details of
accreditation — if any);

(dates when test was run);

(Na, Nb, Nc);

(IEC 60068-2-14, edition used);

(drawing, photo, quantity build status, etc.);
(unique identity of the chamber, e.g.

(0]

v)

Test set-up

Initial, intermediate and final
measurements

Required severities
Test severities

Performance of test specimens

Observations during testing and
actions taken

Test results

In 4ddition to the mandatory information the té‘sgreport can include, for example:

Purpose of test
Relevant laboratory test proce\®§
Performance of test appar@.ls

Air velocity or directien-or both

-

Uncertainties ?h’amber independent
measuring m

Calibra%x_‘q. ata
Mea ents or loading during

co é}onmg or both;

y deviation in procedure as agreed
<(,between customer and supplier

internal Laboratory Identification
number/code);

3

| . Q
(details of mounting and supports
measuring points, (1?3
test medium, etc.); Q

(if performed by the test Iab&r ory);

4
(from relevant specifi aft)én);

(preconditioning, eratures, duration of
exposure, data @

(results of E@tlonal tests, etc.);

(any per t observations);

(te‘ﬁummary, e.g. pass/fail decision).

(development, qualification, etc.);
(code and issue);

(set point temperature control, air flow,
etc.);

(air velocity or direction of incident air to
the specimen or both);
(uncertainties data);

(last and next due date);

(test set-up, applicable severities, etc.).

A test log should be written for the testing which can be attached to the report.

IEC 60068-2-14:2023 RLV © IEC 2023
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Annex A
(informative)

Potential consequences of improper severities

Accelerated temperature stress tests are an important aspect to evaluate the reliability of

products and components over their entire life cycle. Complex geometries

and differing

materials cause mechanical stress within the specimens during cyclic temperature tests.

The¢ change of temperature of a specimen follows an approximately exponenti

large specimens or specimens with low thermal conductivity, such alternate
te

ezs@mntial ri

the

w. Insjide
bes

perature with

e intended p¢ak

temperatures will not be reached in accelerated temperature tests. Figure‘lﬁ/m gives a graphijcal
display of this process. ng’

NOTE It is common practice to examine the sample in advance to ident@mse parts that affect the glow
temperature change of the sample. The results of the analysis can then be c red in the stabilization time of the
sanjple. 63

For this reason, the monitoring of the temperature of th%‘g}ecimens at a representative pgint
(or|points) is recommended.

A

Ty

Temperature of
the specimen

-
|

Time

Temperature

Temperature of
the test medium

S N —

IEC

%O Figure A.1 — Delayed temperature change of the specimen

&S
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Annex B
(informative)

Thermal responsiveness of different materials and geometries

23

The specimen’s characteristics, such as its thermal conductivity, its specific heat capacity as
well as its mass and geometry can have a significant effect on the thermal responsiveness of
the specimen. The rate of temperature change of the specimen during temperature stress tests

is highly affected by its thermal responsiveness.
Smlall specimens with low specific heat capacity, as well as specimen with a proportiona Iy%'ge
suffface, will quickly respond to temperature changes of the ambient medium. Big s méns
with higher specific heat capacity, as well as specimens with a rather small surface will respgnd
with a significant time lag and lower rates of changes. Figure B.1 give graphical
regresentation of the process described above. The figure shows exempl temperatpre
prdfiles of specimens with differing thermal responsiveness (C to E). ,\b‘
The¢ specimen with high thermal responsiveness (C) responds almost i “kdiately to the risg of
ampient air temperature (B), whereas both specimens with low ermal responsivengss
(D |pnd E) show an increasing time lag. Q)Q
Fufthermore, low thermal conductivities can lead to non- temperature changes within
the spemmens as seen within the cylindric specimen ma f plastic. These can prevent the
spgcimen’s core temperature from temperature equa&zﬁ)lon This effect can be amplified in
spgcimens with high masses. Q

If

thelse characteristics are unknown, their ex mental determination is recommended. fFor

fur

These characteristics shall be taken into consé}dg%atlon when specifying any test parameterg.

\ »

T (°C)

=N
o
o

her information on the thermal respons{&gness of specimens IEC 60068-3-1 can be helpful.

m o O @ »

L)
IEC

set point test temperature
air temperature within test chamber
specimen with high thermal responsiveness

specimen with medium thermal responsiveness

specimen with low thermal responsiveness

Figure B.1 — Rate of temperature change of specimen
with differing thermal responsiveness
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Annex C
(normative)

Auxiliary table with exemplary temperature tolerances *oT for preferred

combinations of high and low conditioning temperatures and rates of

temperature change (Test Nb)

Tolerances shall be specified in the relevant specification. If there are no tolerances specified,
the following tolerances shall apply.

Th
de

Th

calculation of the applicable temperature tolerance +o1 during the temperatureégn,sﬂlion

ends on the temperature change rate and temperature difference D.

Ve

b applicable temperature tolerance of the medium temperature during tempeff&lre transiﬂion
tor shall be selected from the larger of the two calculated values o7 4 and J_r(%; if not speci
/

ied

othlerwise.

v
The value o7 ¢ shall be calculated by using the temperature diffquace D multiplied withfan
adjustment factor of 0,075. The value o7 , shall be calculated b g the temperature change
ratg d7r multiplied with a time constant of 1 min.

Th

Fo

for| exemplary test parameters. Additionally, Table C.1 gives an overview of applic
tol¢rances for prefe combinations of high and low conditioning temperatures as well
ratgs of temperat hange d7g.

NO

IEC] 60068-§-®§d IEC 60068-2-2.
MP

\%
¢ following applies:

O
X

a better understandin@ following example and Figure C.1 show the applicable tolera

[E For lar %st chambers the tolerances o . ., during the constant conditioning can differ, refe

io'-l- = io’T’»I = iDX0,0 i, or iO-T,'] > iUT,Z (C ’
A
\\g\Q
tor = iO’T,ZA‘@ﬁTR x (1min), for tor4 <to7y (
xO
O

ce
ble
as

EXA
7, 188
Ty =85°C
d7g = 3 K/min
+o74 =+D x 0,075 = £(85°C - (-55°C))x0,075 = +140K x0,075 = +10,5K (C.3)
1o =2dTg x (1min) = £3 K/ minx (1min) = +3 K (C.4)



https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

85

- 36 — IEC 60068-2-14:2023 RLV © IEC 2023

iUTj >i6T,2 —>tor = iO'T,o] =i10,5K

(C.5)

Femperature—(“€y

Tstp

Temperature of
the test medium

<6 min
but>5min

A

|

No tolerance specified
in hatched areas

First cycle Second cycle

Figure C.1 — Tolerance for flaetuation of test temperatures
for exemplafy test parameters

IEp
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-14: Tests — Test N: Change of temperature
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IEQ
cla

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization¢Combpri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is to promotg,internati
Co-operation on all questions concerning standardization in the electrical and electronic fields. (To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Tieghnical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publigation(s)”). T
breparation is entrusted to technical committees; any IEC National Committee interested in\the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreement beteén the two organization

The formal decisions or agreements of IEC on technical matters express, as néatly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international, use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are made, to,'ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National, Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
bssessment services and, in some areas, accessito IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the cofrect application of this publication.

EC draws attention( to 'the possibility that the implementation of this document may involve the use off
[espect thereof.tAs, of the date of publication of this document, IEC had not received notice of (a) patent(s), w
Mmay be required-to implement this document. However, implementers are cautioned that this may not repre

he latest information, which may be obtained from the patent database available at https://patents.iec.c
Ivww.isosorg/patents. IEC shall not be held responsible for identifying any or all such patent rights.

60068-2-14 has been prepared by IEC technical committee 104: Environmental conditio
5sification and methods of test. It is an International Standard.
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Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is

(a)

batent(s). IEC takés no position concerning the evidence, validity or applicability of any claimed patent righfs in

hich
ent
h or

ns,

This seventh edition cancels and replaces the sixth edition published in 2009. This edition
constitutes a technical revision.

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

a)

updating of the figures for clarification purposes;

b) updating of specimen temperature(s) and severities as well as tolerances for change of

c)

temperature tests;

revision of standardized requirements for test reports for Tests Na and Nb.
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The text of this International Standard is based on the following documents:

Draft Report on voting

104/991/FDIS 104/1016/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The_lanqguage used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availaple
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC pre
degcribed in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60068 series, published under the general title Environmental testing,
can be found on the IEC website.

Tht)committee has decided that the contents of this document will femain unchanged until the
stapility date indicated on the IEC website under webstore.iec’ch in the data related to fhe
spégcific document. At this date, the document will be
e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.
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INTRODUCTION

A change of temperature test is intended to determine the effect on the specimen of a change
of temperature or a succession of changes of temperature.

It is not intended to show effects that are caused by low or high temperature exposure. For
these effects, the cold test or the dry heat test, as specified in IEC 60068-2-1 and
IEC 60068-2-2, should be used.

The-effectof change-oftemperature-tests-is—determined-by\
J Lad J

— |values of high and low conditioning temperature between which the change is to be affected,
— |the conditioning times for which the test specimen is kept at these temperatures;
— [the rate of change between these temperatures,

— |the number of cycles of conditioning,

— |the amount of heat transfer into or from the specimen,

— [the thermal conductivity and the materials of the specimen,

— |the rate of change of the specimen’s temperature on its surface’ (respectively in relevant
positions) or in its core.

Gujdance on the choice of suitable test parameters for incldsion in the detail specification is
given throughout this document.
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1

ENVIRONMENTAL TESTING -

Part 2-14: Tests — Test N: Change of temperature

Scope

Thi
imy

2

s document provides tesis with specified ambient temperature changes to analyse f
acts on specimens.

Normative references

The following documents are referred to in the text in such a way that some or all of their cont

cor
Fo

stitutes requirements of this document. For dated references, only thenedition cited appli

amgendments) applies.

IE(

60068-2-1, Environmental testing — Part 2-1: Tests — Test-A:-Cold

eir

ent
es.

undated references, the latest edition of the referenced dacument (including &ny

IEQ 60068-2-2, Environmental testing — Part 2-2: Tests —*[est B: Dry heat

3 | Terms and definitions

For the purposes of this document, the terms” and definitions given in IEC 60068-2-1 and
IEG 60068-2-2 apply.

ISQ® and IEC maintain terminology-.databases for use in standardization at the followjing
addresses:

IEC Electropedia: availablevat https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

-8 - IEC 60068-2-14:2023 © |IEC 2023

4 Symbols
temperature difference between high conditioning temperature Tg and low
D conditioning temperature T
Tp low conditioning temperature
Taqg decreased low conditioning temperature
Tg high conditioning temperature
Tg; increased high conditioning temperature
temperature of standard atmospheric conditions for measurement and tegts
Tsto | (15 °C to 35 °C)
AT, temperature difference between the specimen and the test mediumv(e.g. air)
d7g temperature change rate (Test Nb)
ls stabilization time of specimen temperature
stabilization time of specimen temperature during‘the first cycle, starting frgm
L laboratory air temperature
2 exposure time of the specimen to each conditioning temperature
transfer time of the specimen from one.test chamber to another (two-chambr
2 test method)
N applicable temperature tolerance ofithe medium temperature during temperatufe
=T transition (Test Nb)
., applicable temperature tolerance of the medium temperature during the constajnt
H9Tconst | conditioning
5 | General
5.1 Field conditions of changing temperature
It i§ common in electronic equipment and components that changes of temperature occur. Parts
ins|de equipment uhdergo slower changes of temperature than those on an external surface
when the equipment is not switched on.
Rapid changes of temperature can be expected

when equipment is transported from warm indoor into cold outdoor environments or \ice

versa,
when equipment is suddenly cooled by rainfall or immersion in cold water,

when equipment is attached or in close proximity to components leading to high thermal
stress (e.g. combustion engines, central processing units),

when equipment is artificially cooled or heated,

in externally mounted airborne equipment or when equipment is located in unheated aircraft
or cargo holds,

under certain conditions of transportation and storage.
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Components will undergo stresses due to changing temperature when high temperature
gradients build up in an equipment after being switched on, for example in the proximity of high
power resistors, radiation can cause rise of the surface temperature on close components while
other portions remain cold.

Artificially cooled components can be subjected to rapid temperature changes when the cooling
system is switched on. Rapid changes of temperature in components can also be induced during
manufacturing processes or the transportation of equipment. Both the number and amplitude of
temperature changes, the time interval between them and the thermal responsiveness of the
equipment (or specimen) are important.

5.2 Design of tests with temperature change

Change of temperature Tests Na, Nb and Nc comprise alternate periods at a high-and a |ow
temperature with well-defined transfers from one temperature to the other. The cenditioning fun
from the laboratory ambient temperature to the first conditioning temperature; then to the
segond conditioning temperature, then back to the laboratory ambientxtemperature| is
considered as one test cycle.

5.3 Test parameters

Test parameters comprise the following:

— |laboratory ambient conditions (mainly temperature and tidmidity);

— |high conditioning temperature Tg;

— |increased high conditioning temperature Tp;, if applicable;

— |low conditioning temperature Tp;

— |decreased low conditioning temperature #p4, if applicable;

— |exposure time ¢, of the specimen to gach conditioning temperature;
— [transfer time ¢, or temperature change rate d7g;

— |number of test cycles.

As|these tests are intended\to validate the effects of temperature changes on the specimgn,
the| specimen’s characteristics should always be taken into consideration (if not specified
othlerwise):

— |thermal responsiveness of the specimen in affected areas or the core;
o thermalseonductivity;

e specCific heat capacity;

— |density;

— |geometry;

— mass.

The experimental determination of these characteristics is recommended, if unknown and not
specified otherwise.

The test is accelerated because the number of severe changes of temperature in a given period
is greater than that which will occur under field conditions.

The high and low conditioning temperatures are understood to be ambient temperatures which
will be reached by most specimens with a certain time lag. It is recommended to consider the
specimen’s characteristics when specifying the test. Annex A gives further information on
potential consequences of improper severities of tests.
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Only in exceptional cases should these temperatures be specified outside the normal storage
or operating temperature range of the object under test.

NOTE |If the specimen’s characteristics (mass, density, geometry) prevent the specified rate of change,
temperatures can be specified outside the normal storage or operating temperatures to increase the severity of the
intended test, if not specified otherwise.

5.4

Purpose and choice of the tests

Change of temperature testing is recommended in the following cases:

the

UVdiudtiUII Uf U:Ubtl;bd: pUIfUIIIIaIIbU aftcl d apcbificd IIuIIIIUUI Uf Idpid bhallyca
temperature, Test Na or Test Nc;

of

evaluation of the suitability of mechanical components, and of materials and combinatipns

of materials to withstand rapid changes of temperature, Test Na or Test Nc;

evaluation of the suitability of construction of components to withstand artificial stressi
Test Na or Test Nc;

evaluation of electrical performance as a consequence of a change of temperature, Test

evaluation of mechanical performance as a consequence of a-‘thange of temperatyre,

Test Nb.

Th¢ change of temperature tests specified in the IEC 60068 series is not intended to evalu

the
cor

5.5

Thy
9.2

a)
b)

difference in material constants or electrical performance when operating under
ditioning temperatures T, and Tg.

Choice of the exposure time to each condifiohing temperature

ate
the

b duration of the exposure should be based:on the requirements stated in 7.2.3, 8.2.§ or

.2, or as stated in the relevant specificationj.keeping in mind the following points:

The exposure begins as soon as the specimen is in the new environment.

Stabilization occurs when the temperature difference between the specimen and the fest
medium (ATy) is within 5 K, or as stated in the test specification. The stabilization timg of

specimen temperature rg is\from the start of exposure until the moment when

temperature is within thecspecified difference. A representative point (or points) on
specimen can be used(for'this measurement.

the
the

The exposure time #, of the specimen to each conditioning temperature shall be longer than

the stabilization"time of the specimen temperature z,. Figure 1 provides a graph

representation. of the process. It is possible that this will not be appropriate for h
generating«specimens.

cal
eat



https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

IEC 60068-2-14:2023 © |IEC 2023 -1 -

the specimen z

Temperature

Temperature of ® l

Thi
tes|

5.7

Ins
the)
rep

of fhe temperature change rates.

NO
diffg

Thy

Time s

Figure 1 — Determination of the exposure time 7, of the specimen
to each conditioning temperature

Choice of the duration of the transfer time ¢,
or example owing to the large size of the specimens, the transfer time 7, cannot be k

follows:

ty < 0,05 g

s applies for the two-chamber test (se€.7.2.1) method only. When using the one-cham
t method, period ¢, is not applicable,

Applicability limits of change of temperature tests

de a specimen, the temperature change rate depends on the heat conduction of its mater
resentative point (or points) on (or inside) the specimen can be used for the measurem
[E 1 The rate of temperature change of specimens made of the same material and mass can vary if their surfg

r from each ether.

e change-of temperature at one point on the surface of a specimen follows approximately
onential law. Inside large specimens, such alternate exponential rises and decreases

. to perlodlc and apprOX|mater smusmdal changes of temperature with much lo

spatial distribution of its‘heat capacity as well as on its dimensions and surface areal

ept

ithin 3 min, the transfer time can be increased with a negligible influence on the test results

per

als,

ent

ces

the

rmal responsweness of different materlals and geometries.

The mechanism of heat transfer between the test specimen and the conditioning medium in the
chamber or bath should be considered. Liquid in motion leads to very high rates of change of
temperature on the surface of the specimens and still air to very low rates.

NOTE 2

For

further information on the relation of airflow and specimen temperature, IEC 60068-3-1 can be helpful.

If more than one specimen is tested in the same test chamber, a uniform incoming airflow can be disturbed.

The two-bath method with water as a conditioning medium (Test Nc) should be restricted to
specimens which are either sealed or are by their nature insensitive to water, since their
performance and properties can deteriorate by immersion.
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In particular cases, such as with specimens sensitive to water, a test with liquid other than water
should be specified. When designing such a test, the characteristics of heat transfer of the
liquid, which can differ from those of water, shall be considered.

NOTE 3 To assess the applicability of the two-bath method, evaluations from Test Q: Sealing (IEC 60068-2-17) can
be helpful.

The application of Tests N is preferred as part of a sequence of tests. It is possible that some
types of damage will not become apparent by the final measurements of a Test N but will appear
only during subsequent tests.

An|exemplary sequence of tests can be IEC 60068-2-17 Test Q: Sealing, IEC 60068-2-6 \Tlest
Fcy Vibration (sinusoidal), IEC 60068-2-30 Test Db: Damp heat, cyclic (12 h + 12 h eycle] or
IEQ 60068-2-67 Test Cy: Damp heat.

The change of temperature Test Nc (Two-bath method) should not be used as an-alternativg to
Test Q (Sealing).

arg affected by conditions of changing temperature, and their possible failure mechanisns,

WHen specifying a change of temperature test, the properties of the objects under test w};ch
shquld be kept in mind. The initial and the final measurements shauld be specified accordingl

Y.
6 | Initial and final measurements

6.1 General

Tegts Na, Nb and Nc all use the same initial and.final measurements.

6.2 Initial measurements

The¢ specimen shall be visually examihed and electrically and mechanically checked,|as
required by the relevant specification.

6. Final measurements

The¢ specimen shall be yisually examined and electrically and mechanically checked,|as
required by the relevant specification.

7 | Test Na: Rapid change of temperature

71 General description of the test

Thils test determines the ability of components, equipment or other articles to withstand ra

- peetHen aH—be—€ HHRPa eE—SW Re€g ff,
ready for use state, or as otherwise specified in the relevant specification. The specimen is
exposed to rapid changes of temperature in air, or in a suitable inert gas, by alternating

exposure to a low and a high conditioning temperature.

7.2 Testing procedure
7.21 Testing chamber

Two separate chambers (two-chamber method, see Figure 2) or one rapid temperature change
rate chamber (one-chamber method, see Figure 3) can be used. If two chambers are used, one
for the low temperature and one for the high temperature, the location shall be such as to allow
transfer of the specimen from one chamber to the other within the specified time. Either manual
or automatic transfer methods can be used.
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Some two-chamber method systems are known as thermal shock test cabinets. These systems
combine characteristics of two separate test chambers and are equipped with a mobile lifting
cage (applies for horizontal shock test chambers as well) for the automatic transfer of the
specimens from one chamber to another (see Figure 2).

Damper shock test cabinets are another embodiment of a one-chamber test system. These
systems contain two conditioning and one test chamber. The test chamber is alternately
exposed to conditioned air from a hot respectively cold conditioning chamber via air flaps (see
Figure 3). No physical transfer is required and the transfer time ¢, is not applicable, when using

this kind of test systems.

Da
are

of fhree-zone tests, including exposure to ambient air.

NO
sep
tem

Key

[E 1

Damper and basket-type test cabinets are often used for Test Na. Depending on the ‘performance,
hrate chambers or one rapid temperature change rate chamber are often used for Test\Na as well. One r
perature change rate chamber is often used for Test Nb.

mper shock test cabinets with a stationary test chamber, a hot chamber and a cold cham
commonly capable of two-zone tests with hot respectively cold exposure. Some are{capaple

O

N

hot chamber B cold chamber C specimen

mobile cage E stationary test space

IEC

Figure 2 — Schematic representation of examples of thermal test cabinets

and test procedure with two separate test chambers

per

two
hpid
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IEC

hot chamber B cold chamber C specimen

air flaps E stationary test space

Figure 3 — Schematic representation of examples of thermal
test cabinets with one test chamber

e chambers should be capable of maintaining the working space at the required temperatu
br insertion of the test specimens, thextemperature of the test medium shall be within

pach conditioning temperature. The temperature of the test medium refers to the con
sor of the test chamber, if not specified otherwise.

ing to the specimen’s lower,rate of temperature change, its temperature can fall below
v point temperature when,bringing the specimens in the hot test environment (see Figurg
bxposing them to ambient laboratory air (see Figure 5). During the rapid change to the h

temperature Ty or when'transferring the specimens from the cold chamber to the hot chami

colj

NO
pro

De
cof

densation of ambient air humidity should always be taken into consideration.

[E 2 Depending on the heat capacity and mass of the specimen, this phenomenon can be more or
ounced.

humidification during heating phases or compressed air dryers can be used to prev

densation on the specimen’s surface, if necessary.

res.

the

cified tolerance after a time of not mare than 10 % of the exposure time ¢, of the specimen

rol

the
4)
igh
er,

eSS

ent
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Temperature of
the test medium

Temperature

Temperature of
the specimen

7.2,

Th

2

Bew-petnt
\ temperature
Possibility of
condensation

Figure 4 — Possibility of condensation during rapid temperature change

Temperature of
A hot chamber

Temperature of
the specimen

(0]
2
g Tsto -
g' Time
(0]
: N\
: Dew point
Possibility of : temperature
T condensation :
A ]

>

\ Temperature of
cold-eshamber

IEC

Figure 5 — Possibility of condensation during transfer of the specimen

Mounting orisupporting of the test specimen

thermal conduction of the mounting or supports shall be low, such that for pract
pullposes the_specimen is thermally isolated, if not specified otherwise. When testing seve
spgcimens sifMultaneously they shall be so placed that free circulation shall be provig

befween_specimens, and between specimens and chamber surfaces.

7.2.3

Severities

cal
ral
ed

The severity of the test is defined by the combination of the two temperatures, the transfer time,
the exposure time of the specimen and the number of cycles.

The low conditioning temperature T, shall be specified in the relevant specification and shall

be chosen from the test temperatures of either IEC 60068-2-1 or IEC 60068-2-2 or both, if not
specified otherwise.

The high conditioning temperature Tz shall be specified in the relevant specification and shall

be chosen from the test temperatures of either IEC 60068-2-1 or IEC 60068-2-2 or both, if not
specified otherwise.
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The exposure time 74 to each of the two conditioning temperatures depends on the heat capacity

of the specimen. It can be 3 h, 2h, 1 h, 30 min or 10 min, or as specified in the relevant
specification. Where no exposure period is specified in the relevant specification, it is
understood to be 3 h.

NOTE The 10 min exposure time often applies to the testing of small specimens that achieve temperature
stabilization without a significant time lag.

If temperature stabilization of the specimens cannot be achieved within the chosen exposure
time, for example owing to a high heat capacity of the specimens, the severity of the test can
be A . . : A

between the low conditioning temperature 7 and the high conditioning temperature Tg.-Figure 6
prgvides a graphical representation of an increased severity.

i S
Igi e _ .i._a ___________________
TB ——————————————————— -l — ?_——- ——————————
L__ S e SR 42—
® Set point temperature ! I
> of the test medium | |
o) A I B J{ Temperature of
5 the specimen
w 1
©
o Tsto \ ' \ >
o .
IS Time
o
[

Temperature of
the test medium

IEC

Key
A PBtart of first cycle

B pnd of first cycle and-start of second cycle

Figure 6 — Increased severity of Test Na

ThrI decre@sed low conditioning temperature T,y4 and the increased high conditionfing
temperature Tg; should be chosen from the test temperatures of either IEC 60068-2-1| or
IEQ 80068-2-2 or both, if not specified otherwise.

When choosing the increased high conditioning temperature Tg; and the decreased low
conditioning temperature Tp4 the temperature limits of the specimen should be respected to

avoid possible damage caused by the chosen temperature differences, if not specified
otherwise. The chosen conditioning temperatures shall be given in the test report.

The preferred number of test cycles is 5, unless otherwise specified in the relevant specification.

7.2.4 Preconditioning

The specimen and the temperature in the test chamber shall be at the temperature of standard
atmospheric conditions for measurement and test Tgtp, 15 °C to 35 °C. If required by the

relevant specification, the specimen shall be brought into operating conditions.
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7.2.5 Test cycle
a) One-chamber test method

The specimen shall be brought into the test chamber and be exposed to the temperature change
to the low conditioning temperature T, (see Figure 7).

The low conditioning temperature 7, shall be maintained for the specified exposure time ¢,
(see 5.5). t includes an initial time, not longer than 0,1 ¢, for temperature stabilization of the
test medium.

A - -
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= <01 <0,1

< Al R AL IR
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A B —~— Lemperature of
il the specimen
i 1 H
o - i ™~ Temperature of
= €19 the test mediun
o |I'stp e
g ; Time
(0]
-
K(f)
<
Y
T N
A A <011
RSP -
y o ‘ s
First cycle Second cycle

IEC

Figure 7 — Na test cycle, one-chamber method

NOTE 1 The exposure time is measured\from the beginning of change of temperature within the chamber.
Temperature stabilization ofithe specimen (A7) can be achieved in the specified period ¢4 (see
Figure 7), if not specified otherwise. The time required for this is indicated with .
NOTE 2 In some casgs.it/can become necessary to extend ¢, to promote temperature equalization of the specimen

or tp initiate a certain relaxation process.

The¢ specimén—shall then be exposed to the temperature change to the high conditionjing
temperature 7.

Thehigh conditioning temperature Ty shall be maintained for the specified exposure time ¢4 #4
includes an initial time, not longer than 0,1 ¢4 for temperature stabilization of the test medium.

Temperature stabilization of the specimen (A7) can be achieved in the specified period ¢ (see
Figure 7), if not specified otherwise. The time required for this is indicated with .

NOTE 3 In some cases it can become necessary to extend ¢, to promote temperature equalization of the specimen
or to initiate a certain relaxation process.

For the next cycle the specimen shall be exposed to the low conditioning temperature Tx.

One cycle comprises the exposure time ¢, to both conditioning temperatures. At the end of the
last cycle, the specimen shall be subjected to the recovery procedure (see 7.3).
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NOTE 4 There are no transfer times required for the one-chamber test method.

b)

Two-chamber test method

The test specimen shall be brought into the cold chamber and be exposed to the low
conditioning temperature T,.

The low conditioning temperature 7, shall be maintained for the specified exposure time t,
(see 5.5). 4 includes an initial time, not longer than 0,1 ¢, for temperature stabilization of the

air

temperature in the chamber (see Figure 8).
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The specimen shall then be brought into the hot chamber in a transfef:time ¢,, which should

be

Thi
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lab)
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incr|

The high conditioning temperature Ty shall .be maintained for the specified exposure time z,|.

inc

in the chamber.
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[E 5 The exposure time is measured from the moment of insertion of the specimen into the chamber.
perature stabilization of the specimen (AT) can be achieved in the specified periog

Figure 8), if not specified otherwise. The time required for this is indicated with7,.

[E 6 In some cases it can become necessary to extend 7, to promote temperature equajization of the speci
b initiate a certain relaxation process.

more than 3 min, and be exposed to the high conditioning temperature Tg.

e transfer time ¢, shall include the time needed for the removal from one chamber and

ertion into the second chamber as well as any dwell time at the ambient temperature of
pratory.

[E 7 For specimens with a large mass or geometry, thé& transfer time from one chamber to another carj
pased as specified in the relevant standard or specification (see 5.6).

udes an initial time, not longer than 0,1 #4, for temperature stabilization of the air temperat

[E 8 The exposure time is measured:from the moment of insertion of the specimen into the chamber.

perature stabilization ,ofithe specimen (AT) can be achieved in the specified periog
Figure 8), if not specified otherwise. The time required for this is indicated with .

[E 9 In some casestit/can become necessary to extend ¢, to promote temperature equalization of the speci
initiate a certain relaxation process.

the next.¢ycle the specimen shall be brought into the cold chamber in a transfer time
ch sheuld not be more than 3 min, and be exposed to the low conditioning temperature

nen

hot

the
the

be

nen

NO

[ENT0  For specimens with a large mass or geometry, the transfer time from one chamber to another car

be

increased as specified in the relevant standard or specification (see 5.6).

One cycle comprises the exposure time 7, to both conditioning temperatures and the two
transfer times ¢, (see Figure 8). At the end of the last cycle, the specimen shall be subjected to

the

recovery procedure (see 7.3).
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Figure 8 — Na test cycle, two-chamber method

Recovery

the end of the test cycle, the specimen shall be brought to the temperature of stand

ard

atmospheric conditions for measurement and’test Tq1p, 15 °C to 35 °C. It is recommended that

the)

othlerwise.

If t
low

15

his is not possible or specified otherwise, the temperature in the test chamber shall

°C to 35°C. It is recommended that the temperature be lowered to that of stand

atmospheric conditions within the specified period ¢4, if not specified otherwise.

NO
of t

Thy

e test can be seen-as temperature storage, which can cause unintended damages to the specimen.

me|

b specimeq shall remain at the temperature of standard atmospheric conditions
surement and test T'gp, 15 °C to 35 °C, for testing for a period adequate for the attainm

of femperature stability. The relevant specification should specify a specific recovery period
a giiven’type of specimen.

specimen be brought to this temperature within the specified period ¢, if not specified

be

ered to the temperature of standard atmospheric conditions for measurement and test T'qrp,

ard

[E Keeping the specimen exposed to the high conditioning temperature for an extended time after complefion

for
ent

for

8

8.1

Test Nb: Change of temperature with specified rate of change

General description of the test

This test determines the ability of components, equipment, or other articles to withstand or

fun

ction, or both, during changes of ambient temperature.

The specimen shall be either in the unpacked, switched-off, ready for use state, or as otherwise
specified in the relevant specification.
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The specimen is exposed to changes of temperature in air by exposure in a chamber to specified
temperatures varied at a controlled rate. During this exposure the performance of the specimen
should be monitored.

8.2 Testing procedure
8.21 Testing chamber

The chamber for this test shall be designed so that in the working space, where the specimen
under test is placed, a temperature cycle can be performed in such a manner that

a) [the low temperature required for the test can be maintained,
b) |the high temperature required for the test can be maintained,
c) [the temperature change required for the test from low temperature to high temperaturg or
vice versa can be performed at the required rate of change.

8.2.2 Mounting or supporting structure of the test specimen

The¢ thermal conduction of the mounting or supporting structure shall .bé low, such that|for
practical purposes the specimen is thermally isolated, if not specified-otherwise. When tesfing
seyeral specimens simultaneously they shall be so placed thatcfree circulation is provided
between the specimens, and between the specimens and chambeérsurfaces.

8.2.3 Severities

The severity of the test is defined by the combination of the two temperatures, the ratg of
temperature change, the exposure time of the specitmen and the number of cycles. The sevefity
of {he test will increase with an increase in the temperature difference, the increase in ratg of
tempperature change, and the heat transfer to the'specimen.

The low conditioning temperature T, shalkbe specified in the relevant specification and shopuld
be |chosen from the test temperatures offlEC 60068-2-1 and IEC 60068-2-2.

The high conditioning temperaturg Ty shall be specified in the relevant specification and should
be |chosen from the test temperatures of IEC 60068-2-1 and IEC 60068-2-2.

The rate of temperature change rate d7g shall be specified in the relevant specificatipn.
Example rates are asfollows, if not specified otherwise:

— |1 K/min,
— |3 K/min,
— |5 K/miny
- [10 K/min,
— U5 K/min,
— 20 K/min,
— 25 K/min.

NOTE Temperature change rates > 15 K/min can result in severe testing conditions.

The exposure time to each of the two temperatures ¢, depends upon the heat capacity and the
mass of the specimen. It can be 3 h, 2 h, 1 h, 30 min, or 10 min, or as specified in the relevant
specification. Where no exposure period is specified in the relevant specification it is
understood to be 3 h.

The specimen shall be subjected to two consecutive cycles, unless otherwise specified in the
relevant specification.
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8.2.4 Tolerance

Tole

rances shall be specified in the relevant specification. If there are no tolerances specified,

the following tolerances shall apply.

The

calculation of the applicable temperature tolerance +o¢ during the temperature transition

depends on the temperature change rate d7g and temperature difference D.

The
+0-

spgcified otherwise. The value oy 4 shall be calculated by using the température differenc
multiplied with an adjustment factor of 0,075. The value to7 5 shall be calculated by dsing
perature change rate d7gx multiplied with a time constant of £1 min.

te

The

applicable temperature tolerance of the medium temperature during temperature transition
+ + if not

the

following applies:
to1 =+or1=+Dx0,075 for torq>tor, or
+o7 = to75 = +dTg x (1min) for torq <to7y

Anpex C shows an auxiliary table with temperature tolerances for preferred combinationg of

high

The

and low conditioning temperatures and rates of temperature change.

applicable temperature tolerance *oy. ¢t Of the'medium temperature during the constant

conditioning shall respectively be taken from IEC;60068-2-1 and IEC 60068-2-2, if not specified

othle

NOTE 1 The constant conditioning temperatureperiods can be seen as phases of temperature storage.

rwise.

NOTE 2 For large test chambers the tolerances *oy . during the constant conditioning can differ, refef to

IEC|60068-2-1 and IEC 60068-2-2.

The

negessary.

ThL
dif

from the start of\the constant temperature conditioning period.

relevant specification .can call for tighter tolerances under special circumstances| if

tolerance +o is~applied during transition starting from 10 % to 90 % of the temperatpre
rence D. The tolerance to7 4.t is applied after 0,1 ¢4 but at least 5 min and at most 15 min

For the period 0,1 7 at the beginning of each constant temperature conditioning as well ag at

thel beginning and end of each transition no tolerance is specified, as indicated by the hatched
ardas.in Figure 9. For better understanding of the periods with and without applicable toleran

e,

see

Figure 9. The tolerances apply to the temperature as measured by the chamber control

sensor.
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Figure 9 — Tolerance for fluctuation ofjtest temperatures

.5 Preconditioning

at
re

8.3

Thi
Tp

Aft
the

Thi
Tg

Aft

ospheric conditions for measurement and test Tqrp, 15 °C to 35 °C. If required by
vant specification the specimen shall be brought into operating conditions.

Th’_{ specimen and the temperature in the test‘chamber shall be at the temperature of stand
I

Test cycle

b air temperature in the chamber shall then be lowered to the low conditioning temperat
at the specified rate dTx(see Figure 10).

br temperature stability in the chamber has been reached, the specimen shall be exposeq
temperature T for the specified exposure time .

b air temperature in the chamber shall then be raised to the high conditioning temperat
at the specified rate d7g.

brdemperature stability in the chamber has been reached, the specimen shall be exposeq

ard
the

Lire

to

to

th

tamnerature-7- for tha esnecified exnosure-timae ¢
P8 atoFe—+g o te-SPe86Hea—8xPosSHreHRe+ -

The air temperature in the chamber shall then be lowered to the temperature of standard
atmospheric conditions for measurement and test Tgtp, 15 °C to 35 °C, at the specified rate

dTg.

Thi

s procedure constitutes one cycle.
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Figure 10 — Nb test cycle

To|limit the impact of the heat generating specimen on the test severity it is recommende( to
pefform functional checks only during constant temperature phases of each test, if not specified
othlerwise. Continuous operation of specimen can prevent temperature equalization of the inper
paits of these specimens during cooling. The designated titme’ frames are shown in Figure [11,
thely should be limited to 90 % of the exposure time ¢4, if not\specified otherwise. The designa’Led

time frame for functional tests should start after 0,1 £ but at least 5 min and at most 15 min

from the start of the constant temperature conditioning period, for temperature stabilization of
thel medium temperature in the chamber, if not specified otherwise.
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Functional checks and/or
g operatien of specimen
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IS Time
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TA ————————————
0,9 14
\

First cycle
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Figure 11 — Test times for intermediate operation of specimens

8.4 Recovery

At the end of the test cycle, the specimen shall remain at the temperature of standard
atmospheric conditions for measurement and test T'gtp, 15 °C to 35 °C, for testing for a period

adequate for the attainment of temperature stability.

The relevant specification should specify a specific recovery period for a given type of specimen.
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9 Test Nc: Rapid change of temperature, two-fluid-bath method

9.1 General description of the test

This test determines the ability of components, equipment, or other articles to withstand rapid
changes of temperature.

This test procedure results in a severe thermal shock and is applicable to glass-metal seals and
similar specimens.

The¢ specimen is immersed alternately in two baths, one filled with liquid at a low temperatpre
T fand one filled with liquid at a high temperature Tg.

9. Testing procedure
9.21 Testing equipment

Twp baths, one at low temperature and one at high temperature, shall be provided in such a
way that the specimen under test can be easily immersed and be quicKly transferred from gne
bath to the other.

The low temperature bath shall contain liquid at the low conditioning temperature T, statedq in

the| relevant specification. If no temperature is stated, the\liquid shall have a temperaturq of
0 °C.

by the relevant specification. If no temperature is'stated, the liquid shall have a temperature of

ThI bath for the high temperature shall contain liquid/at the upper temperature Ty as requifed
+100 °C.

The baths shall be so constructed that at no moment during the test shall the temperaturg of
thef cold bath rise more than 2 K above> 7, or the temperature of the hot bath fall more than p K

below Tg.

Thf] liquids used for the test(shall be compatible with the materials and finishes used in the
majnufacture of the specimens.

NOTE The rate of heat transfer will depend upon the liquids used and will affect the severity of the test for a given
temperature range.

9.2.2 Severities

The severity of the test is defined by the specified bath temperatures, the transfer time ¢, from

ong bath,to the other and the number of cycles. The severity of the test will increase with|an
incfease in the temperature difference, the reduction of the transfer time, and the heat trangfer

to the O'JUU;IIIUII.

The relevant specification shall specify the duration parameters to be used and the chosen
value of the exposure time ¢, to both conditioning temperatures.

The number of test cycles is 10, unless otherwise specified in the relevant specification.

9.2.3 Conditioning

The specimen under test shall not be in operation during immersion. It shall be switched off and
its movable parts shall be at rest, if not specified otherwise.
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9.3 Test cycle

The specimen under test, while being at the ambient temperature of the laboratory, shall be
immersed into the cold bath containing liquid at the low conditioning temperature T as stated

in the relevant specification.

The specimen shall be maintained immersed in the cold bath for the specified exposure time ¢,.

The specimen shall then be removed from the cold bath and immersed in the hot bath containing
liquid at the high conditioning temperature 7o as stated in the relevant specification. The

transfer time ¢, shall be as stated in the relevant specification.

Thé¢ specimen shall be maintained immersed in the hot bath for the specified exposure time

~
-

The specimen shall then be removed from the hot bath. The transfer time 7,{between remgval

from the hot bath and immersion in the cold bath shall be as specified in the relevant
spégcification.

Ong cycle comprises the exposure times 7 to both conditioning témperatures and the trangfer
time ¢, (see Figure 12).

At the end of the last cycle, the specimen shall be subjected to the recovery procedure.
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Figure 12 — Nc test cycle

9.4 Recovery

At the end of the test cycle, the specimen shall be subjected to the temperature of standard
atmospheric conditions for measurement and test Tgtp, 15 °C to 35 °C. Droplets of liquid shall

be removed. If cleaning is necessary, then the method shall be defined by the relevant
specification.

The relevant specification should specify a specific recovery period for a given type of specimen.
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10 Information to be given in the test report

As a minimum, the test report shall show the following information:

a)
b)

c)
d)

Customer
Test laboratory

Test dates
Type of test

(name and address);

(name and address and details of
accreditation — if any);

(dates when test was run);
(Na, Nb, Nc);

Test standard, edition
Test specimen description
Test chamber identity

Test set-up

Initial, intermediate and final
measurements

Required severities
Test severities

Performance of test specimens

Observations during testing and
actions taken

Test results

(IEC 60068-2-14, edition used);
(drawing, photo, quantity build status)-efc.

(unique identity of the chamber, .9
internal Laboratory Identification
number/code);

(details of mounting and_ supports,
measuring points,

test medium, etc.);

(if performed by the)test laboratory);

(from relevantispecification);

(preconditioning, temperatures, duration o
exposure, data, etc.);

(ressults of functional tests, etc.);
(any pertinent observations);

(test summary, e.g. pass/fail decision).

In addition to the mandatory information the test report can include, for example:

(0]

Purpose of test
Relevant laboratorytest procedure
Performance ofest apparatus

Air velocity. or direction or both
Uncertainties of chamber independent

measuring system
Calibration data

(development, qualification, etc.);
(code and issue);

(set point temperature control, air flow,
etc.);

(air velocity or direction of incident air to
the specimen or both);

(uncertainties data);

(last and next due date);

f

| W] 4 1 PUH al :
WVITAOSUTTITITITIS Ul TUaQulTty Uurimry

conditioning or both;

Any deviation in procedure as agreed
between customer and supplier

(test set-up, applicable severities, etc.).

A test log should be written for the testing which can be attached to the report.

IEC 60068-2-14:2023 © |IEC 2023
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Annex A
(informative)

Potential consequences of improper severities

Accelerated temperature stress tests are an important aspect to evaluate the reliability of
products and components over their entire life cycle. Complex geometries and differing

materials cause mechanical stress within the specimens during cyclic temperature tests.

temperatures will not be reached in accelerated temperature tests. Figure"'A.1 gives a graph
display of this process.

the

bes
ith

cal

NOTE It is common practice to examine the sample in advance to identify\ those parts that affect the glow
temperature change of the sample. The results of the analysis can then be considered in the stabilization time of| the

sanjple.

For this reason, the monitoring of the temperature of the*specimens at a representative pq

(or|points) is recommended.
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Figure A.1 — Delayed temperature change of the specimen
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Annex B
(informative)

Thermal responsiveness of different materials and geometries

The specimen’s characteristics, such as its thermal conductivity, its specific heat capacity as
well as its mass and geometry can have a significant effect on the thermal responsiveness of
the specimen. The rate of temperature change of the specimen during temperature stress tests
is highly affected by its thermal responsiveness.

Sm
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wit
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Spé
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fur

all specimens with low specific heat capacity, as well as specimen with a proportionally-ta
face, will quickly respond to temperature changes of the ambient medium. Big specim
N higher specific heat capacity, as well as specimens with a rather small surface will resp
N a significant time lag and lower rates of changes. Figure B.1 gives. & graph
resentation of the process described above. The figure shows exemplarny temperat
files of specimens with differing thermal responsiveness (C to E).

e specimen with high thermal responsiveness (C) responds almost immediately to the rise
bient air temperature (B), whereas both specimens with lower(thermal responsiven
and E) show an increasing time lag.

specimens as seen within the cylindric specimen made of plastic. These can prevent
cimen’s core temperature from temperature equalization. This effect can be amplified
cimens with high masses.

se characteristics are unknown, their experimental determination is recommended.

A
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-
o
o

dnd

bse characteristics shall be taken into considération when specifying any test parameters.
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thermore, low thermal conductivities can lead to non-uniform temperature changes within

the
in

If
For

her information on the thermal responsiveness of specimens IEC 60068-3-1 can be helpful.
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set point test temperature

air temperature within test chamber

specimen with high thermal responsiveness
specimen with medium thermal responsiveness
specimen with low thermal responsiveness

Figure B.1 — Rate of temperature change of specimen
with differing thermal responsiveness
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Annex C
(normative)

Auxiliary table with exemplary temperature tolerances to; for preferred
combinations of high and low conditioning temperatures and rates of
temperature change (Test Nb)

Tolerances shall be specified in the relevant specification. If there are no tolerances specified,
the following tolerances shall apply.

The calculation of the applicable temperature tolerance o7 during the temperature transitlion
depends on the temperature change rate and temperature difference D.

Th¢ applicable temperature tolerance of the medium temperature during temperature transiﬂion
tot shall be selected from the larger of the two calculated values oy 1 and g if not specified
othlerwise.

The value o7 ¢ shall be calculated by using the temperature differéace D multiplied withfan
adjustment factor of 0,075. The value t o+ , shall be calculated by(using the temperature change

rate d7r multiplied with a time constant of 1 min.

The following applies:

iO'T = iO’T‘1 = iDX0,075 Mor iO’T,»] > iUT,Z (C 1)

iO’T = iUT,Z =% idTR X (1 mln) , for iO‘T‘1 < iJT,Z (C 2)

For a better understanding;the following example and Figure C.1 show the applicable tolerance
for| exemplary test parameters. Additionally, Table C.1 gives an overview of applicable
tolgrances for preferred - combinations of high and low conditioning temperatures as well| as
rates of temperature change d7g.

NOTE For large ‘test chambers the tolerances o

Teonst dUring the constant conditioning can differ, refe[ to
IEC|60068-21 and IEC 60068-2-2.

EXAMPLE

T, +=55"°C

Ty =85°C

d7g = 3 K/min

+or1=+D x 0,075 = +(85°C - (-55°C))x0,075 = £140Kx0,075 = +10,5K (C.3)

to7 9 =+d7R x (1min) = £3 K/minx (1min) = 3 K (C.4)
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tory >t01y  —top = tory =£10,5K

(C.5)

Femperature—(C)

Tstp

Temperature of
the test medium

<6 min
but>5min

|

A

No tolerance specified
in hatched areas

First cycle Second cycle

Figure C.1 — Tolerance for fluctuation of test temperatures
for exemplary test parameters
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ESSAIS D'ENVIRONNEMENT -

Partie 2-14: Essais — Essai N: Variation de température

AVANT-FROFOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation”8ompo
He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation dans leS) domaines|
‘électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normgshinternation
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au.public (PAS) et
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des cemités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I'lEC,‘participent également
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conformité de I'lEC. L'IEC n'est responsable,d'aucun des services effectués par les organismes de certifical
ndépendants.
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L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 60068-2-14 a été établie par le comité d'études 104 de I'lEC: Conditions, classification et
essais d'environnement. Il s'agit d'une Norme internationale.

Cette septiéme édition annule et remplace la sixieme édition parue en 2009. Cette édition
constitue une révision technique.


https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

IEC 60068-2-14:2023 © |IEC 2023 -39 -

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
a) mise a jour des figures a des fins de clarification;

b) mise a jour des températures et des sévérités des spécimens, ainsi que des tolérances sur
les essais de variation de température;

c) révision des exigences normalisées pour les rapports d'essai des Essais Na et Nb.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
104/991/FDIS 104/1016/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information surJe vote aypnt
abguti a I'approbation de cette norme.

La[langue employée pour I'élaboration de cette Norme internationale est-l'anglais.

Ce|document a été rédigé selon les Directives ISO/IEC, Partie 2(ilya été développé selon |les
Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles s¢us
www.iec.ch/members_experts/refdocs. Les principaux types‘de documents développés par
I'IEIC sont décrits plus en détail sous www.iec.ch/publications:

Ung liste de toutes les parties de la série IEC 60068, publiées sous le titre général Esdais
d'epvironnement, se trouve sur le site web de I'lEC;

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabiflité
indjquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au documgnt
recherché. A cette date, le document sera

¢ [reconduit,
e |supprimé,
e |[remplacé par une éditionrévisée, ou

e |amendé.
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INTRODUCTION

L'objet d'un essai de variation de température est de déterminer les effets d'une variation de
température ou d'une succession de variations de température sur le spécimen.

Il n'a pas pour objet de mettre en évidence les effets causés par une exposition a basse ou a
haute température. Dans ce cas, il convient d'utiliser I'essai de froid ou I'essai de chaleur séche,
comme cela est spécifié dans I'lEC 60068-2-1 et I'lEC 60068-2-2 respectivement.

L'effet-des-essais—de-variation-de fnmpérchlrn ost détermind pak:

— |les valeurs respectives des températures d'épreuve haute et basse entre lesquelles doit
étre effectuée la variation;

— |les durées pendant lesquelles le spécimen d'essai est maintenu a ces températures;
— |la vitesse de variation entre ces températures;

— |le nombre de cycles de I'épreuve;

— |la quantité de chaleur transférée par le spécimen vers le milieu ambiant ou inversement,
— |la conduction thermique et les matériaux du spécimen;
— |la vitesse de variation de la température a la surface du spécimen (respectivement dans|les
positions adaptées) ou dans son noyau.

Leg recommandations pour le choix des parameétres dlessai appropriés a inclure dans| la
spécification particuliére sont données dans I'ensemble du présent document.



https://iecnorm.com/api/?name=dbd56d3d0cbb08b107cb70ba789f5a6c

IEC 60068-2-14:2023 © |IEC 2023 - 41 -

ESSAIS D'ENVIRONNEMENT -

Partie 2-14: Essais — Essai N: Variation de température

1 Domaine d'application

Lerresent document établit Tes essais de variations de Ta température ambiante spécifiéeppur
analyser leurs impacts sur les spécimens.

2 | Références normatives

Leg documents suivants sont cités dans le texte de sorte qu'ils constituentpour tout ou paftie
de|leur contenu, des exigences du présent document. Pour les références datées, selule
I'égition citée s'applique. Pour les références non datées, la derniérecédition du document|de
réference s'applique (y compris les éventuels amendements).

IEQ 60068-2-1, Essais d'environnement — Partie 2-1: Essais —Essai A: Froid

IEG 60068-2-2, Essais d'environnement — Partie 2-2: Essais— Essai B: Chaleur séche

3 | Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60068-2-1 et|de
I'IEIC 60068-2-2 s'appliquent.

L'I$O et I'IEC tiennent a jour des basgs de données terminologiques destinées a étre utilis¢es
en [hormalisation, consultables aux adresses suivantes:

e |IEC Electropedia: disponible-a I'adresse https://www.electropedia.org/
e |[ISO Online browsing platform: disponible a I'adresse https://www.iso.org/obp
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4 Symboles
différence entre la température d'épreuve haute Ty et la température d'épreuve
D basse Tp
Th température d'épreuve basse
Tag température d'épreuve basse diminuée
Tg température d'épreuve haute
Tgi température d'épreuve haute augmentée

température des conditions atmosphériques normales de mesure et“d'essai
Tsto | (15°C a 35 °C)

différence de température entre le spécimen et le milieu d'essai (l'air, ppr

s exemple)
d7g vitesse de variation de la température (Essai Nb)
tg temps de stabilisation en température du spécimen
temps de stabilisation en température du spécimen pendant le premier cycle, ¢n
lgr partant de la température ambiante du laboratgire
1 durée d'exposition du spécimen a chaque température d'épreuve
temps de transfert du spécimen d'uneichambre d'essai a une autre (méthode|a
2 deux chambres d'essai)
. tolérance sur la température applicable pour la température du milieu pendant|la
=T transition de température (Essai;Nb)

" tolérance sur la température applicable pour la température du milieu pendant|la
[~ Tconst periode d'épreuve a tempeérature constante

5 | Généralités
5.1 Conditions réelles de variation de température

de température. les parties situées a l'intérieur d'un équipement sont soumises a des variatipns
de température-plus lentes que celles situées sur une surface extérieure, lorsque lI'équipement
n'ept pas sous tension.

Daps les équipements et composants électroniques, il se produit habituellement des variat{ns

Deg-variations rapides de température peuvent se produire:

lorsque l'équipement est transporté d'un environnement chaud a l'intérieur vers un
environnement froid a |'extérieur, ou inversement;

lorsque I'équipement est brusquement refroidi par la pluie ou par immersion dans I'eau
froide;

lorsque I'équipement est fixé ou placé a proximité de composants qui produisent
d'importantes contraintes thermiques (moteurs a combustion, unités centrales, par
exemple);

lorsque I'équipement est refroidi ou réchauffé artificiellement;

dans un équipement aéroporté, situé a I'extérieur de I'aéronef, ou lorsque I'équipement est
situé dans un aéronef non chauffé ou dans une soute;

dans certaines conditions de transport et de stockage.
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Les composants sont soumis a des contraintes dues aux variations de température lorsque des
gradients de haute température se produisent a I'intérieur d'un équipement aprés sa mise sous
tension. Par exemple, a proximité de résistances de puissance élevée, les rayonnements
peuvent provoquer un échauffement a la surface sur les composants situés a proximité alors
que d'autres parties de ces composants demeurent froides.

Les composants refroidis artificiellement peuvent étre soumis a des variations rapides de
température lorsque le systeme de refroidissement est mis sous tension. Des variations rapides
de température dans les composants peuvent également se produire pendant les étapes de la
fabrication ou le transport des équipements. Le nombre et I'amplitude des variations de
P ” 4 L e ettt ; taorri ont

(od du spécimen) sont des éléments importants.

5.2l Conception des essais de variation de température

Leg Essais Na, Nb et Nc de variation de température comprennent des périodes-alternées|de
températures haute et basse, avec des transferts bien définis d'une température a l'autre.|La
vatjiation de la température ambiante du laboratoire jusqu'a la premiére température d'épreuje,
puis jusqu'a la deuxieme température d'épreuve, avec retour a la tempé€rature ambiante|du
labpratoire, est considérée comme un cycle d'essai.

5.3 Parameétres d'essai

Leg paramétres d'essai suivants sont utilisés:

— |conditions ambiantes du laboratoire (principalement la température et I'humidité);
— [température d'épreuve haute Tg;

— [température d'épreuve haute augmentée Ig;;fe cas échéant;

— [température d'épreuve basse Ty;

— [température d'épreuve basse diminuge T4, le cas échéant;

— |durée d'exposition ¢, du spécimen‘a chaque température d'épreuve;

— [temps de transfert ¢, ou vitesse de variation de la température dTg;

— |nombre de cycles d'essaij.

Etgdnt donné que ces e£%sdis ont pour objet de valider les effets des variations de températlire
suil le spécimen, il convient de toujours prendre en compte les caractéristiques du spécinpen
(sauf spécification_contraire):

— |la réactivité_thermique du spécimen dans les zones concernées ou le noyau;
e |a_conductivité thermique;

¢ 7/ la/capacité thermique massique;

— la géométrie;
— la masse.

La détermination expérimentale de ces caractéristiques est recommandée, si celles-ci ne sont
pas connues et sauf spécification contraire.

L'essai est accéléré, car le nombre de variations de température sévéres sur une période
donnée est supérieur a celui rencontré en conditions réelles.
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Les températures d'épreuve basse et haute sont définies comme étant les températures
ambiantes que la plupart des spécimens atteignent avec un certain temps de retard. Il est
recommandé de tenir compte des caractéristiques du spécimen lors de la spécification de
I'essai. L'Annexe A fournit des informations supplémentaires concernant les conséquences
potentielles de sévérités incorrectes.

Dans des cas exceptionnels uniquement, il convient de spécifier ces températures en dehors
de la plage normale de températures de stockage ou de fonctionnement de I'objet d'essai.

NOTE Siles caracterlsthues du spemmen (masse masse vqumlque geometrle) empechent d'atteindre la vitesse
de dIIdI.IUII D}JUUIIIUU IUb lUIII}JUIdLUIUD pUuVUIIl ULIU bpcblllccb CIl UUIIUID UU Id plagc IIUIIIIGIU UU LUIIIPUIGLUIC de
stogkage ou de fonctionnement pour augmenter la sévérité de I'essai prévu, sauf spécification contraire.

5.4 Objet et choix des essais
Leg essais de variation de température sont recommandés dans les cas suivants:

— |vérification des performances électriques aprés un nombre spécifié de variations rapigles
de température, Essai Na ou Essai Nc;

— |vérification de I'aptitude des composants mécaniques, des matériaux et des combinais¢ns
de matériaux a supporter des variations rapides de température;"Essai Na ou Essai Nc;

— |vérification de l'aptitude de la construction des composants™a supporter des contraintes
artificielles, Essai Na ou Essai Nc;

— |vérification des performances électriques a la suiteN\d'une variation de températdre,
Essai Nb;

— |vérification des performances mécaniques a 4aysuite d'une variation de températdre,
Essai Nb.

Les essais de variation de température spécifiés dans la série IEC 60068 n'ont pas pour objet
d'éjaluer les différences au niveau des.‘Constantes du matériau ou des performanges
élegtriques lors d'un fonctionnement sous'les températures d'épreuve T, et Tg.

5.5 Choix de la durée d'exposition a chaque température d'épreuve

Il convient de définir la durée ‘d'exposition conformément aux exigences du 7.2.3, du 8.2.3|ou
du[9.2.2 ou, comme cela estiindiqué dans la spécification pertinente, en gardant a I'esprit|les
éléments suivants:

a) [L'exposition démarte dés que le spécimen se trouve dans le nouvel environnement.
b) |La stabilisation se produit lorsque la différence de température entre le spécimen et le mi:lieu

d'essai (ATg)\est inférieure ou égale a 5 K, ou comme cela est indiqué dans la spécificafion
d'essai ke temps de stabilisation en température du spécimen ¢, commence au début|de

I'expasiiion et se termine au moment ou la température se situe dans les limites dg la
difference spécifiée. Un ou plusieurs points représentatifs sur le spécimen peuvent &tre
utilisés pour procéder a ce mesurage.

c) La durée d'exposition ¢4 du spécimen a chaque température d'épreuve doit étre plus longue
que le temps de stabilisation en température du spécimen t,. La Figure 1 fournit une

représentation graphique du processus. Il est possible que cela ne soit pas approprié pour
les spécimens générateurs de chaleur.
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du spécimen 5

Température

Température l

TA L

Temps M

Figure 1 — Détermination de la durée d'exposition 7; du spécimen
a chaque température d'épreuve

5.6 Choix de la durée du temps de transfert 7,

Si,|en raison des grandes dimensions des spécimens, par exemple, le temps de transfert 15| ne

peut pas étre effectué en 3 min, le temps de transfert-peut étre augmenté sans influepce
sighificative sur les résultats d'essai, comme suit:

ty < 0,05 ig

Cela s'applique pour la méthode d'essai‘a deux chambres (voir 7.2.1) uniquement. Si la
méthode d'essai a une chambre est utilisée, la période ¢, ne s'applique pas.

5.7 Limites d'applicabilité des essais de variation de température

A llintérieur d'un spécimen, Ja vitesse de variation de la température dépend de la conduction
thermique de ses matériadx;'de la distribution spatiale de sa capacité thermique, ainsi que|de
seg dimensions et de sa‘surface. Un ou plusieurs points représentatifs sur le spécimen (o a
I'inférieur du spécimeén)* peuvent étre utilisés pour mesurer les vitesses de variation dq la
température.

NOTE 1 La vitesse'de variation de la température des spécimens de matériaux et de masse identiques peut vgrier
si lqurs surfages‘sont différentes.

La jvarigtion de la température en un point sur la surface d'un spécimen suit approximativemgnt

¢ ns
exponen 3 DOt dy 3¢ ariatio d 5 B et
approximativement sinusoidales d'amplitudes beaucoup plus faibles que les variations de
température appliquées. L'Annexe B fournit des informations supplémentaires concernant la
réactivité thermique des différents matériaux et des différentes géométries.

Il convient de prendre en compte le mécanisme de transmission thermique entre le spécimen
d'essai et le milieu d'épreuve dans la chambre ou le bain. Les liquides en mouvement
conduisent a des vitesses de variation de température trés élevées a la surface des spécimens
et I'air calme a des vitesses trés faibles.

NOTE 2 Si plusieurs spécimens sont soumis a I'essai dans la méme chambre d'essai, la circulation uniforme de
I'air pénétrant peut étre perturbée. Pour plus d'informations sur la relation entre la circulation d'air et la température
des spécimens, I'lEC 60068-3-1 peut étre pertinente.
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Il convient de réserver la méthode a deux bains d'eau comme milieu d'épreuve (Essai Nc) aux
spécimens scellés ou, par leur nature, insensibles a l'eau, car leurs performances et leurs
propriétés peuvent se détériorer sous l'effet de I'immersion.

Dans des cas particuliers, comme avec des spécimens sensibles a I'eau, il convient de spécifier
un essai avec un autre liquide que l'eau. Lors de la conception d'un tel essai, les
caractéristiques de transmission thermique du liquide, qui peuvent différer de celles de I'eau,
doivent étre prises en compte.

NOTE 3 Pour évaluer I'applicabilité de la méthode a deux bains, les évaluations de I'Essai Q: Etanchéité
(IEC GGGUG'2'17’ pUuVUIIt étlc }JUIt;IIUIItUD.

L'application des Essais N est privilégiée dans le cadre d'une séquence d'essais. |l est.passiple
que certains types de dommages n'apparaissent pas au cours des mesurages finaux d'un
Ess$ai N, mais qu'ils apparaissent seulement au cours des essais ultérieurs.

Paf exemple, la séquence d'essais peut étre la suivante: Essai Qbx-Etanchéité |de
I''EIC 60068-2-17, Essai Fc: Vibrations (sinusoidales) de I'lEC 60068-2-6, de I'Essai Db: Egsai
cydlique de chaleur humide (cycle de 12 h + 12 h) de I'lEC 60068-2-30,0u Essai Cy: Chalpur
humide de I'lEC 60068-2-67.

Il donvient de ne pas utiliser I'Essai Nc de variation de tempgérature (Méthode a deux baips)
corhme variante de I'Essai Q (Etanchéité).

Lonsqu'un essai de variation de température est spécifi@, il convient de garder a l'esprit |les
caractéristiques des objets soumis a I'essai qui sont-altérés par les conditions de variation|de
tenppérature ainsi que leurs mécanismes de défaillance éventuels. Il convient de spécifier |les
mepures initiales et finales en conséquence.

6 | Mesures initiales et finales

6.1 Généralités

Leg Essais Na, Nb et Nc utilisent\tous les mémes mesures initiales et finales.

6.2 Mesures initiales

Le | spécimen doit étre* examiné visuellement et soumis aux vérifications électriques| et
mécaniques exigées.dans la spécification pertinente.

6.3 Mesutes finales

Le | spécimen doit étre examiné visuellement et soumis aux vérifications électriques| et
mécaniques exigées dans la spécification pertinente.

7 Essai Na: Variations rapides de température

7.1 Description générale de I'essai

Cet essai détermine I'aptitude des composants, équipements ou autres articles a supporter des
variations rapides de la température ambiante. Les durées d'exposition adéquates a appliquer
sont déterminées par la nature du spécimen. Le spécimen doit étre soumis a I'essai, soit non
emballé, sans application de tension, prét a étre utilisé, soit selon les exigences de la
spécification correspondante si celles-ci difféerent. Le spécimen est soumis a des variations
rapides de température dans l'air ou dans un gaz inerte adapté, par une exposition alternée a
une température d'épreuve basse et une température d'épreuve haute.
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7.2

Procédure d'essai

7.2.1 Chambre d'essai

Deux chambres distinctes (méthode a deux chambres, voir Figure 2) ou une chambre pour
vitesse rapide de variation de température (méthode a une chambre, voir Figure 3) peuvent
étre utilisées. Si deux chambres sont utilisées, I'une a basse température et I'autre a haute
température, leur emplacement doit permettre le transfert du spécimen d'une chambre a l'autre
pendant la durée spécifiee. Une méthode de transfert manuelle ou automatique peut étre
utilisée.

Ceftains systémes adaptés pour la méthode a deux chambres sont appelés enceintes d'egsai
de chocs thermiques. Ces systémes combinent les caractéristiques des deux chambres'd egsai

dis

d'epsai de chocs horizontales) pour le transfert automatique des spécimens d'une ehambr

I'al

Les

tre (voir Figure 2).

inctes et sont équipés d'une cage de levage mobile (s'applique également aux chambfes

a

enceintes d'essai de chocs d'amortissement constituent un autre type de systéme d'egsai
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Figure 2 — Représentation schématique d'exemples d'enceintes d'essai thermique
et de procédure d'essai avec deuxchambres d'essai distinctes
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Figure 3 — Représentation schématique d'exemples d'enceintes d'essai thermique
avec une chambre d'essai

Il convient que les chambres soient capables de maintenir I'espace de travail aux températures
exigées.
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