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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate“internat|

onal

-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Replorts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Publication(s)”). Their
reparation is entrusted to technical committees; any IEC National Committee interestédyin the subject dealtjwith

n participate in this preparatory work. International, governmental and non-governmegntal organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement-between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat

sing
h for
hs.

onal

onsensus of opinion on the relevant subjects since each technical ¢ommittee has representation from all

terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat|

onal

ommittees in that sense. While all reasonable efforts are made-to ensure that the technical content off IEC

ublications is accurate, IEC cannot be held responsible for, the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet

any

ions
veen

ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

FC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

mity

sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fonl any

S
gervices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn, tothe possibility that some of the elements of this IEC Publication can be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

redline-version of the official IEC Standard allows the user to identify the chan

e or
and
IEC

hs is

htent

ges
gin

whgrever a change has been made. Additions are in green text, deletions arg in

hred-text.
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IEC 60068-3-1 has been prepared by IEC technical committee 104: Environmental conditions,
classification and methods of test. It is an International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

edit

ion:

a) information relating to specimen temperatures has been revised;

b)
c)
d)

e)

The

Full
the

The

Thig
acc
at
des

A li
test

The
stal
spe
[

ntormation relating to tests ot multiple specimens has been revised,;

he effect of air density has been added;

b recommendation for corrective actions regarding IR radiation has been added;

he requirements for the mounting and supports of the specimen have been'revised.

text of this International Standard is based on the following documents;

Draft Report on voting

104/986/FDIS 104/1002/RVD

information on the voting for its approval can be found in"the report on voting indicate
above table.

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

document was drafted in accordance with~ISO/IEC Directives, Part 2, and develope

bww.iec.ch/members_experts/refdocsy The main document types developed by IEC
Cribed in greater detail at www.iec.ch/publications.

5t of all parts in the IEC 60068 series, published under the general title Environme
fng, can be found on the |[ECTwebsite.

committee has decided that the contents of this document will remain unchanged until
ility date indicated-on the IEC website under webstore.iec.ch in the data related to
Cific document. -At_this date, the document will be

reconfirmeds

ithdrawn)

replaced by a revised edition, or

hmended.

d in

d in

brdance with ISO/IEC Directives, Part 1xand ISO/IEC Directives, IEC Supplement, available

are

ntal

the
the

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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ENVIRONMENTAL TESTING -

Part 3-1: Supporting documentation and guidance —
Cold and dry heat tests

1 Scope

Thig part of IEC 60068 provides guidance regarding the performance of cold and dry heattgsts.

2 |Normative references

Thefe are no normative references in this document.

3 |Terms and definitions

For|the purposes of this document, the following terms and definitions apply.

ISOland IEC maintain termjnology databases for use in standardization at the folloy
addfesses:

ng

o |EC Electropedia: aviailable at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1
heat-dissipating specimen
spetimen_on-which the hottest point on its surface, measured in free-air conditions and under
the pir,pressure as specified in IEC 60068-1, is more than 5 K above the ambient temperature
of tllue surrounding atmosphere after thermal stability has been reached

[SOURCE: IEC 60068-1:2013, 3.6, modified — The definition has been slightly adapted and
Note 1 to entry has been deleted.]

3.2
non heat-dissipating specimen

specimen on which the hottest point on its surface, measured in free-air conditions and under
the air pressure as specified in IEC 60068-1, is equal or less than 5 K above the ambient
temperature of the surrounding atmosphere after thermal stability has been reached
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3.3

free-air conditions

conditions within an infinite space where the movement of the air is affected only by the heat-
dissipating specimen

Note 1 to entry: Free-air conditions can apply to the laboratory environment. The conditions during the
measurement should be stated in the test report (if not specified otherwise).

[SOURCE: IEC 60068-1:2013, 3.7, modified — In the preferred term "free" has been added, in
the definition "itself" has been deleted and the Note 1 to entry has been added.]

4 |Selection of test procedures

4.1| General background
411 General

Specimen performance-may can be influenced or limited by the tempergtures in which|the
spefimen is operated. The level of influence-may can be affected by.test gradients that gxist
within the test system (climatic or environmental chamber) and interpal-temperatures within| the
spetimen itself. In order to determine the level of influence that exists and to ensure that|the
spefimen is designed appropriately, cold and/or dry heat tests or both are performed.

412 Ambient temperature

Thel maximum and minimum ambient temperature valués,-where in which the specimen-will-be
subleeted is intended to operate, should be known)Pfeferred values for testing purposes|are
proyided in IEC 60068-2-1 or IEC 60068-2-2 or baoth.

Difflculties can arise due to the fact that heatransfer causes temperature variations in the grea
surfounding the specimen. Consequently, the effect from the transfer of heat to the ambjient
temperature of the surrounding atmosphere should be considered. Airflow related to spaging
between specimens should also be considered when performing a test.

413 Specimen temperatures

The| performance of the specimen can be affected by its own temperature in the case of hpat-
disgipating specimens. Because of this, when controlling the test environment, it-may can be
necgessary to measure the temperature of the specimen under test at different locations, poth
intefnally and extefnatly.

Thel change 6ftemperature at a point on the surface of a specimen follows approximately an
exppnential\law. Inside large specimens, temperature equalization can be reached with
signjificant\delay.

In caseofdoubt,ow thetemperature cthange s Teffected by thespecimem, thremomitorimg of
the temperature of the specimens at a representative point (or points) is recommended.

NOTE For further information on the influence of test temperatures on specimens, IEC 60068-2-14 or
IEC 60068-3-11 can be helpful.

4.1.4 Specimens-without-heat-dissipation Non heat-dissipating specimens

If the ambient temperature is uniform and constant and there is no generation of heat within the
specimen, heat will flow from the ambient atmosphere into the specimen if the ambient
atmosphere is at a higher temperature. Conversely, heat will flow from the specimen into the
ambient atmosphere if the specimen is at a higher temperature. This heat transfer will continue
until the specimen has completely reached thermal equilibrium with the surrounding
atmosphere. From that moment on, the heat transfer ceases and will not start again unless the
ambient temperature changes.
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4.1.5 Specimens-with-heat-dissipation Heat-dissipating specimens

If heat is generated within the specimen, the temperature of the specimen will rise to a
stabilization point above the ambient temperature. It follows that if a steady temperature is
reached, heat will flow continuously from the specimen by convection, radiation, and/er
conduction into the atmosphere whereby the specimen is cooled.

If more than one specimen is subjected to a dry heat test in the same chamber, it is necessary
to ensure that all specimens are in the same ambient temperature and have identical mounting
conditions.-Ht-hasnet,-however—beenfound It can become necessary to differentiate between
testing of single specimens and multiple specimens when the cold test is being performed.

NOTE If more than one specimen is tested in the same test chamber, a uniform incoming airflow can beydistufbed.
4.2| Mechanisms of heat transfer
4.2 Convection

Hegt transfer through convection is an important factor when testing heat-dissipating
spefimens. The coefficient of heat transfer from the surface of the test-specimen to the ambjient
air Is affected by the velocity and density of the surrounding air. The greater the air velogity,
the |more efficient the heat transfer is. Therefore, the higher therair velocity, the lower|the
surflace temperature of the test specimen will be with the sametemperature of the ambient|air.
Thig effect is illustrated in Figure 1 and Figure 2.

Air flensity also has a significant influence on heat trafisfer. Cold air is denser than warm|air.
Thefrefore, hot air causes a lower heat transfer than.€ojd air.
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Figure 1 — Experimental data on the effect of airflow on the surface temperature
of a wire-wound resistor — Radial airflow
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Figure 2 — Experimental data on the effect of airflow on the surface temperature
of a wire-wound resistor — Axial airflow

In addition to the influence on the surface temperature of the test specimen, the airflow within
the chamber will also affect the temperature distribution over the surface of the specimen under
test. This effect is illustrated in Figure 3.

Therefore, when testing heat-dissipating specimens, the effects of airflow around or over the
specimen should be known to ensure that the conditions approximate as close as possible
typical free-air conditions or those conditions expected when the specimen is in use.
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90° When calculating the curves, the thermal
conductance in the specimen has been
neglected (worst case)

Flow

direftion A0 T T 180

0° —f—— ——d._. 4

y=1m.s’

[

i
V=0,5mhs!

i

j

i

i

i

i

270°

AT ig the rise in surface température of the specimen above ambient
¥ aif| velocity m - s~1

Air tgmperature 70 °C

Cylinder diameter 6 mm

Heal-dissipation per tnit of surface area 1,5 kW -m=2 £c

Figure 3'— Temperature distribution on a cylinder with homogeneous heat generation
F in airflow of velocities (0,5, 1 and 2) m - s~1

4.2.2 Radiation

Heat transfer by thermal radiation cannot be neglected when test chamber conditions for testing
of heat-dissipating specimens are considered. In a "free air" condition, the heat transferred from
the test specimen is absorbed by its surroundings.

Corrective actions should be considered to minimize the effect of IR radiation.

NOTE IR radiation through the chamber window (observing window) can impact the specimen’s temperature. This
effect can be increased by radiation heating systems in the laboratory or windows in the laboratory allowing IR
radiation of the sun to enter the test space.
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4.2.3 Thermal conduction

Heat transfer by thermal conduction depends on the thermal characteristics of mounting and
other connections. These should be known in advance of the test.

Many heat-dissipating specimens are intended to be mounted on heat sinks or other well-
conducting elements, with the result that a certain amount of heat is effectively transferred
through thermal conduction.

The relevant specification-shal should define the thermal characteristics of the mounting and

the acharactaricticc chaould ha ranradiicad whan tha tact ic mada
JEe-Cratracte S teS—SHourte B e+ eproauc e W et e teStTSHaae-

If 3l enecimen —can bhe mounted in more than one manner with different values &P Herldmal
H—ar-SpecHeh—GCan—oemnouhtteciHh—Rore+ha ohe—+hRahhedt tH—eHrefreit—aHdesS—e e fiinat
conHuction the mountina-device with the lowest thermal conductivitvy for drv heat tasts dn o
conpguctHoRthe-RountihgceviceWHR—e 1 OowWestne H—CORGUCHV YOGy NeareStS Qi<
snabiman with haat diccsination and the mountina device with tha hiadhast tharmall eaonducthvity
SpegiherWinneat GisSSipatdohancmeModiRg-GevHce-WiHR—he gRestteraa ,ConRcUCtHHLy
for Il tha other tests (drv heat tasts on snecimens without heat dissinatidn “cold testd on
HoHF e other eSS (GHfeattesStSOoRSpecHne RS W ot neatGiSSHaHOR,- O G eSt§Ooh
| . . . . . .
Spef 0

The| thermal conduction of the mounting or supports should be lowx~such that for practical
purposes the specimen is thermally isolated, if not specified othepwise. When testing sevgral
spefimens simultaneously they should be so placed that free cifeutation is provided betwleen
spefimens, and between specimens and chamber surfaces.

4.2.4 Forced air circulation

not junduly influenced by the air velocity used in thel chamber, measurements should be mfade
withl the specimen inside the chamber, with the.chamber operating at standard atmosphleric
confitions for measurement and tests (see IE€ 60068-1). If the surface temperature at jany
point of the test specimen is not reduced bymiore than 5 K by the influence of the air circulaftion
usefl in the chamber, the cooling effect of the forced air circulation-may can be ignored.

To yerify that the temperature at representative points on the surface of the test specimjr; is

Where the reduction of surface “temperature exceeds 5 K, the temperatures from a
repfesentative number of points ‘e’ the surface of the test specimen should be measuref in
ordér to give a basis for calculation of the surface temperatures at the specified test conditipns.
Thelse measurements should be carried out under those load conditions which are specifieq for
the test temperature by the'relevant specification.

For|small temperature’ differences below 5 K between the ambient temperature and surface
temperature of the'specimen, the surface temperature can be assumed to be the same when
tested at differént ambient temperatures.

the [test._specimen (thermal distribution, thermally critical points, etc.). A single chamber
chafracterization-may can cover the chamber performance for a long series of the same type of
tests with similar specimens, whereas in other cases it can be necessary for a characterization
may-heed to be made prior to each test for different types of specimens.

The| choice-of representative points to be checked should be based on a detailed knowledgE of

4.3 Test chambers
4.3.1 General

Even in very large chambers, the air circulation and temperature distribution around the test
specimen will not be identical with actual free-air conditions. It is not practical for testing
purposes to try to reproduce free-air conditions, but it is possible to simulate the effects of these
conditions. Nevertheless, it is established by experimental results and test experience that a
reasonably large chamber with low air flow through the workspace will affect the temperature
of the test specimen in approximately the same way as would free-air conditions.
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Table 1 lists the parameters of a test chamber that should be considered when testing heat-
dissipating specimens.

Table 1 — Influence parameters when testing heat-dissipating specimens

Convection
Transfer . .
mechanism Free air Forced air Radiation Conduction
circulation
Chamber Chamber Chamber dimensions, Emissivity of the Thermal characteristic
parameter dimensions air velocity chamber walls of mounting

4.3.
43.

Hedting and cooling components used to control the temperature of the working space sh

not

4.3.

Thelairflow should be as uniform as possible and should be dirgcted in such a way to minin

the

in Annex A.

4.4
4.4

Megsurement of the temperature at various-points on or in a specimen are recommended
testp involving heat-dissipating specimensvin conditions other than "free air". The choic

rep

4.4

The| velocity of the air in the test chamber should be known to ensure uniformity of condit
within the chamber in_the case of testing multiple specimens in the same cham
Megsurements should.be made based on the working space within the chamber and the
and|shape of the test-specimen.

If mpore than dpe*specimen is tested in the same test chamber, a uniform incoming airflow

be

2 Methods of achieving the required conditions in the test chamber

2.1 Design of chambers for simulating the effect of free-air conditions

pbe placed in the working space.

2.2 Design of chambers with forced air circulation

variation that would occur due to convection. The effects¢ef airflow are given in more d¢

Measurements

N Temperature

2 Air velocity

disturbed. It should be taken into consideration that one specimen can shield the other.

buld

hize
ptail

for
b of

flesentative points should be based.on'a detailed knowledge of the test specimen (thefmal
distfibution, thermally critical points,_etc’).

ons
ber.
Bize

can
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A1

For
graq
V
A(V)
P
F

a Q =

U R

A.2

The

whd

A(V)

Exp

Annex A
(informative)

Effect of airflow on chamber conditions and
on surface temperatures of test specimens

Calculation

he
lient i

is the time

re
=a+ bV
a=10

V<%<3m.

incrl

techamber the foIIowing symbolsar used, where:

is the air velocity (m - s™1);
is the heat transfer coefficient (W - m=2 . K=1);
is the quantity of heat transferred in unit time (W);

is the effective area of the heat-dissipating surface (m?2);

(s);

is the mass of incoming or outgoing air per unit time (kg - s<);

is the specific heat of air at constant pressure (1 000 J kg1 - K=1);
is the density of air (1,29 kg - m™3);

is the cross-sectional area of the chamber (mZ2);

is the temperature (K).

Specimen temperature

following equation expresses a specimen temperature:

S—1

erimental results indicate that, at the low air velocities relevant to the tests, b =
pases with inrrnqeing air \/nlnrify untilat3 m - Q_11 bh=8

B; b

If ¥=0,3m-s~', the errorin 7< 10 %.

A3

Gradient between incoming and outgoing air

The gradient between incoming and outgoing air is expressed as:

P

CoG

AT,

air
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Substituting numerical values for a cubic chamber of 0,5 m side length with an airflow of
0,3 m - s=1 and a power dissipation within the chamber of 100 W gives:

S =0,25 m?2
L 100 K= 1K
#1000x0,25x0,3 %129
AT _ LAYAYAR'A'} 51 K
air 5 m kg
1000 x0,25 m* x0,3 —x1,29 —-
kg- K S m>

Up o 100 W dissipation, there is little concern. At 1 kW, a chamber with a larger volumege or
higher air exchange should be considered.
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate“internat|
-operation on all questions concerning standardization in the electrical and electronic fields.)To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Publication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interestédyin the subject dealt]
n participate in this preparatory work. International, governmental and non-governmegntal organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with thé nternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement-between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical ¢ommittee has representation frof
terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat|
ommittees in that sense. While all reasonable efforts are made-to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for, the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the I3

FC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

Isessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.
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o liability shall attach to IEC or its directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn, tothe possibility that some of the elements of this IEC Publication can be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

60068-3-1 has been prepared by IEC technical committee 104: Environmental conditi
sification and methods of test. It is an International Standard.

e or
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This—third—edition cancefs and Teptaces the second editiom pubfished—m 20t T his ed
constitutes a technical revision.

ion

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

a) information relating to specimen temperatures has been revised;

b)
c)
d)
e)

information relating to tests of multiple specimens has been revised;

the effect of air density has been added;

a recommendation for corrective actions regarding IR radiation has been added;

the requirements for the mounting and supports of the specimen have been revised.
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The text of this International Standard is based on the following documents:

Draft Report on voting

104/986/FDIS 104/1002/RVD

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

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

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developef in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@available
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEC |are
desgribed 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.

The| committee has decided that the contents of this document witlxremain unchanged until the
stahility date indicated on the IEC website under webstore.iec.ch in the data related to|the
spegific document. At this date, the document will be
e feconfirmed,

e Wwithdrawn,

e f[eplaced by a revised edition, or

e amended.
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ENVIRONMENTAL TESTING -

Part 3-1: Supporting documentation and guidance —
Cold and dry heat tests

Scope

Normative references

re are no normative references in this document.

Terms and definitions
the purposes of this document, the following terms and definjtions apply.

and IEC maintain terminology databases for use(in standardization at the folloy
Fesses:

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

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

t-dissipating specimen
cimen on which the hottest point orvits surface, measured in free-air conditions and ur
air pressure as specified in IEC.60068-1, is more than 5 K above the ambient tempera

URCE: IEC 60068-1:2013, 3.6, modified — The definition has been slightly adapted
b 1 to entry has been deleted.]

Cimen on which the hottest point on its surface, measured in free-air conditions and ur
air pressure as specified in IEC 60068-1, is equal or less than 5 K above the amb
perature of the surrounding atmosphere after thermal stability has been reached

sts.

ying

der
fure

and

der
ient

free-air conditions
conditions within an infinite space where the movement of the air is affected only by the heat-
dissipating specimen

Note 1 to entry: Free-air conditions can apply to the laboratory environment. The conditions during
measurement should be stated in the test report (if not specified otherwise).

the

[SOURCE: IEC 60068-1:2013, 3.7, modified — In the preferred term "free" has been added, in

the

definition "itself" has been deleted and the Note 1 to entry has been added.]
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4 Selection of test procedures

4.1 General background
411 General

Specimen performance can be influenced or limited by the temperatures in which the specimen
is operated. The level of influence can be affected by test gradients that exist within the test
system (climatic or environmental chamber) and internal temperatures within the specimen
itself. In order to determine the level of influence that exists and to ensure that the specimen is
designed appropriately, cold or dry heat tests or both are performed.

412 Ambient temperature

Thel maximum and minimum ambient temperature values, in which the specimen s intended to
operate, should be known. Preferred values for testing purposes are provided iR\ EC 60068}2-1
or IEC 60068-2-2 or both.

Difflculties can arise due to the fact that heat transfer causes temperature’variations in the grea
surfounding the specimen. Consequently, the effect from the transfer’of heat to the ambjient
temperature of the surrounding atmosphere should be considered.  Airflow related to spaging
between specimens should also be considered when performing a-test.

418 Specimen temperatures

The| performance of the specimen can be affected by-its own temperature in the case of hpat-
disqipating specimens. Because of this, when controlling the test environment, it canl be
necgessary to measure the temperature of the spécimen under test at different locations, poth
internally and externally.

The| change of temperature at a point on,the surface of a specimen follows approximately an
exppnential law. Inside large specimens, temperature equalization can be reached with
sigrfificant delay.

In cpse of doubt, how the temperature change is reflected by the specimen, the monitoring of
the temperature of the specimens at a representative point (or points) is recommended.

NOTE For further information on the influence of test temperatures on specimens, IEC 60068-2-14 or
IEC $0068-3-11 can be héelpful.

4.1.4 Non heat-dissipating specimens

If the ambientytemperature is uniform and constant and there is no generation of heat within[the
spegimens—heat will flow from the ambient atmosphere into the specimen if the ambjient
atmpsphere is at a higher temperature. Conversely, heat will flow from the specimen into|the
ambient’atmosphere if the specimen is at a higher temperature. This heat transfer will continue
untilr the specimen has completely reached thermal equilibrium wiith ihe surrounding
atmosphere. From that moment on, the heat transfer ceases and will not start again unless the
ambient temperature changes.

4.1.5 Heat-dissipating specimens

If heat is generated within the specimen, the temperature of the specimen will rise to a
stabilization point above the ambient temperature. It follows that if a steady temperature is
reached, heat will flow continuously from the specimen by convection, radiation, and conduction
into the atmosphere whereby the specimen is cooled.
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If more than one specimen is subjected to a dry heat test in the same chamber, it is necessary
to ensure that all specimens are in the same ambient temperature and have identical mounting
conditions. It can become necessary to differentiate between testing of single specimens and
multiple specimens when the cold test is being performed.

NOTE If more than one specimen is tested in the same test chamber, a uniform incoming airflow can be disturbed.
4.2 Mechanisms of heat transfer

4.2.1 Convection

spegimens. The coefficient of heat transfer from the surface of the test specimen to the ambjient
air is affected by the velocity and density of the surrounding air. The greater the aif)velogity,
the [more efficient the heat transfer is. Therefore, the higher the air velocity, the, lower|the
surflace temperature of the test specimen will be with the same temperature of the,ambient|air.
Thig effect is illustrated in Figure 1 and Figure 2.

Air gensity also has a significant influence on heat transfer. Cold air is.denser than warm|air.
Thefrefore, hot air causes a lower heat transfer than cold air.
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Figure 1 — Experimental data on the effect of airflow on the surface temperature
of a wire-wound resistor — Radial airflow
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Figure 2 — Experimental data on the effect of airflow on the surface temperature
of a wire-wound resistor — Axial airflow

In addition to the influence on the surface temperature of the test specimen, the airflow within
the chamber will also affect the temperature distribution over the surface of the specimen under
test. This effect is illustrated in Figure 3.

Therefore, when testing heat-dissipating specimens, the effects of airflow around or over the
specimen should be known to ensure that the conditions approximate as close as possible
typical free-air conditions or those conditions expected when the specimen is in use.
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90° When calculating the curves, the thermal
conductance in the specimen has been
neglected (worst case)
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AT ig the rise in surface température of the specimen above ambient
¥ aif| velocity m - s~1

Air tgmperature 70 °C

Cylinder diameter 6 mm

Heal-dissipation per tnit of surface area 1,5 kW -m=2 £c

Figure 3'— Temperature distribution on a cylinder with homogeneous heat generation
F in airflow of velocities (0,5, 1 and 2) m - s~1

4.2.2 Radiation

Heat transfer by thermal radiation cannot be neglected when test chamber conditions for testing
of heat-dissipating specimens are considered. In a "free air" condition, the heat transferred from
the test specimen is absorbed by its surroundings.

Corrective actions should be considered to minimize the effect of IR radiation.

NOTE IR radiation through the chamber window (observing window) can impact the specimen’s temperature. This
effect can be increased by radiation heating systems in the laboratory or windows in the laboratory allowing IR
radiation of the sun to enter the test space.
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4.2.3 Thermal conduction

Heat transfer by thermal conduction depends on the thermal characteristics of mounting and
other connections. These should be known in advance of the test.

Many heat-dissipating specimens are intended to be mounted on heat sinks or other well-
conducting elements, with the result that a certain amount of heat is effectively transferred
through thermal conduction.

The relevant specification should define the thermal characteristics of the mounting and these

Cha ractaricticc chaonld ha ranradiicad \whaon tha tact 1o mada
Tt trtco—STHoura— o1+ optot oW et et eSS

The| thermal conduction of the mounting or supports should be low, such that for practical
purposes the specimen is thermally isolated, if not specified otherwise. When testing sevgral
spegimens simultaneously they should be so placed that free circulation is provided between
spegimens, and between specimens and chamber surfaces.

4.2.4 Forced air circulation

To yerify that the temperature at representative points on the surfaceof the test specimen is
not junduly influenced by the air velocity used in the chamber, measurements should be rﬂade
withl the specimen inside the chamber, with the chamber ope€rating at standard atmosphleric
confitions for measurement and tests (see IEC 60068-1)..ff’the surface temperature at jJany
point of the test specimen is not reduced by more than 5 K‘hy'the influence of the air circulation
usefl in the chamber, the cooling effect of the forced ajr circulation can be ignored.

repflesentative number of points on the surface-of the test specimen should be measurefd in
order to give a basis for calculation of the surface temperatures at the specified test conditipns.
Thejse measurements should be carried out@nder those load conditions which are specifiedq for
the fest temperature by the relevant specification.

WhIre the reduction of surface temperature ‘e€xceeds 5 K, the temperatures from a

For|small temperature differences_below 5 K between the ambient temperature and surface
temperature of the specimen, thetsurface temperature can be assumed to be the same when
tested at different ambient temperatures.

The|choice of representative points to be checked should be based on a detailed knowledgle of
the [test specimen (thermal distribution, thermally critical points, etc.). A single chamber
chafacterization can'cover the chamber performance for a long series of the same type of tests
with similar specimens, whereas in other cases it can be necessary for a characterization t¢ be
made prior to each test for different types of specimens.

4.3| Test-chambers

4.31 General

Even in very large chambers, the air circulation and temperature distribution around the test
specimen will not be identical with actual free-air conditions. It is not practical for testing
purposes to try to reproduce free-air conditions, but it is possible to simulate the effects of these
conditions. Nevertheless, it is established by experimental results and test experience that a
reasonably large chamber with low air flow through the workspace will affect the temperature
of the test specimen in approximately the same way as would free-air conditions.

Table 1 lists the parameters of a test chamber that should be considered when testing heat-
dissipating specimens.
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Table 1 — Influence parameters when testing heat-dissipating specimens

023

Convection
Transfer . .
mechanism Free air Forced air Radiation Conduction
circulation
Chamber Chamber Chamber dimensions, Emissivity of the Thermal characteristic
parameter dimensions air velocity chamber walls of mounting

43.

2 Methods of achieving the required conditions in the test chamber

4.3.

Hea
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43.
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4.4,
The

within the chamber in the case of testing multiple specimens in the same cham

Mes
and

If m
be ¢

2.1 Design of chambers for simulating the effect of free-air conditions

ting and cooling components used to control the temperature of the working space sh
pbe placed in the working space.

2.2 Design of chambers with forced air circulation
airflow should be as uniform as possible and should be directed in‘§udch a way to minin

variation that would occur due to convection. The effects of airflowtare given in more d¢
nnex A.

Measurements
1 Temperature
surement of the temperature at various pointsson/or in a specimen are recommended
5 involving heat-dissipating specimens in canditions other than "free air". The choic

esentative points should be based on a detailed knowledge of the test specimen (ther
ribution, thermally critical points, etc.).

2 Air velocity
velocity of the air in the test chamber should be known to ensure uniformity of condit

surements should be made,based on the working space within the chamber and the
shape of the test specimen.

ore than one speeimen is tested in the same test chamber, a uniform incoming airflow
isturbed. It sheuld'be taken into consideration that one specimen can shield the other.

buld
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ptail

for
e of
mal
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per.
Size
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Annex A
(informative)

Effect of airflow on chamber conditions and
on surface temperatures of test specimens

A.1 Calculation

g?arint i te chamber the foIIowing symbolsar used, where:

14 is the air velocity (m - s71);

(V) is the heat transfer coefficient (W - m=2 . K=1);

P is the quantity of heat transferred in unit time (W);

F is the effective area of the heat-dissipating surface (m?2);

t is the time (s);

G is the mass of incoming or outgoing air per unit time (kg - 85);

Cp is the specific heat of air at constant pressure (1 000 J( kg™! - K=1);
7 is the density of air (1,29 kg - m™3);

S is the cross-sectional area of the chamber (mZ2);

is the temperature (K).
A.2l Specimen temperature

Thel|following equation expresses a specimen temperature:

where
AMV)=a+ bV
a=10

a

< = <3m - s!
b

Experimmental results indicate that, at the low air velocities relevant to the tests, b =
increases with innrnneing air \/nlnr\ii‘y untilat3 m . Q_1, bhb=8

If ¥=0,3m-s~1, the errorin 7< 10 %.

A.3 Gradient between incoming and outgoing air

The gradient between incoming and outgoing air is expressed as:

Lyere
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Substituting numerical values for a cubic chamber of 0,5 m side length with an airflow of
0,3 m - s=1 and a power dissipation within the chamber of 100 W gives:

S =0,25 m?2
ATy = 100 W =1K
air 5 m kg
1000 x0,26 m* x0,3 —x129 —-
kg- K S m3

Up to 100 W dissipation, there is little concern. At 1 kW, a chamber with a larger volumeg or
higher air exchange should be considered.



https://iecnorm.com/api/?name=2d0efed9c82966eaf12913f1d5eb2d68

IEC

IEC

IEC

IEC

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC
Cal

60068-3-1:2023 © IEC 2023 -15 -

Bibliography
60068-1:2013, Environmental testing — Part 1: General and guidance
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

60068-3-11, Environmental testing — Part 3-11: Supporting documentation and guidan
Culation of uncertainty of conditions in climatic test chambers

be —


https://iecnorm.com/api/?name=2d0efed9c82966eaf12913f1d5eb2d68

- 16 - IEC 60068-3-1:2023 © |EC 2023

SOMMAIRE
AVANT-PROP O S .. ettt et e et e e e et e e e anns 17
1 Domaine d'appliCation ..o 19
2 REfEreNnCes NOMMaAtiVES ... . e 19
3 Termes et définitioNs ... e 19
4 Choix des ProCeAUIrES ' @S SaI ...uuiuuiiii i e 20
4.1 ConteXte GENEIAl ....oeii i 20
44+ Génperalites—7—7—707DDDDm—m—m—7m—m—7m—7D0D0—70D0D0D0D08D2020202027mDmDmDmDmDmD0Dmo227mDDDDDDm—DmDDmD—m——m———————— .20
4.1.2 Tempeérature ambiante...........o T .20
4.1.3 Températures du SPECIMEN.......c.iiiiii e T .20
4.1.4 Spécimens ne dissipant pas de chaleur ... O .20
4.1.5 Spécimens dissipant de la chaleur...........ccccooiiiiinnn O .20
4.2 Mécanismes de transmission thermique ... S .21
4.21 CONVECHION Lo e .21
4.2.2 Rayonnements. ...t .24
4.2.3 Conduction thermique..... ... e S .25
4.2.4 Circulation forcée de I'air ... ...ooeuiiiiiie e e e .25
4.3 Chambres d'eSSai ..ocvvviieiiiiieiiiiiiiee e A0 .25
4.3.1 GNAIraAlIteS ..o e .25
4.3.2 Méthodes permettant d'atteindre les conditions exigées a l'intérieur de
[a chambre d'eSSai.......ovuieiii e D N .26
4.4 LT U =T =T S PP .26
4.41 LI 000 0 1= = L0 = P .26
4.4.2 Vitesse de I'air. ... .26
Annexe A (informative) Effet de la circulation de I'air sur les conditions a I'intérieur de
la chambre et sur les températures desurface des spécimens d'essai..........ccocceeeiveiinenn... .27
A1 CaAlCUL etk e e .27
A.2 Tempeérature du SPECIMEN ... ..ot e .27
A.3 Gradient entre I'airypénétrant et I'air sortant ..............cooiiiiiiiiiii i .27
(27 o] ToTo [ e=T o1 0 = T S PSPPI .29
Figure 1 — Données_expérimentales concernant I'effet de la circulation d'air sur la
température dessurface d'une résistance bobinée — Circulation d'air selon une direction
= To 1= ] PP UPPPRPRRE .22
Figyre 2 =-Bonnées expérimentales concernant I'effet de la circulation d'air sur la
température de surface d'une résistance bobinée — Circulation d'air selon une direction
axia{l)e ................................................................................................................................... 23
Figure 3 — Distribution de la température sur un cylindre avec une production de
chaleur homogéne pour des vitesses de circulation d'air de (0,5, 1 et 2) m - s7h o 24

Tableau 1 — Parameétres d'influence lors des essais de spécimens dissipant de la
Lo =1 = U | PP


https://iecnorm.com/api/?name=2d0efed9c82966eaf12913f1d5eb2d68

IEC 60068-3-1:2023 © IEC 2023 -17 -

1

2)

3)

4)

5)

6)
7)

8)

9)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ESSAIS D'ENVIRONNEMENT -

Partie 3-1: Documentation d'accompagnement et recommandations —
Essais de froid et de chaleur séche

AVANT-PROPOS

e favoriser la coopération internationale pour toutes les questions de normalisation dans”les domg

es Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée-a des comités d'éty
ux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisa

la Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation*‘comppsée
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC -a pour pbjet

ines

e I'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normes internationples,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles ‘au public (PA$) et

des,
ions
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ux travaux. L'IEC collabore étroitement avec |'Organisation Internationale.\de Normalisation (ISO), {
es conditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions tec¢hniques représentent, dans la m¢g
u possible, un accord international sur les sujets étudiés, étant dofine que les Comités nationaux de
intéressés sont représentés dans chaque comité d'études.
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assure de l'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respong
e I'éventuelle mauvaise utilisation ou interprétation qui en‘est faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale¢.des’ Comités nationaux de I'lEC s'engagent, dans
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natior
régionales. Toutes divergences entre toutes~Publications de I''EC et toutes publications nationale
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[IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de.TConformité et, dans certains secteurs, accédent aux mar
e conformité de I'lEC. L'IEC n'est respensable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatg
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de |
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écoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
u au crédit qui lui est accordé.

attention est)attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencéesest obligatoire pour une application correcte de la présente publication.
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e droits de brevet. L'I[EC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels d
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L'IEC 60068-3-1 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 troisieme édition annule et remplace la deuxiéme édition parue en 2011. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) les informations relatives a la température des spécimens ont été révisées;

b) les informations relatives aux essais sur plusieurs spécimens ont été révisées;

c) l'effet de la masse volumique de l'air a été ajouté;
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ESSAIS D'ENVIRONNEMENT -

Partie 3-1: Documentation d'accompagnement et recommandations —

Essais de froid et de chaleur séche

Domaine d'application

essais de froid et de chaleur séche.

Références normatives

Le présent document ne contient aucune référence normative.

3

Termes et définitions

Pour les besoins du présent document, les termes et définitiofs suivants s'appliquent.

L'ISIO et I'lEC tiennent a jour des bases de données tetminologiques destinées a étre utilig
en normalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse https.//www.electropedia.org/

SO Online browsing platform: disponible@ I'adresse https://www.iso.org/obp

3.1

spécimen dissipant de la chaleur

spétimen pour lequel la température au point le plus chaud de sa surface, mest
danp des conditions d'air libre et sous la pression atmosphérique spécifiée dans I'lEC 6006
déppsse la température amhiante de I'atmosphére environnante de plus de 5K lors
la sjabilité thermique a étéatteinte

[SOJURCE: IEC 6006821:2013, 3.6, modifié — La définition a été Iégérement adaptée etla No
a I'drticle a été supprimeée.]

3.2

spécimen ne)dissipant pas de chaleur

spé
dan
dép

imen<pour lequel la température au point le plus chaud de sa surface, mesy
des_conditions d'air libre et sous la pression atmosphérique spécifiée dans I'lEC 6006

présente partie de I'lEC 60068 fournit des recommandations concernant I'exécultion

ees

rée
B-1,
que

te 1

rée
B-1,

§s€ la température ambiante de |'atmosphére environnante de moins de 5 K lors|

que

la stabilité thermique a été atteinte

3.3

conditions d'air libre
conditions existant dans un espace infini ou le mouvement de l'air n'est affecté que par

le s

pécimen dissipant de la chaleur

Note 1 a l'article: Les conditions d'air libre peuvent s'appliquer a I'environnement de laboratoire. Il convient
d'indiquer les conditions de mesurage dans le rapport d'essai (sauf spécification contraire).

[SOURCE: IEC 60068-1:2013, 3.7, modifié¢ — Dans le terme, "calme" a été remplacé par "libre";

dan

s la définition, "lui-méme" a été supprimé et la Note 1 a I'article a été ajoutée.]
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4 Choix des procédures d'essai

4.1 Contexte général
411 Généralités

Les performances du spécimen peuvent étre influencées ou limitées par les températures
de fonctionnement du spécimen. Le niveau d'influence peut étre affecté par les gradients
d'essai présents dans le systéme d'essai (chambre climatique ou environnementale) et
par les températures internes du spécimen lui-méme. Pour déterminer le niveau d'influence
qui existe et s'assurer que le spécimen est concu de facon appropriée, des essais de froid et/ou
de g¢haleur séche sont réalisés.

4.1.2 Température ambiante

Il cqnvient de connaitre les valeurs de température ambiante maximale et minimale auxquglles
le spécimen est destiné a fonctionner. Les valeurs préférentielles pour les essais sont fourpies
danpg I'lEC 60068-2-1 et/ou I'lEC 60068-2-2.

Deq difficultés peuvent apparaitre sous l'effet de la transmission~thermique qui provojque
des|variations de température dans la zone entourant le spécimepn.\Bar conséquent, il convjient
de [prendre en compte l'effet de la transmission thermique & la température ambiante
de llatmosphere environnante. Il convient de prendre également en compte la circulation ¢'air
liée|a I'espacement entre les spécimens pendant la réalisation’ d'un essai.

413 Températures du spécimen

Les|performances du spécimen peuvent étre altérées par sa propre température dans le|cas
de §pécimens dissipant de la chaleur. C'est ‘pourquoi, lors du controle de I'environnement
d'edsai, il peut étre nécessaire de mesurer_la,température en différents points a l'intérieyr et
a I'gxtérieur du spécimen d'essai.

La variation de la température en un-point sur la surface d'un spécimen suit approximativenent
une| loi exponentielle. A l'intérieur) des grands spécimens, I'égalisation de la température
peuf étre atteinte avec un délaisignificatif.

En |cas de doute concernant la maniére dont la variation de température est reflg¢tée
par [le spécimen, il est‘recommandé de surveiller la température des spécimens en un ou
pludieurs points représentatifs.

NOTE Pour plus.\d'informations concernant [l'influence des températures d'essai sur les spécinjens,
I'EC1 60068-2-140ul'IEC 60068-3-11 peut étre pertinente.

4.1.4 Spécimens ne dissipant pas de chaleur

Si lantempérature ambiante est uniforme et constante, et qu'il n'y a aucune produgtion
de chaleur a Tinterieur du specimen, la chaleur circule depuis latmosphere ambiante
dans le spécimen si la température de I'atmosphére ambiante est plus élevée. Inversement,
la chaleur circule du spécimen dans I'atmosphére ambiante si la température du spécimen est
plus élevée. Cette transmission thermique se poursuit tant que le spécimen n'a pas
compléetement atteint I'équilibre thermique avec I'atmosphére environnante. La transmission
thermique cesse alors a partir de cet instant et ne se reproduit que si la température ambiante
varie.

4.1.5 Spécimens dissipant de la chaleur

S'il y a production de chaleur a I'intérieur du spécimen, la température du spécimen s'éléve
jusqu'a un point de stabilisation supérieur a la température ambiante. Si une température stable
est atteinte, la chaleur se dégage alors en continu du spécimen par convection, rayonnement
et conduction vers 'atmosphére, ce qui refroidit le spécimen.
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Si plusieurs spécimens sont soumis a un essai de chaleur séche dans la méme chambre, il est
nécessaire de s'assurer que tous les spécimens sont placés a la méme température ambiante
et dans des conditions de montage identiques. Il peut étre nécessaire de distinguer les essais
effectués sur un seul spécimen et sur plusieurs spécimens lorsque I'essai de froid est effectué.

NOTE Si plusieurs spécimens sont soumis a I'essai dans la méme chambre d'essai, la circulation uniforme de I'air
pénétrant peut étre perturbée.

4.2 Mécanismes de transmission thermique

4.2.1 Convection

La |transmission thermique par convection est un facteur important lors des -espais
des|spécimens dissipant de la chaleur. Le coefficient de transmission thermique de Ja‘surflace
du Bpécimen d'essai a l'air ambiant dépend de la vitesse et la masse volumigue de |'air
env|ronnant. Plus la vitesse de l'air est grande, plus la transmission thermiqueg jest efficx}ce.
Aingi, pour une température de I'air ambiant donnée, la température de la surface’du spécimen
d'edsai est d'autant plus faible que la vitesse de l'air est plus élevée. ICet effet est |mis
en gvidence par la Figure 1 et la Figure 2.

La masse volumique de l'air a également une influence significative sur la transmisgion
thermique. L'air froid est plus dense que l'air chaud. Par consgguent, I'air chaud provoque
une|transmission thermique plus faible que I'air froid.
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Figure 1 — Données expérimentales concernant I'effet de la circulation d'air
sur la température de surface d'une résistance bobinée -
Circulation d'air selon une direction radiale
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