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INTERNATIONAL ELECTROTECHNICAL COMMISSION 80 

____________ 81 

 82 

ENVIRONMENTAL TESTING –  83 

 84 

Part 2-14: Tests – Test N: Change of temperature 85 

 86 

 87 

FOREWORD 88 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 89 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 90 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 91 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 92 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicati on(s)”). Their prepa-93 
ration is entrusted to technical committees; any IEC National Committee interested in the subject dealt with may 94 
participate in this preparatory work. International, governmental and non-governmental organizations liaising with 95 
the IEC also participate in this preparation. IEC collaborates closely with the International Organization for Stand-96 
ardization (ISO) in accordance with conditions determined by agreement between the two organizations.  97 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 98 
consensus of opinion on the relevant subjects since each technical committee has representation from all inter-99 
ested IEC National Committees.  100 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 101 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 102 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any misinter-103 
pretation by any end user. 104 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications trans-105 
parently to the maximum extent possible in their national and regional publications. Any divergence between any 106 
IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  107 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment 108 
declared to be in conformity with an IEC Publication. 109 

6) All users should ensure that they have the latest edition of this publication.  110 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 111 
members of its technical committees and IEC National Committees for any personal injury, property damage or 112 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and ex-113 
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  114 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 115 
indispensable for the correct application of this publication.  116 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 117 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  118 

International Standard IEC 60068-2-14 has been prepared by IEC technical committee 104: 119 
Environmental conditions, classification and methods of test.  120 

This seventh edition cancels and replaces the sixth edition, published in 2009 and constitutes 121 
a technical revision.  122 

The major changes with regard to the previous edition concern: 123 

• updating of the figures, changes to some of the wording and editorial corrections made for 124 
clarification. 125 

• Updating specimen temperature(s) and severities as well as tolerances for change of tem-126 
perature tests.  127 

• Standardized requirements for test reports for tests Na, Nb and Nc 128 

129 
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The text of this standard is based on the following documents:  130 

FDIS Report on voting 

XXX/XXX/FDIS XXX/XXX/RVD 

 131 
Full information on the voting for the approval of this standard can be found in the report on 132 
voting indicated in the above table. 133 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.  134 

A list of all the parts in the IEC 60068 series, under the general title Environmental testing, can 135 
be found on the IEC website. 136 

The committee has decided that the contents of this publication will remain unchanged until the 137 
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data 138 
related to the specific publication. At this date, the publication will be  139 

• reconfirmed, 140 

• withdrawn, 141 

• replaced by a revised edition, or 142 

• amended. 143 

144 
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INTRODUCTION 145 

A change of temperature test is intended to determine the effect on the specimen of a change 146 
of temperature or a succession of changes of temperature. 147 

It is not intended to show effects that are caused by low or high temperature exposure. For 148 
these effects, the cold test or the dry heat test, as specified in IEC 60068-2-1 and IEC 60068-149 
2-2, should be used. 150 

The effect of change of temperature tests is determined by 151 

– values of high and low conditioning temperature between which the change is to be affected, 152 

– the conditioning times for which the test specimen is kept at these temperatures,  153 

– the rate of change between these temperatures, 154 

– the number of cycles of conditioning, 155 

– the amount of heat transfer into or from the specimen, 156 

– the thermal conductivity and the materials of the specimen, 157 

– the rate of change of the specimen’s temperature on its surface  (respectively in relevant 158 
positions) or in its core. 159 

Guidance on the choice of suitable test parameters for inclusion in the detail specification is 160 
given throughout this standard. 161 

162 
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ENVIRONMENTAL TESTING –  163 

 164 

Part 2-14: Tests – Test N: Change of temperature 165 

 166 

 167 

 168 

1 Scope 169 

This part of IEC 60068 provides tests with specified ambient temperature changes to analyse 170 
their impacts on specimen. 171 

2 Normative references 172 

The following documents are referred to in the text in such a way that some or all of their content 173 
constitutes requirements of this document. For dated references, only the edition cited applies. 174 
For undated references, the latest edition of the referenced document (including any amend-175 
ments) applies. 176 

IEC 60068 (all parts), Environmental testing 177 

IEC 60068-2-1, Environmental testing – Part 2-1: Tests – Test A: Cold 178 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests – Test B: Dry heat 179 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 180 

IEC 60068-2-17, Environmental testing – Part 2-17: Tests – Test Q: Sealing 181 

IEC 60068-2-67, Environmental testing – Part 2-67: Tests – Test Cy: Damp heat, steady state, 182 
accelerated test primarily intended for components 183 

3 Terms and definitions 184 

For the purposes of this document, the terms and definitions given in IEC 60068-2-1 and IEC 185 
60068-2-2 apply. 186 

No terms and definitions are listed in this document. 187 

ISO and IEC maintain terminological databases for use un standardization at the following ad-188 
dresses: 189 

• IEC Electropedia: available at http://www.electropedia.org/ 190 

• ISO online browsing platform: available at http://www.iso.org/obp 191 

  192 
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4 List of symbols 193 

𝐷 
temperature difference between high conditioning temperature 𝑇𝐵 and low con-

ditioning temperature 𝑇𝐴 

𝑇𝐴 low conditioning temperature 

𝑇𝐴𝑑 decreased low conditioning temperature 

𝑇𝐵 high conditioning temperature 

𝑇𝐵𝑖 increased high conditioning temperature 

𝑇𝑆𝑇𝐷 standard atmospheric conditions (15 °C to 35 °C) 

𝛥𝑇S temperature difference between the specimen and the test medium (e.g. air)  

𝑑𝑇R temperature change rate (Test Nb) 

𝑡s stabilization time of specimen temperature 

𝑡s∗ 
stabilization time of specimen temperature during the first cycle, starting from 
laboratory air temperature 

𝑡1 exposure time of the specimen to each conditioning temperature 

𝑡2 
transfer time of the specimen from one test chamber to another (two-chamber 
test method) 

±𝜎𝑇 
applicable temperature tolerance of the medium temperature during tempera-
ture transition (Test Nb) 

±𝜎𝑇𝑐𝑜𝑛𝑠𝑡 
applicable temperature tolerance of the medium temperature during the con-
stant conditioning 

5 General  194 

5.1 Field conditions of changing temperature 195 

It is common in electronic equipment and components that changes of temperature occur. Parts 196 
inside equipment undergo slower changes of temperature than those on an external surface 197 
when the equipment is not switched on. 198 

Rapid changes of temperature may be expected 199 

– when equipment is transported from warm indoor into cold outdoor environments or vice 200 
versa, 201 

– when equipment is suddenly cooled by rainfall or immersion in cold water,  202 

– when equipment is attached or in close proximity to components leading to high thermal 203 
stress (e.g. combustion engines, central processing units), 204 

– when equipment is artificially cooled or heated, 205 

– in externally mounted airborne equipment, 206 

– under certain conditions of transportation and storage. 207 

Components will undergo stresses due to changing temperature when high temperature gradi-208 
ents build up in an equipment after being switched on, e.g. in the proximity of high power resis-209 
tors, radiation can cause rise of the surface temperature on close components while other por-210 
tions remain cold. 211 

Artificially cooled components may be subjected to rapid temperature changes when the cooling 212 
system is switched on. Rapid changes of temperature in components may also be induced 213 
during manufacturing processes or the transportation of equipment. Both the number and 214 
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amplitude of temperature changes, the time interval between them and the thermal responsive-215 
ness of the equipment (or specimen) are important. 216 

5.2 Design of tests with temperature change 217 

Change of temperature Tests Na, Nb and Nc comprise alternate periods at a high and a low 218 
temperature with well-defined transfers from one temperature to the other. The conditioning run 219 
from laboratory ambient to the first conditioning temperature, then to the second conditioning 220 
temperature, then back to laboratory ambient is considered one test cycle.  221 

5.3 Test parameters    222 

Test parameters comprise the following: 223 

– laboratory ambient conditions (mainly temperature and humidity); 224 

– high conditioning temperature 𝑇𝐵; 225 

– increased high conditioning temperature 𝑇𝐵𝑖, if applicable; 226 

– low conditioning temperature 𝑇𝐴; 227 

– decreased low conditioning temperature 𝑇𝐴𝑑, if applicable; 228 

– exposure time of the specimen to each conditioning temperature 𝑡1; 229 

– transfer time 𝑡2 or temperature change rate 𝑑𝑇R; 230 

– number of test cycles. 231 

NOTE The high and low conditioning temperatures are understood to be ambient temperatures which will be 232 
reached by most specimens with a certain time-lag. 233 

As these tests are intended to validate the effects of temperature changes on the specimen, 234 
the specimen’s characteristics should always be taken into consideration (if not specified oth-235 
erwise): 236 

− thermal responsiveness of the specimen in affected areas or the core; 237 

o thermal conductivity; 238 

o specific heat capacity; 239 

− density; 240 

− geometry; 241 

− mass. 242 

The experimental determination of these characteristics is recommended, if unknown and not 243 
specified otherwise. 244 

The test is accelerated because the number of severe changes of temperature in a given period  245 
is greater than that which will occur under field conditions.  246 

The high and low temperatures are understood to be ambient temperatures which will be 247 
reached by most specimens with a certain time-lag. 248 

Only in exceptional cases may these temperatures be specified outside the normal storage or 249 
operating temperature range of the object under test.  250 

NOTE If the specimen’s characteristics (mass, density, geometry) prevent the specified rate of change, the tem-251 
peratures may be specified outside the normal storage or operating temperatures in order to increase the severity of 252 
the intended test, if not specified otherwise. 253 

5.4 Purpose and choice of the tests 254 

Change of temperature testing is recommended in the following cases: 255 
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– evaluation of electrical performance after a specified number of rapid changes of tempera-256 
ture, Test Na or Test Nc; 257 

– evaluation of the suitability of mechanical components, and of materials and combinations 258 
of materials to withstand rapid changes of temperature, Test Na or Test Nc;  259 

– evaluation of the suitability of construction of components to withstand artificial stressing, 260 
Test Na or Test Nc; 261 

– evaluation of electrical performance during a change of temperature, Test Nb;  262 

– evaluation of mechanical performance during a change of temperature, Test Nb . 263 

The change of temperature tests specified in the IEC 60068 series is not intended to evaluate 264 
the difference in material constants or electrical performance when operating under  the condi-265 
tioning temperatures 𝑇𝐴 and 𝑇𝐵. 266 

5.5 Choice of the exposure time to each conditioning temperature 267 

The duration of the exposure should be based on the requirements stated in 8.2.3, 9.2.3 or 268 
10.2.2, or as stated in the relevant specification, keeping in mind the following points: 269 

a) The exposure begins as soon as the specimen is in the new environment.  270 

b) Stabilization occurs when the temperature difference between the specimen and the 271 
test medium (𝛥𝑇S ) is within 3 K to 5 K, or as stated in the test specification. The 272 

stabilization time of specimen temperature 𝑡S is from the start of exposure until the 273 
moment when the temperature is within the specified difference. A representative point 274 
(or points) on the specimen may be used for this measurement.  275 

c) The exposure time of the specimen to each conditioning temperature 𝑡1 shall be longer 276 
than the stabilization time of the specimen temperature 𝑡S. Figure 1 provides a graphical 277 
representation of the process. This may not be appropriate for heat generating 278 
specimens. 279 
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Figure 1 – Determination of the exposure time of the specimen to each conditioning 281 
temperature (𝒕𝟏) 282 

5.6 Choice of the duration of the transfer time 𝒕𝟐 283 

If, e.g. due to the large size of the specimens, the transfer time 𝑡2 cannot be kept within in 3 284 
min, the transfer time may be increased with a negligible influence on the test results as follows: 285 
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