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European foreword 42 

This document (prEN 45552:2018) has been prepared by Technical Committee CEN/CLC/JTC 10 43 
“Energy-related products - Material Efficiency Aspects for Ecodesign”, the secretariat of which is held by 44 
NEN/NEC. 45 

This document is currently submitted to the CEN Enquiry. 46 

The dual logo CEN-CENELEC standardization deliverables, in the numerical range of 45550 – 45559, 47 
have been developed under standardization request M/543 of the European Commission and are 48 
intended to potentially apply to any product within the scope of the Energy-related Products (ErP) 49 
Directive (2009/125/EC). 50 

Topics covered in the above standardization request are linked to the following material efficiency 51 
aspects: 52 

a) Extending product lifetime; 53 

b) Ability to re-use components or recycle materials from products at end-of-life; 54 

c) Use of re-used components and/or recycled materials in products 55 

These standards are general in nature and describe or define fundamental principles, concepts, 56 
terminology or technical characteristics. They can be cited together with other product-specific or 57 
product group standards, e.g. developed by product technical committees. 58 

The present standard is intended to be used by product technical committees when producing product 59 
specific or product group standards. 60 
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Introduction 61 

As Energy-related Products (ErP) can often not be completely recycled and the benefits associated with 62 
material recovery cannot fully compensate the energy (and material) demand of the whole production 63 
chain, each disposed ErP also means losses in energy and materials. Therefore, increasing durability of 64 
ErPs can contribute to reduce the material and energy demand and related environmental impacts. 65 

When considering durability, the trade-off between longer lifetime (reducing impacts related to the 66 
manufacturing and disposal of the product) and reduced environmental impacts of new products 67 
compared to worse and/or decreasing energy efficiency of older products needs to be considered. 68 
Considerations such as these are addressed in the preparatory studies commissioned under Directive 69 
2009/125/EC. Whilst such aspects establish a relevant context for this standard, they are not addressed 70 
in this document. 71 

This standard covers a general method for the assessment of the durability of ErPs. To cover the whole 72 
lifetime of a product, the generic standards on “Ability to repair, reuse and upgrade – 73 
CLC/prEN 45554:2019”, “Ability to re-manufacture – CLC/prEN 45553:2019”, (bothcurrently under 74 
preparation) or similar standards can be taken into consideration. 75 

This document describes general assessment approaches that can be adapted for application at a 76 
product-specific level In order to assess the durability of ErP. Reliability is an element of durability, 77 
representing the assessment of the time from first use to first failure or in-between failures, whilst 78 
durability is the whole assessment from production to end of life. 79 
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1 Scope 80 

This document defines parameters and methods as a framework in order to assess the durability of ErP. 81 
It is intended to be used in preparation of product-specific standardization deliverables on durability 82 
assessment. 83 

2 Normative references 84 

The following documents are referred to in the text in such a way that some or all of their content 85 
constitutes requirements of this document. For dated references, only the edition cited applies. For 86 
undated references, the latest edition of the referenced document (including any amendments) applies. 87 

EN 12973:2000, Value management 88 

CLC/prEN 45559, Methods for providing information relating to material efficiency aspects of energy-89 
related products 90 

EN 62308:2006, Equipment reliability - Reliability assessment methods 91 

EN 62506:2013, Methods for product accelerated testing 92 

EN 60812, Analysis techniques for system reliability - Procedure for failure mode and effects analysis 93 
(FMEA) 94 

3 Terms and definitions 95 

For the purposes of this document, the following terms and definitions apply. 96 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 97 

• IEC Electropedia: available at http://www.electropedia.org/ 98 

• ISO Online browsing platform: available at http://www.iso.org/obp 99 
Note 1 to entry: See CLC/prTR 45550 for additional definitions. 100 

3.1 101 
durability 102 
durability <of a part or a product> 103 
ability to function as required, under defined conditions of use, maintenance and repair, until a final 104 
limiting state is reached 105 

Note 1 to entry: The degree to which maintenance and repair are within scope of durability will vary by product 106 
or product group. 107 

Note 2 to entry: The final limiting state has to be defined by the user of this document. For more information 108 
see Figure D.1. 109 

3.2 110 
limiting event 111 
event which results in a primary or secondary function no longer being delivered 112 

Note 1 to entry: Examples of limiting events are failure, wear-out failure or deviation of any analogue signal. 113 

http://www.electropedia.org/
http://www.iso.org/obp
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3.3 114 
limiting state 115 
condition after one or more limiting event 116 

3.4 117 
maintenance 118 
action carried out to retain a product in a condition where it is able to function as required 119 

Note 1 to entry: Examples of such actions include inspection, adjustments, cleaning, lubrication, testing, and 120 
replacement of wear-out part. Such actions could be performed by users in accordance with instructions provided 121 
with the equipment (e.g. replacement or recharging of batteries); or the actions could be performed by service 122 
personnel in order to ensure that parts with a known time to failure are replaced in order to keep the product 123 
functioning. 124 

3.5 125 
reliability 126 
probability that a product functions as required under given conditions, including maintenance, for a 127 
given duration without failure 128 

Note 1 to entry: The intended function(s) and given conditions are described in the user instructions provided 129 
with the product. 130 

Note 2 to entry: Duration can be expressed in units appropriate to the part or product concerned, e.g. calendar 131 
time, operating cycles, distance run, etc., and the units should always be clearly stated 132 

3.6 133 
primary function 134 
function fulfilling the intended use 135 

Note 1 to entry: There can be more than one primary function. 136 

3.7 137 
secondary function 138 
function that enables, supplements or enhances the primary function(s) 139 

[SOURCE: EN 62542:2017; 5.14,] 140 

3.8 141 
tertiary function 142 
function other than a primary or a secondary function 143 

[SOURCE: EN 62542:2017; 5.16, modified examples deleted] 144 

3.9 145 
functional analysis 146 
process that describes the functions of a product and their relationships, which are systematically 147 
characterised, classified and evaluated 148 

3.10 149 
normal environmental conditions 150 
characteristics of the environment in the immediate vicinity of the product during transport, storage, 151 
use, maintenance and repair life phases, which may affect its performance during normal use 152 

Note 1 to entry: Examples of environmental conditions are pressure, temperature, humidity, radiation, 153 
vibration. 154 
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Note 2 to entry: Given normal environmental conditions and defined environmental conditions of transport, 155 
storage, use, maintenance and repair, refer to a specified subset of normal environmental conditions which are 156 
used for the assessments. 157 

3.11 158 
normal use 159 
use of a product, including its transport and storage, or a process, in accordance with the provided 160 
information for use or, in the absence of such, in accordance with generally understood patterns of 161 
usage 162 

Note 1 to entry: Normal use should not be confused with intended use. While both include the concept of use as 163 
intended by the manufacturer, intended use focuses on the purpose while normal use incorporates not only the 164 
purpose, but transport and storage as well 165 

[SOURCE: IEV 871-04-22] 166 

3.12 167 
normal operating conditions 168 
characteristic in operation which may affect performance of the product during intended use 169 

Note 1 to entry: Examples of operating conditions are, modified environmental conditions when the product 170 
operates (Self-heating, condensation), characteristics of the power supply, duty cycle, load factor, vibration due to 171 
operation. 172 

Note 2 to entry: Given normal operating conditions and defined operating conditions of use, maintenance and 173 
repair, refer to a specified subset of normal operating conditions which are used for the assessments. 174 

3.13 175 
intended use 176 
use in accordance with information provided with a product or system, or, in absence of such 177 
information, by generally understood patterns of usage 178 

Note 1 to entry: Intended use should not be confused with normal use. While both include the concept of use as 179 
intended by the manufacturer, intended use focuses on the purpose while normal use incorporates not only the 180 
purpose, but transport and storage as well. 181 

[SOURCE: ISO/IEC Guide 51:2014; 3.6, modified Note 1 to entry added] 182 

3.14 183 
wear-out failure 184 
failure due to cumulative deterioration caused by the stresses imposed in use 185 

Note 1 to entry: The probability of occurrence of a wear-out failure typically increases with the accumulated 186 
operating time, number of operations, and/or stress applications. 187 

Note 2 to entry: In some instances, it may be difficult to distinguish between wear-out and ageing phenomena. 188 

[SOURCE: IEV 192-03-15] 189 

3.15 190 
repair 191 
process of returning a faulty product to a condition where it can fulfil its intended use (3.13) 192 
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3.16 193 
part 194 
hardware or software constituent of a product 195 

[SOURCE: CLC/prEN 45554; 3.2] 196 

4 Concept and process overview 197 

4.1 Concept 198 

There are some key concepts to consider when addressing durability. The durability can be limited by 199 
fatigue/ageing of a part, which can cause a limiting event. A limiting event occurs when a primary or 200 
secondary function is no longer delivered. This results in the product being in a limiting state. The 201 
durability assessment can take into account a number of maintenance and repair actions. The 202 
maintenance and repair actions shall be included in the given normal environmental and operating 203 
conditions. Durability is usually expressed as time, number of cycles or distance. 204 

The reliability of a product is directly related to its probability of failure or its failure rate (examples are 205 
available in EN 61703:2016) under given normal environmental and operating conditions. When 206 
carrying out a reliability assessment, the statistical distribution of limiting events is considered. 207 

The time at which a certain percentage of products have reached a limiting state (e.g. time by which 208 
10 % will fail) is used to assess and compare the time to a limiting event. However, other reliability 209 
assessments such as mean time to failure (MTTF), mean time to first failure (MTTFF) and mean time 210 
between failures (MTBF) are also used. The reliability assessment between the first use of the product 211 
and the first limiting event does not take repair into account. However, the reliability assessment 212 
between two consecutive limiting events takes into account the effects of a previous repair. 213 
NOTE Reliability and durability are defined in the standardization framework and are relevant methods to 214 
estimate the technical lifetime of a product. Whilst “Minimum Lifetime” can be specified this requires a wider 215 
consideration than reliability and durability assessment, as it could include additional aspects such as economic, 216 
social or regulatory requirements. 217 

4.2 Process overview and guidance 218 

The users of this document shall specify the product group in terms of functions and, if applicable, in 219 
accordance with relevant product group standards (see subclause 5.1). 220 

The users of this document shall use the results of the functional analysis (see subclause 5.1), 221 
environmental and operating conditions (see subclause 5.2) and additional input data (see subclause 222 
subclause 5.3) in order to conduct a product group specific reliability analysis developed for a product 223 
group (see subclause 6.2). The result is a rank-ordered list of functions and parts providing the 224 
functions linked to 225 

— failure modes, 226 

— failure sites, and 227 

— failure frequencies. 228 

Consecutively, the reliability of the functions/parts should be validated by either existing methods or 229 
methods which have to be developed (see subclause 6.3). In succession, the reliability of the product 230 
should be validated (see subclause 6.4). These can then be used for conformity assessment of individual 231 
products in the respective product group. 232 
NOTE 1 Product group, as used in this document, refers as an umbrella term to a group of products with similar 233 
properties and main function(s). 234 
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NOTE 2 Software and/or firmware are also considered as part. 235 

For the durability analysis of a product group (see subclause 7.3), the user of this document shall take 236 
into account among others, repair considerations, special environmental conditions and misuse (see 237 
subclause 7.2). Consecutively, the durability of the product should be validated (see subclause 7.4). 238 

Results of the reliability and durability analysis may be reported according to Clause 8. 239 

Figure 1 illustrates the key stages and the information required for an assessment of the reliability and 240 
durability. The user of this document shall use the standard in accordance to it. 241 

 242 

Figure 1 — General reliability and durability assessment procedure 243 

5 Definition of the Product 244 

5.1 Functional analysis 245 

The product group being addressed shall be defined in terms of functions. Functional analysis is a 246 
process that results in a comprehensive description of the functions and their relationships, which are 247 
systematically characterized and classified. Any complete functional analysis enables a detailed 248 
understanding regarding the product characteristics, how the functionality can be achieved embedding 249 
constraints coming from regulatory framework (such as EMC). Functional analysis in accordance with 250 
EN 12973:2000 A.1.2 or equivalent should be applied to determine all functions of the product group 251 
during its lifecycle. Functional analysis is a restricted data in accordance with CLC/prEN 45559. 252 
NOTE However focusing to the assessment method of durability the scope of the functional analysis might 253 
cover only transportation, storage, use, maintenance and repair phases. As example of functional analysis, the 254 
FAST methodology could be applied (EN 12973:2000; A.1.2.2.3.c) to assess an existing product or to design a 255 
product. 256 

There are three types of functions: 257 

— primary function(s); 258 

— secondary function(s); 259 

— tertiary function(s). 260 
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The user of this document shall select functions which are representative for the majority of the 261 
products of a product group as input to the reliability analysis described in subclause 6.2 and durability 262 
analysis described in subclause 7.2. The user of this document shall identify those parts of the products 263 
that are involved in providing a specific secondary function. If a specific function can be achieved by 264 
different technologies, each technology shall be assessed individually. 265 

5.2 Environmental and operating conditions 266 

The given normal environmental and operating conditions are a set of parameters reflecting the 267 
expected application and use patterns. The user of this document shall define these parameters for the 268 
respective product group. Examples of environmental and operational conditions are given in 269 
Annex A.1. 270 

5.3 Additional information 271 

Apart from the selected functions (see subclause 5.1) and the given normal environmental and 272 
operating conditions (see subclause 5.2), additional information is needed to conduct a reliability and 273 
durability analysis. Information shall be representative in terms of geographical, time-related and 274 
technological coverage. 275 

The following sources of information related to failures can be considered as input for the reliability 276 
and durability analysis: 277 

— Experience from past or current products; 278 

— Field data; 279 

— Failure Mode and Effect Analysis (FMEA), see A.3, and Fault Tree Analysis (FTA), see EN 61025; 280 

— Manufacturers constraints; 281 

— Regulations; 282 

— Stress analysis (see Annex A.2) and Damage modelling (see A.4); 283 

— Test results already available; 284 

— Consumers expectations; 285 

— Risk assessment. 286 

FMEA shall be in accordance with EN 60812. It shall include any foreseeable misuse and limiting events. 287 
NOTE 1 Information on limiting events and states can be found in Annex D. 288 

In order to evaluate the product in relation to all input parameters, data collection and analysis is 289 
necessary. Existing testing data may include parts level tests under several conditions and with several 290 
samples. This data may also include information on misuses and failures from past or current 291 
operations experience, field experience, consumer expectations, manufacturer’s constraints and 292 
regulations, as well as risk assessments. 293 

Additional considerations affecting the reliability (e.g. MTBF) and durability assessments are as follows: 294 

— Repair, reuse and upgrade considerations (see CLC/prEN 45554 or similar standard and C.1); 295 

— Refurbishment considerations. 296 
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NOTE 2 Reliability data on electronic parts contained within the product can be available within published 297 
reliability handbooks (See IEC/TR 62380 or similar standard). 298 

6 Reliability 299 

6.1 General considerations 300 

For the purpose of conducting reliability analysis, given normal environmental and operating 301 
conditions shall be considered. The analysis links functions to failure modes and failure sites. The result 302 
of the analysis may be expressed as failure rate, probability of failure or survival, or time to failure 303 
(TTF). The failure mechanisms likely to be experienced by the product will determine which of the 304 
reliability criteria is appropriate and relevant. These shall be followed by an analysis of parts 305 
responsible for causing the respective failures as described in subclause 6.2, leading to a ranked list. 306 
The results of subclause 6.2 shall be used to identify or develop a validation method according to 307 
subclause 6.3. The procedure described in this paragraph shall be repeated if design or input data have 308 
been modified. 309 

6.2 Reliability analysis 310 

The reliability method shall take into account each function selected in subclause 5.1 according to 311 
EN 62308:2006 or similar standards. This analysis should consider additional information (see 312 
subclause 5.3). The user of this document shall specify what constitutes a failure within the product 313 
group in the intended application. 314 

The analysis allows the identification of the failure mode, the location(s) of the failure and the parts 315 
which are involved in the failure for each analysed function. An FMEA or similar analysis shall be 316 
conducted (see A.3). The user of this document shall establish the results as a list of failure sites, 317 
mechanisms, and modes. Failure modes affecting selected functions should be listed and ranked 318 
according to likelihood. The failures most likely to occur affecting selected functions shall be 319 
determined and the related parts identified. 320 

Users of this document shall state, if applicable (e.g. MTBF), in which way and to which extent repair 321 
and refurbishment is considered for the respective product group. 322 

6.3 Validation method 323 

The purpose of the validation is to determine the reliability of a product and to establish, if applicable, 324 
measurement methods for testing or accelerated testing of a defined set of functions or parts of a 325 
product for a product group selected in subclause 5.2. 326 
NOTE 1 On accelerated testing see also Annex B.2 for further information. 327 

In general, preference shall be given to existing methods. However, the user of this document shall 328 
ensure that these methods are appropriate or check if they need to be adapted for the purpose of 329 
reliability validation. If no applicable validation method exists, it shall be developed in accordance with 330 
related standards. Any developed validation method shall be technically justified and produce results 331 
within defined confidence limits without being prohibitively expensive or being overly time consuming. 332 
When accelerated tests can be carried out, EN 62506:2013 or similar standard shall be applied, which 333 
provides guidance on the application of various accelerated test techniques for measurement. 334 
Measurement uncertainties shall be stated for any developed test method. 335 
NOTE 2 Related standards for the development of a method are e.g. IEC 61123, IEC 61124 or similar standards. 336 

NOTE 3 If the test is accelerated, the sample size and the test time can be reduced. The larger number of 337 
failures reduces the statistical uncertainty, but the technical uncertainty is higher, since the accelerated test 338 
conditions can cause failure modes that do not occur in the field. If accelerating factors (see Annex A.5) are used, 339 
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they are chosen so as to avoid the introduction of failure mechanism which differs from those occurring in the 340 
field. 341 

Methods (existing or developed) shall be applied in order to validate the reliability according to the 342 
following priorities: 343 

1) Failure rate, time to failure or survival of the whole ErP; 344 

2) functions/parts selected in subclause 5.1/6.2 integrated in the ErP; 345 

3) functions/parts selected in subclause 5.1/6.2 not integrated in the ErP. 346 

For each specific product group and intended use case the validation method(s) shall be one or more of 347 
the following: 348 

— physical testing and/or 349 

— calculation from available data (e.g. reliability figures or test results for parts) and/or 350 

— Calculation from field data. 351 

The selected method may be different when assessing the whole product or specific parts; it may also 352 
be different depending on the stress against which the product or part is assessed (see B.1). 353 

The tests shall be specified in terms of test parameters and if applicable test apparatus (arrangement 354 
and dimension of test equipment) and a description how to conduct the test. The test shall be 355 
accompanied by a sampling plan. Testing procedures shall be tailored to reflect the given normal 356 
environmental and operating conditions and stresses that the product will be exposed to in the use 357 
phase. 358 

6.4 Summary of outputs of the reliability analysis 359 

The user of this document shall require the following outputs to be available: 360 

— List of failures, parts and functions as selected in subclause 6.2; 361 

— Environmental and operating conditions as defined in subclause 5.2; 362 

— Reliability results; 363 

— Failure rates and confidence intervals as appropriate; 364 

— Applicable and applied validation methods. 365 

7 Durability 366 

7.1 General considerations 367 

Durability analysis within this standard shall investigate the ability of any function or part selected in 368 
subclause 5.1 to function as required including possible maintenance, repair and refurbishment actions 369 
(see also C.1). The verification and validation of the durability assessment for products should be 370 
considered separately, including or excluding repair. For each product addressed, it may be necessary 371 
to tailor the approach to determine the limiting event using reliability analysis (see subclause 6.2) 372 
based upon the available information and the selected functions (see subclause 5.1). 373 

A durability analysis examines the response of a product to the stresses imposed by operating and 374 
environmental conditions in lifecycle stages such as use, maintenance, repair, transport, storage. 375 



prEN 45552:2018 (E) 

14 

Limiting events are usually assumed to be reversible by e.g. repair of the product, and occur due to a 376 
variety of causes, such as defects in the product, improper use, damage due to unusual conditions, 377 
inadequate maintenance or repair, etc. 378 

7.2 Durability analysis 379 

Users of this document shall state, if applicable, in which way and to which extent maintenance, repair 380 
and refurbishment is considered for the respective product group. 381 

Durability analysis shall be carried out according to EN 62308:2006; 9.3, as follows: 382 

1) identify applicable environmental and operating conditions (see subclause 5.2) and related stresses 383 
(A.2); 384 

2) identify transfer functions (see subclause 5.1); 385 

3) identify magnitude and locations of stresses (A.2); 386 

4) identify likely failure sites, mechanisms and modes (part of the subclause 6.2); 387 

5) identify the durability using appropriate damage model(s) (A.4) and acceleration factors (A.5). 388 

7.3 Validation method 389 

The purpose of the validation is to determine the durability and to establish, if applicable, measurement 390 
methods for testing or accelerated testing of a defined set of functions or parts identified in 391 
subclause 7.2. 392 
NOTE On accelerated testing see also B.2 for further information. 393 

In general, preference shall be given to existing methods. However, the user of this document shall 394 
ensure that these methods are appropriate or check if they need to be adapted for the purpose of 395 
durability validation. If no applicable validation method exists, it shall be developed in accordance with 396 
related standards. Any developed validation method shall be reliable, repeatable and reproducible 397 
without being prohibitively expensive or being overly time consuming. When accelerated tests can be 398 
carried out, EN 62506:2013 or similar standards shall be applied, which provides guidance on the 399 
application of various accelerated test techniques for measurement. Measurement uncertainties shall 400 
be stated for any developed test method. 401 

For each specific product group and intended use case the validation method(s) shall be one or more of 402 
the following: 403 

— physical testing and/or 404 

— calculation from available data (e.g. reliability figures or test results for parts) and/or 405 

— field data. 406 

The selected method may be different when assessing the whole product or specific parts; it may also 407 
be different depending on the stress against which the product or part is assessed (see B.1). 408 

The tests shall be specified in terms of test parameters and if applicable test apparatus (arrangement 409 
and dimension of test equipment) and a description of how to conduct the test. The test shall be 410 
accompanied by a sampling plan. Testing procedures shall be tailored to reflect the given normal 411 
environmental and operating conditions and stresses that the product will be exposed to in the use 412 
phase. 413 
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The user of this document shall differentiate when durability only focuses on aging, fatigue and wear-414 
out due to environmental and operating conditions, or when the durability assessment also considers 415 
maintenance and repair actions, until end of product life. 416 

It is necessary to carry out a durability analysis to validate a durability of a product or part under given 417 
environmental and operating condition. 418 

7.4 Summary of outputs of the durability analysis 419 

The user of this document shall require the following outputs to be available: 420 

— List of failures, parts and functions as selected in subclause 7.2; 421 

— Environmental and operating conditions as defined in subclause 5.2; 422 

— Durability results related to e.g. aging, fatigue and wear-out in terms of expected agreed output 423 
units (time, cycle, distance…) without maintenance, repair, reuse, upgrade and refurbishment; 424 

— Durability results of expected agreed output units (time, cycle, distance…) including maintenance 425 
and when considered applicable, repair, reuse, upgrade and refurbishment; 426 

— Applicable and applied validation methods. 427 

8 Reporting reliability and durability aspects 428 

8.1 General 429 

The user of this document shall ensure that their standards include requirements for reporting material 430 
efficiency aspects as follows: 431 

— The assessment of reliability and durability of product(s) shall be documented in a report. 432 

— The assessment report itself is likely to be considered as data sensitivity level <3> in accordance to 433 
CLC/prEN 45559 434 

— The assessment report shall also include data and information of importance for any results 435 
published in data sensitivity levels < 2 and / or 1 > , for the different stakeholders. 436 

— Special care shall be taken to demonstrate transparency and the correlation between information 437 
on the results of the assessment and the input data and assumptions used. 438 

8.2 Elements of the assessment report 439 

The user of this document shall ensure that their standard(s) sufficiently cover that when reporting 440 
material efficiency aspects results, data, methods, assumptions, limitations and conclusions shall be 441 
completely and accurately reported. 442 

The report shall follow the following structure: 443 

A. General aspects 444 

1) Instigator of the assessment 445 

2) Date of report, place, etc. 446 

3) List of standards applicable to the assessment 447 
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B. Scope of assessment 448 

1) Description of product assessed 449 

2) Description of cut-off rules applied (see subclause 6.2 and 7.2) 450 

C. Input data and approach for the assessment of reliability and durability 451 

1) Description of data and other information used/needed for the assessment (see Clause 5) 452 

2) Methods or tools used in the assessment (see subclause 6.2, 6.3, 7.2 and 7.3) 453 

D. Output of the assessment 454 

1) Result of the assessment covering a list of qualitative and quantitative reliability and durability 455 
content that could be reported for different stakeholders (see subclause 6.4 and 7.4) 456 

2) List of applicable references (incl. standards, requirements and policies). 457 
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Annex A 458 
(informative) 459 

 460 
Additional details on durability and reliability analysis 461 

A.1 Environmental and operating conditions 462 

The normal environmental and operating conditions are usually a list of defined constraint values or 463 
ranges within a product specific standard reflecting standardized values surrounding the product for an 464 
expected application (home, building, industrial, etc.) and operation. 465 

The given normal environmental and operating conditions in this document are a list of values or 466 
ranges to carry out the reliability and durability analyses within the normal environmental and 467 
operating conditions. 468 

It may not be possible to quantify all the necessary information regarding operational and 469 
environmental conditions. Many of the relevant conditions occur only in certain phases of the 470 
equipment’s expected life. It is important to determine or arrive at a credible estimate of the duration of 471 
such conditions. 472 

Examples for operating conditions: 473 

— electrical stresses due to the operation of the equipment; 474 

— transient voltage, electrostatic discharge, frequency variation; 475 

— steady-state temperature due to self-heating; 476 

— temperature variations due to turning the equipment on and off; 477 

— mechanical stresses: pressures, forces, torques, shocks, vibration, drop, mechanical impacts 478 

— moisture conditions due to humidity and condensation; and 479 

— electromagnetic field emission. 480 

Examples for environmental conditions: 481 

— temperature and humidity (including variations, time, expected total duration along life time); 482 

— variations of supplies such as frequency, voltage, as well capability such as power and cooling; 483 

— ambient chemical contaminants, particles and deposit; 484 

— electromagnetic field in the environment; and 485 

— mechanical vibration. 486 
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A.2 Stress analysis 487 

Stress-strength analysis is a method to determine capability of a part or product to withstand electrical, 488 
mechanical, environmental, or other stresses that might be a cause of a failure. These analyses 489 
determine the physical effect of stresses on a part or product, as well as its mechanical or physical 490 
ability. Primary uses are: 491 

— To determine the reliability or the durability of specific mechanical or electrical parts; 492 

— To determine likelihood of occurrence of a specific failure mode due to an individual cause in a part. 493 

Stress analysis requires a detailed knowledge of properties such as the part materials and construction, 494 
and proper modelling of expected stresses. Such analyses can provide realistic insights into part or part 495 
reliability in relation to the expected failure mechanisms, and can account for the way in which stresses 496 
change with different design variations. 497 

Probability of failure (reliability) is directly related to the applied stresses. Part structural reliability is 498 
the capability of a part to withstand environmental, electrical, mechanical or other stresses, which 499 
depends on strength or load-carrying capability. Determination of this load-carrying capability and 500 
stress involves uncertainty, so they are modelled as random variables. The overlap of these random 501 
variables in a distribution represents the degree of probability that the stress will exceed the strength 502 
and a failure will occur. An evaluation of the mean values and variances of the random variables is often 503 
simplified to one stress variable compared to strength of the part. In general terms, the strength and 504 
stress is represented by a performance function or state function that is representative of a multitude of 505 
design variables including capabilities and stresses. A positive value for this function represents the 506 
safe state while a negative value represents the failure state. 507 

The results of stress analysis are usually reported graphically, with the areas of greatest stress being 508 
highlighted in some easily detectable way. An example of given normal environmental conditions are 509 
shown below: 510 

Low air temperature:  +5°C with a tolerance of 0 °C +2 °C:  10 days / year 

Average air temperature  +20°C:  345 days / year 

High air temperature:  +40°C with a tolerance of −2 °C 0 °C:  10 days / year 
This type of analysis would not be accurate enough to assess durability based on damage modelling 511 
even if in Europe temperate conditions are met according to EN 60721-2-1. 512 

As an example Figure A.1 shows two curves of temperature distribution lower than 20 °C as yearly 513 
average of two temperate climates met in Europe such as Stockholm (Sweden) and Malaga (Spain), 514 
which will be influenced by the building construction, internal waste and all device influencing the 515 
temperatures surrounding the ErP. 516 
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 517 

Figure A.1 — Example of temperature distribution 518 

A.3 Damage modelling 519 

After the types, locations and magnitudes of the stresses are identified, their effect in causing wear-out 520 
failures is determined. This is done using damage models, which are mathematical equations that 521 
predict how long a given part or product withstands a given stress before failure due to wear-out. 522 
Whilst useful for predicting wear-out failures due to the accumulation of damage caused by operating 523 
or environmental stresses, such models are not applicable to failures due to overstress. 524 

Damage models may also be used in accelerated testing to estimate the behaviour of a part or product 525 
over a longer time at a lower stress level, based on its behaviour in a shorter time at a higher stress 526 
level. 527 

The main damage models (Arrhenius, Inverse power law, Eyring…) can be found in EN 62308:2006 528 
standard (Annex B - Durability analysis), EN 61709 standard (Reference conditions for failure rates and 529 
stress models for conversions), EN 62506:2013 standard (Methods for product accelerated testing) or 530 
similar standards. These standards also describe parameters influencing the energy of activation. 531 
NOTE Most life-stress models (see EN 62308:2006; 13.1 and 13.2) contain an empirical constant A, which is 532 
usually unknown a priori and can only be obtained by testing for a specific failure mechanism under specific test 533 
conditions. Also the measure of life will affect the value of A, for example product's life can be measured as MTBF, 534 
MTTF, B10-life, Weibull characteristic life η or even as time to the first failure. Therefore, it is more common to 535 
analyse test data based on acceleration factor, AF. 536 

Damage models are, by nature, inexact. The most effective models usually represent a compromise 537 
between the extremes of: 538 

— attempting to describe the situation so completely that they become so complex and data hungry 539 
that they are unusable, and 540 

— being so simple that they are inaccurate. 541 

A.4 Acceleration factors (AF) 542 

The acceleration factor is a ratio of the life at a use level of stress to the life at the elevated level of 543 
stress. 544 

It is common to analyse test data based on acceleration factor, AF (see EN 62506:2013). Each assessed 545 
part or material requires the knowledge of their energy of activation. Figure A.2 highlights three 546 
examples based on temperature variations, and Arrhenius ageing model related to an energy of 547 
activation at 0.9 ev. The three examples of the Figure A.2 show the importance of accurate input data 548 
and testing data related to the durability and reliability assessments influenced by the various 549 
acceleration factors. 550 
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The three examples are as follows: 551 
EXAMPLE 1 Three cases of thermal environmental or operating conditions and one case for testing 552 
temperature (constant) modify the ageing rate of the product with 3 respective ageing factors. 553 

EXAMPLE 2 One case of thermal environmental or operating conditions (constant), and three cases for testing 554 
temperatures modify the ageing rate of the product with 3 respective ageing factors. 555 

EXAMPLE 3 One case of thermal environmental or operating conditions (cycle), and three cases for testing 556 
temperatures (cycles) modify the ageing rate of the product with 3 respective ageing factors. 557 

The example 2 and 3 show step stress tests, where stress is increased, after each specified interval, until 558 
failure occurs or a predetermined stress level is reached (See EN 62506:2013, 5.6.2.2). 559 

The results for each example are the various acceleration factors. The acceleration factor assumes the 560 
relation between the time to failure in use conditions (field) and the time under testing conditions 561 
(test). 562 

Example 1: 563 

Use conditions Testing conditions Acceleration factor: AF 

Temperatures (°C)/Time, cycle, 
distance (unit) 

Temperatures 
(°C)/Time, cycle, 
distance (unit) 

Case 1 Case 2 Case 3 Case 1 Case 
2 

Case 
3 

Case 1 Case 2 Case 3 

Average 
= 20 

Average = 
20 

Average = 
20 

Average = 40 Average = 
10 

Average = 
13 

Average = 
14 

Ambient 
air 

Fixed 
value 

Ambient 
air 
2 

thresholds 

Ambient 
air 

Daily 
variation 

Testing conditions: 
fixed value 

Time to failure: 
Time (use) = AF * Time (test) 

Arrhenius: Ea* = 0,9 ev 
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Example 2: 564 

Use conditions Testing conditions Acceleration factor: AF 

Temperatures 
(°C)/Time, cycle, 

distance (unit) 

Temperatures (°C)/Time, cycle, 
distance (unit) 

Case 
1 

Case 
2 

Case 
3 

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 

Average = 20 Average 
= 40 

Average = 4
0 

Average = 6
0 

Average = 1
0 

Average = 1
6 

Average = 1
04 

Ambient air 
Fixed value 

Testing 
θ 

Testing θ 
3 

thresholds 

Testing θ 
3 

thresholds 

Time to failure: 
Time (use) = AF * Time (test) 

Arrhenius: Ea* = 0,9 ev 

   
Example 3: 565 

Use conditions Testing conditions Acceleration factor: AF 

Temperatures (°C)/Time, 
cycle, distance (unit) 

Temperatures (°C)/Time, cycle, 
distance (unit) 

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 

Average = 20 Average 
= 40 

Average = 
40 

Average = 
60 

Average 
= 14 

Average 
= 35 

Average 
= 223 

Ambient air daily variation Testing θ Testing θ 
3 

thresholds 

Testing θ 
3 

thresholds 

Time to failure: 
Time (use) = AF * Time (test) 

Arrhenius: Ea* = 0,9 ev 

   

Figure A.2 — 3 Examples combining use and testing conditions, influencing the acceleration 566 
factors 567 
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The Table A.1 shows potential observed failures related to the example 2: 568 

Table A.1 — Example of a cumulative damage in % for the example 2 569 
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04
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 N
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Te
st

 N
°2

 

Te
st

 N
°3

 

1 20 40 35 55 960 9.8 5.7 44.9 0 0 0 

2 20 40 45 65 320 9.8 16.5 115.1 0 1 4 

3 20 40 60 80 160 9.8 72.4 427.8 0 3 9 
Example 2 highlights three acceleration factors with the related to the following expectations: 570 

— The analysed part is expected to operate during 5 years under the normal use conditions 571 

— The test time unit is hour 572 

— The energy of activation Ea is 0.9eV and Arrhenius’s law is the damage model 573 

In accordance with these expectations, the preferred test sequence is the N°3 for the following reasons: 574 

Test N°1: AF is 9.8 and the test duration should be 5 × 365 × 24/9.8 = 4469 h > 1440 h 575 

Test N°2: AF is 16 and the test duration should be 5 × 365 × 24/16 = 2737 h > 1440 h 576 

Test N°3: AF is 104 and the test duration should be 5 × 365 × 24/104 = 421 h < 1440 h and if 10 % is 577 
the maximum acceptable cumulative damage during the expected lifespan (5 years). 578 
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Annex B 579 
(informative) 580 

 581 
Additional details on test development 582 

B.1 Stress modelling 583 

The following procedure should be applied: 584 

— identify the relevant stress factors from the field (see the EN 60721 series or similar standard); 585 

— determine which stress types have to be accelerated, which will be nominal and which can be 586 
omitted, e.g. because they are covered by other tests; 587 

— determine if the stresses can be applied simultaneously to include stress interactions or whether 588 
they will have to be applied sequentially, e.g. in a test cycle (see EN 60605-2 or similar standard); 589 

— determine if the acceleration factor (AF) can be estimated from the test or estimate the acceleration 590 
factors based on relevant acceleration equations and relevant empirical factors; 591 

— determine the sample size (see EN 61649, IEC 61123, IEC 61124 or similar standards); 592 

— perform the test (see EN 60300-3-5 or similar standard); 593 

— perform failure analysis; 594 

— analyse the test – each failure mode separately (see EN 61649, EN 61710, EN 61124 or similar 595 
standards); 596 

— report test result (see EN 60300-3-5 or similar standard). 597 

EN 62506:2013 or similar standard should be used for more detail about the quantitative test methods, 598 
using multiple stresses accelerations and life test (see EN 62506:2013; 5.7.2). 599 

B.2 Accelerated tests 600 

When accelerated tests are carried out the EN 62506:2013 or similar standard should be applied, which 601 
provides guidance on the application of various accelerated test techniques for measurement or 602 
improvement of product reliability. 603 

EN 62506:2013 standard addresses accelerated testing of non-repairable and repairable products. It 604 
can be used for probability ratio sequential tests, fixed duration tests and reliability 605 
improvement/growth tests, where the measure of reliability differs from the standard probability of 606 
failure occurrence. This standard also includes accelerated testing or production screening methods 607 
that would identify weakness introduced into the product by manufacturing error. 608 

Figure B.1 could be applied. 609 
NOTE Figure B1 has been modified from EN 62506:2013 to show the most appropriate accelerated testing 610 
methods type B and type C focussing to the useful lifetime under precaution as mentioned by the standard. 611 
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 612 

Figure B.1 — Accelerated Life Tests (ALT) - Life tests (EN 62506:2013, modified) 613 

There are three distinctly different approaches: 614 

— Type A: qualitative accelerated tests: for detection of failure mode and/or phenomenon; It verifies, 615 
through analysis and testing, that there are no potential failure modes in the product that are likely 616 
to be activated during the expected life time of the product under the expected operating 617 
conditions; 618 

— Type B: quantitative accelerated tests: for prediction of failure distribution in normal use; it 619 
estimates how many failures can be expected after a given time under the expected operating 620 
conditions. Type B tests use cumulative damage methods to determine product reliability projected 621 
to the end of the expected product life. 622 

— Type C: quantitative time and event compression tests: for prediction of failure distribution in 623 
normal use. Type C tests are mostly used for estimation of the life time of parts where wear-out in 624 
active use is the dominating failure mode; for example switches, keyboards, relays, connectors or 625 
bearings. Time compression is achieved by eliminating “OFF-time” (e.g. non-operating time) by 626 
compressing the duty cycle through addressing just the ON time. 627 

The purpose of quantitative accelerated tests type B and C, is to estimate one or more measures of 628 
reliability, e.g. failure rate, probability of failure or survival, or time to failure (TTF). Often the purpose 629 
of quantitative accelerated testing is to determine the life time of parts with a limited life (wear-out), or 630 
to determine (quantify) and improve the reliability of products and parts. For this, Weibull analysis is 631 
very useful (see EN 61649 or similar standard). 632 

For a quantitative accelerated test (Type B and C test) the number of items are mainly determined by 633 
whether the purpose of the test is to estimate the average constant risk (exponential failure distribution 634 
assumed) or the purpose is to estimate the time to failure (life time) for the items. 635 

For quantitative accelerated tests (Type B and C) the acceleration factor has to be estimated to link the 636 
test time with the equivalent time in the field. Each failure mode has to be analysed separately. 637 
Therefore a failure analysis is required for all failures. Once an estimate has been made for each failure 638 
mode observed, the failure probability and time to failure can be added to estimate the failure 639 
probability of the product as a function of time. Statistical tools that can be used for analysis include the 640 
following standards: IEC 61123, IEC 61124, EN 60605-6, EN 61649, EN 62506:2013, EN 62429 or 641 
similar standards. 642 
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Annex C 643 
(informative) 644 

 645 
Maintanance and repair considerations for an increased reliability and 646 

durability 647 

C.1 General 648 

This Annex includes considerations relating to the design phase which are not part of the assessment. 649 

Maintenance can in general improve both reliability and durability Note: There might also be trade-offs 650 
between durability and reparability, as a design feature which supports durability and reliability could 651 
hinder easy repair. 652 

The type and nature of a product affects the durability specifications, and products have varying 653 
degrees of reparability. For example, some include maintenance actions and planned exchange of wear-654 
out parts as a normal element of the use cycle and are usually be repaired. While for other products like 655 
small consumer products repair is sometimes not foreseen by product design and spare part 656 
availability. 657 

Durability and reliability analysis enable the identification of relevant functions and parts, and likely 658 
limiting states, which provide product-specific users of this document with insights on the repair and 659 
maintenance strategies necessary to reaching durability expectations beyond time to first limiting 660 
event. Figure C.1 shows the relation between the functional state, the limiting state reached after a 661 
limiting event, the repair period and what is within the durability. When a durability focuses only to the 662 
physic of failure such as the fatigue or wear-out the period of durability is limited to the period covered 663 
by non-repairable item. 664 

 665 

Figure C.1 — Relations between functional state, limiting state, repair and durability 666 
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C.2 Wear-out parts and spare parts considerations 667 

Linked to the analysis of repair and maintenance strategies is the identification of replaceable parts to 668 
facilitate such actions. It is recommended to classify parts for replacement in accordance with their 669 
influence on the targeted product or function. 670 

Wear-out parts are those expected to need replacement during the product lifetime. When maintenance 671 
action is anticipated, it is a condition-based-maintenance action. Spare parts are those made available to 672 
replace worn out parts, but also parts in which limiting event has occurred. 673 

Wear-out and spare parts vary depending upon the product design, product specific standard and the 674 
manufacturer. 675 
EXAMPLE 1 Parts considered to be affected by wear-out are for example: bulbs, filters, wheels, gaskets. 676 

EXAMPLE 2 Parts considered not to be affected by wear-out are for example: cables, adaptors, thermostat, 677 
timers. 678 

Table C.1 gives examples for different types of parts, although the distribution strategy will be the 679 
choice of the manufacturer but could be linked to a maintenance strategy. 680 

Table C.1 — Example of parts 681 

    Spare parts 

    Parts identified in 6.2 Other parts 

  
Primary and secondary functions Tertiary 

functions 

Product groups Consumable Wear-out part expected to 
be periodically replaced 

along cycle, distance, 
duration 

Wear-out part not expected 
to be periodically replaced 

along cycle, distance, 
duration 

Example of 
classification 
depending linked 
to the product 
group 

Water, ink 
cartridge, paper, 
grease, paper 
filter, cleaner 
(powder, liquids), 
fuse, surge 
arresters…. 

bulbs, filters, brushes, hoses, 
wheels, bearings, gaskets, 
sealing, spray arms, oil, 
batteries, tap changer 
contacts…. 

Cables, adaptors, remote 
controls, sensors, thermostat, 
timers, valves, pumps, motors, 
thermostats PCBs modules, 
control buttons, human 
machine interface, bushings… 

NOTE Parts can be subject to more than one category depending on product design, such as batteries. 
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Annex D 682 
(informative) 683 

 684 
Additional details on limiting event and limiting state 685 

Figure D1 below shows the key states of functional states where the product is running and the limiting 686 
state where a limiting event has occurred. A limiting event could be a failure for example be a broken 687 
part, an electrical insulation lost, a flash over through electrical insulation material. In addition a 688 
limiting event could be a wear-out failure for example a noisy bearing, and also could be a signal out of 689 
expected tolerance like a consumption measurement, a LED brightness, a LCD readability, an 690 
environmental disturbance (noise, EMF,...) etc. 691 

Product operation and its parts shift between functional states and limiting states on the basis of the 692 
transitions such as maintenance and repair actions and the limiting events. If a product is running / 693 
functional states and a limiting event occurs, the required function is not delivered. The product will 694 
then be in a limiting state. It is transitioned back into a functional state if maintenance or repair action 695 
is applied. 696 

 697 

Figure D.1 — Main event and state relation 698 

A limiting state can occur due to part failure or wear-out, or could be from a deviation of an analogue 699 
signal. Limiting states can be caused by misuse. For example, the use of an ErP to carry a non-expected 700 
load, the use of an ErP outside its scope or its normal environmental and operating conditions. Some 701 
misuse are reasonably foreseeable – for example the use of a product, process or service in a way not 702 
intended by the manufacturer, but which result from readily predictable human behaviour. For 703 
example, a use of hair dryer to dry clothes, reducing the distance so limiting the air flow creating a 704 
temperature rise and cause a failure. 705 
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