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European foreword 51 

This document (prEN 45552:2019) has been prepared by Technical Committee CEN/CLC TC 10 “Energy-52 
related products - Material Efficiency Aspects for Ecodesign”, the secretariat of which is held by 53 
NEN/NEC. 54 

CEN, CENELEC and ETSI were requested by M/543 to develop horizontal standards and standardisation 55 
deliverables for energy-related products in support of implementation of the Ecodesign Directive 56 
(2009/125/EC) and to contribute to the transition towards a more circular economy. The standards 57 
developed under M/543 will be the baseline for future product publications covering specific energy-58 
related products (ErP) or groups of related ErPs. The primary addressee of the standards in the CEN-CLC 59 
XXXXX series are experts preparing product specific publications on the various covered topics.  60 

Topics covered in the CEN-CLC XXXXX series are inter alia, product durability, reparability, reusability, 61 
recyclability, recycled content, ability to remanufacture, and product lifespan. While various important 62 
topics in the context of material efficiency are covered in the standards of the CEN-CLC XXXXX series, 63 
other subjects of material efficiency, e.g. renewable resources, biodegradable plastics, light weighting and 64 
multi functionality, are not covered for the moment, despite their potential impact on material efficiency. 65 

 66 

This document is currently submitted to the CEN Secretary Enquiry. 67 

 68 

 69 

 70 

Note: Outstanding work still required on this standard includes: 71 

• aligning definitions with WG3, especially introducing definition of “priority part” in alignment with 72 
WG3 73 

• decide if definition of conformity assessment is needed 74 
• figures will be drawn according to CEN/CENELEC rules at a later stage 75 

 76 
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Introduction 77 

As ErP can often not be completely recycled and the benefits associated with material recovery cannot 78 
fully compensate the energy (and material) demand of the whole production chain, each disposed ErP 79 
also means losses in energy and materials. Especially precious and special metals are at present recycled 80 
only to a very limited extent and plastics are mainly used for energy recovery.  81 

Therefore securing a minimum technical life time or prolonging useful life by repair, remanufacturing 82 
and reuse are relevant contributions to resource efficiency of energy-related products. Improving 83 
recyclability of ErP or use of recycled materials in product manufacturing contributes toward closing 84 
material cycles. 85 

In order to ensure that measures are correctly prioritised to reduce the environmental impact related to 86 
ErPs, the entire life cycle of an ErP needs to be considered (via Life Cycle Assessment — LCA according 87 
to the ISO 14040 series). In the case of durability this includes, for example, the evaluation of trade-offs 88 
between longer lifetime (reducing impacts related to the manufacturing and disposal of the product) and 89 
reduced environmental impacts of new products compared to decreasing efficiency of worn-out 90 
products. Considerations such as these are addressed in the preparatory studies commissioned under 91 
Directive 2009/125/EC, which include life cycle assessment and life cycle costing. Whilst such aspects 92 
establish a relevant context for this standard, they are not addressed in detail. 93 

This standard covers a general method for the assessment of the (technical) life time of ErPs. It is 94 
especially linked to the horizontal standards on “Ability to repair, reuse and upgrade” and “Ability to re-95 
manufacture” that have been published under prEN 45554:2019 where they all shall be seen as sub-96 
concepts to prolong the lifetime of products.  97 

Durability refers to the ability of a product or part to function as required under defined conditions until 98 
a limiting state is reached. Once a limiting state is reached, this may represent the end of the product 99 
lifetime. Technical lifetime is the total time period during which a product can technically function before 100 
it is replaced (dictated by the product design), whilst useful lifetime is influenced by wider factors like 101 
economics of operation and maintenance, or obsolescence. A distinction should be made between the 102 
technical withstand (the physical capability of a product or part to withstand the effects of mechanisms 103 
such as fatigue or corrosion, up to a limiting state excluding a repair action), and the durability, which 104 
is determined by defined conditions of maintenance and repair. Reliability is the ability of a product or 105 
part to perform as required without failure, for a given time interval, under given conditions. It is 106 
sometimes considered as an expectation of operating time to failure. Both durability and reliability are 107 
core attributes of the wider concept of dependability, which is the ability of the product to perform as 108 
and when required. These concepts and their assessment are explained in more detail in Annex A.  109 

The durability calculation methods presented in this standard can be used to model wider 110 
environmental and operating conditions than those used by laboratories only reflecting test conditions. 111 

1 Scope 112 

This document defines parameters and methods for the assessment of durability of energy-related 113 
products (ErP) and provides a framework to assess the durability of products based on generic 114 
calculation and tests of the complete product and its (critical) components such as reliability 115 
assessment, (accelerated) stress tests, etc. This standard describes methodologies for validation by 116 
testing and calculation procedures for conformity assessment. This standard is intended to be referenced 117 
by technical committees (TCs) developing product specific standards on durability assessment. TCs shall 118 
use the outlined approach in order to determine the most applicable options for durability assessment 119 
for their particular product group under the normal services conditions. 120 
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As the Ecodesign Directive addresses minimum performance requirements for market access, the main 121 
focus of this standard is to propose a general method to assess durability that is able to produce enough 122 
and verifiable evidence of compliance to become part of a regulatory framework.  123 

Maintenance (in the sense of definition 3.3) is covered by this standard, while repair considerations are 124 
addressed only to provide the link to the standard on “Ability to repair, reuse and upgrade” (prEN 125 
45554:2019).  126 

Note  Safety aspects are not directly considered in this standard despite, much of the guidance in this standard 127 
is based on tools also used for safety assessment, e.g. failure mode analyses (e.g. FTA, AFMEA, DFMEA). 128 

2 Normative references 129 

The following documents are referred to in the text in such a way that some or all of their content 130 
constitutes requirements of this document. For dated references, only the edition cited applies. For 131 
undated references, the latest edition of the referenced document (including any amendments) applies. 132 

EN 12973, Value management  133 

EN 16271, Value management – Functional expression of the need and functional performance specification 134 
- Requirements for expressing and validating the need to be satisfied within the process of purchasing or 135 
obtaining a product 136 

EN 60300-3-4, Dependability management – Part 3-4: Application guide – Guide to the specification of 137 
dependability requirements 138 

IEC 60300-3-5, Dependability management – Part 3-5: Application guide – Reliability test conditions and 139 
statistical test principles 140 

EN 61649, Weibull analysis 141 

EN 61709, Electric components - Reliability - Reference conditions for failure rates and stress models for 142 
conversion 143 

EN 62308, Equipment reliability - Reliability assessment methods 144 

EN 62506, Methods for product accelerated testing 145 

3 Terms and definitions 146 

For the purposes of this document, the following terms and definitions apply. 147 

3.1 148 

durability 149 

ability to function as required, under defined conditions of use, maintenance and repair, until a limiting 150 
state is reached 151 

Note 1 to entry The degree to which maintenance and repair are within scope of durability will vary by product 152 

Note 2 to entry Where durability is not considered to include aspects of maintenance and repair it can be 153 
alternatively referred to as “technical withstand”. 154 



prEN 45552:2019 (E) 

 

7 

 

3.2 155 

limiting state 156 

state of a product (system) or any part thereof, when required function(s)/sub-function(s) is/are no 157 
longer delivered. 158 

Note to entry Examples of limiting states include a product breakdown or de-rated operating state reached due 159 
to a limiting event such as failure, a wear-out failure or a measurement accuracy out of range. 160 

3.3 161 

maintenance 162 

technical, management and supervisory actions intended to retain a product or a part of product in a state 163 
in which it can perform as required, by mitigating degradation and reducing the probability of limiting 164 
event. 165 

Note 1 to entry Corrective maintenance carried out after a detection of limiting event to restore a product to a 166 
state in which it can perform as required is a repair for the purposes of this standard. 167 

Note 2 to entry Maintenance action could need wear-out part change. Consumable change is not considered as 168 
a maintenance action. 169 

3.4 170 

durability analysis 171 

analysis of the equipment’s responses to the stresses imposed by operational use, maintenance and 172 
other activities throughout its specified life-cycle in order to estimate its predicted reliability and 173 
expected life. 174 

[EN 62308:2006, definition 3.1] 175 

Note to entry In this standard durability assessment is used as synonym for durability analysis 176 

3.5 177 

reliability 178 

ability to perform as required, without failure, for a duration, under defined conditions 179 

[IEV 192-01-24] 180 

Note 1 to entry Duration can be expressed in units appropriate to the part or product concerned, e.g. calendar time, 181 
operating cycles, distance run, etc., and the units should always be clearly stated. 182 

Note 2 to entry Given conditions include aspects that affect reliability, such as: mode of operation, stress levels, 183 
environmental conditions, and maintenance. 184 

Note 3 to entry Reliability can be quantified using measures defined in IEC 60050 - 192-05, Reliability related 185 
concepts: measures. 186 

3.6  187 

main function 188 

first function covering the user need(s) which is highlighted by any functional analysis 189 
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3.7 190 

main required function(s) 191 

required functions mandatory to assure the main function for which the product is intended to be used  192 

Note to entry Due to the scope of this standard the environmental performance should be a main required 193 
function 194 

3.8 195 

sub-function(s) 196 

function(s) that enables, supplements or enhances the main function and main required function(s) 197 

3.9 198 

functional analysis 199 

process that describes completely the functions and their relationships, which are systematically 200 
characterised, classified and evaluated 201 

[EN 16271 2012, 3.9] 202 

Note 1 to entry The function structure is a part of the result of Function Analysis. 203 

Note 2 to entry Functional analysis covers two approaches: the Functional Need Analysis (or External Function 204 
analysis) and the Technical Function Analysis (or Internal Function analysis). 205 

Note 3 to entry Function Analysis combines problem definition and problem solving. 206 

3.10 207 

normal service conditions 208 

environmental and operating conditions for which the product is type tested and that represent as closely 209 
as possible the range of normal use. 210 

3.11 211 

special service conditions 212 

service conditions not covered by normal service conditions 213 

3.12 214 

failure 215 

failure <of a part or product> 216 

loss of ability to perform as required 217 

[IEV 192-03-01l] 218 

Note 1 to entry A failure of a part or product is an event that results in a fault of that part or product: see "fault" 219 
(IEV 192-04-01). 220 

Note 2 to entry Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, can be used to 221 
categorize failures according to the severity of consequences, the choice and definitions of severity criteria 222 
depending upon the field of application. 223 

Note 3 to entry Qualifiers, such as misuse, mishandling and weakness, can be used to categorize failures according 224 
to the cause of failure. 225 
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3.13 226 

wear-out failure 227 

failure due to cumulative deterioration caused by the stresses imposed in use 228 

[192-03-15] 229 

Note 1 to entry The probability of occurrence of a wear-out failure typically increases with the accumulated 230 
operating time, number of operations, and/or stress applications. 231 

Note 2 to entry In some instances, it may be difficult to distinguish between wear-out and ageing phenomena. 232 

3.14 233 

wear-out part 234 

a component or assembly, which is expected to be subject to wear-out failure 235 

3.15 236 

spare part 237 

part (component, assembly or product) which can replace a faulty, failed or worn-out replaceable part 238 
covering the same operating and dependability functions. Spare parts are kept in reserve to replace or 239 
upgrade a functionally identical or compatible, aiming shortest limiting state. 240 

Note 1 to entry A consumable is not a spare part 241 

Note 2 to entry Spare parts can also be used to perform preventive maintenance carried out before limiting 242 
event detection to maintain a product in a state in which it can perform as required 243 

3.16 244 

non-wearing part 245 

a component, device, product, equipment or assembly which can replace an operating device, product, 246 
equipment or assembly after a failure assuring the same operating and dependability performance 247 

3.17 248 

consumable 249 

a material, gas, fluid, component or device designed to feed the main function of a product, equipment 250 
or assembly, expected to be replaced several times along the product lifecycle 251 

3.18 252 

limiting event 253 

any event for which the product, assembly or system lose its ability to perform as required 254 

Note to entry Failure, wear-out failure or deviation of any analogue signal such as measurement accuracy out 255 
of range 256 

4 Process overview 257 

Although a very relevant parameter, the durability of a product and its actual lifetime is hard to assess 258 
in an objective way. It depends not only on technical properties, but also on fashion and various societal 259 
aspects (e.g. health, and historical and cultural background out of the scope of this document) and the 260 
way it is used. Clothing may, for example, be discarded, before it is worn out, or IT equipment may be 261 
made obsolete by new technological developments. Apart from some very specific products, such as light 262 
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bulbs, it is hard to get reliable data for comparing the technical lifetimes of similar products, although this 263 
could be useful for consumers. For this reason, this document describes several methodologies dealing 264 
with durability assessment. Durability assessment has the potential to increase the transparency and 265 
availability of data, empowering consumers, and to contribute to the shift from a linear economy to a 266 
circular economy. 267 

The flow chart in Figure 1 illustrates the key stages (right hand side) and the main information required 268 
(left hand side) for an evaluation, calculation and test of durability and to build the testing procedure for 269 
conformity assessment.  270 

 271 

Figure 1: General durability and reliability assessment procedure 272 

 273 

The TCs shall determine the most appropriate ageing test for stressing the product in conditions 274 
reflecting environmental and operating conditions, the operating profile and the expected lifespan. 275 

The product being addressed shall be fully defined in terms of functions and design.  276 

Durability analyses can then input to reliability analyses in order to identify durability parameters and 277 
goals, relevant functions and parts, and typical limiting states.  278 

The end goal of the process is a definition of verification methodologies supporting any validation, based 279 
on the available analyses and modelling. 280 

The process described in this standard is expanded in Figure 2 below to show in more detail the 281 
applicable methodologies and standards.    282 
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 283 

Figure 2 Durability and reliability assessment procedure 284 

The durability and reliability assessment procedure includes the following: 285 

• Functional analysis (see section 5) including:  286 

• Technical specification / definition of product purpose 287 
• Service considerations 288 
• Repair and maintenance considerations 289 

• Product durability analysis 290 

• Identification of durability parameters and existing data 291 
• Listing of durability goals 292 
• Linking of goals to product parts 293 
• Determination of limiting states (identifying magnitude and location of stresses, limiting event  294 

mechanisms, causes, effects) 295 

• Stress analysis  296 
• Accelerated testing 297 
• Damage modelling 298 

•  Reliability analysis 299 
• Definition of testing strategy to support the specific product standardization committees and the 300 

testing phase during a conformity assessment, if any. 301 
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5 Product Definition by functional analysis 302 

5.1 Functional analysis approach 303 

Functional analysis (see EN 16271 & EN 12973) is the core of the technical product specification. It is 304 
necessary to determine all functions intended to be covered by the product under certain environmental 305 
and operating conditions along its life cycle.  306 

Functional analysis is a process that results in a comprehensive description of the functions and their 307 
relationships, which may be systematically characterised, classified and evaluated. For functional 308 
analysis it is necessary to think abstractly in terms of objectives and end results rather than solutions. 309 
Describing the product functions facilitates a common language and enables an objective consideration 310 
of needs compared to the product itself. 311 

Any complete functional analysis enables a common understanding to be established regarding the 312 
product performance, how the performance can be achieved and how it can be verified, embedding 313 
constraints coming from regulatory framework. It enables the completion of the product technical 314 
specification and associated verification and validation testing program. 315 

The technical Function Analysis Systems Technique (FAST) as described within the EN 12973 standard 316 
is a common structured methodology which could be used to transform the functional need into a product 317 

Functional analysis enables the acquisition of a representative knowledge of the objective with regard 318 
to user-related functions. The discipline has been enriched over the course of time and methods have 319 
emerged to widen the scope of application and to facilitate implementation. 320 

5.2 Relationships of products and systems 321 

When a system is covered by a product standard it is considered a product.  322 

Further, each function of a product can be perceived as an element of a system (as in dependability 323 
standards such as EN 62347). In order to determine the functions necessary to achieve each objective, a 324 
system specification is necessary. 325 

What constitutes a product can vary, and some ErPs within the scope of the Ecodesign Directive 326 
2009/125/EC can in fact be a part of another product. For example, an electronic display is defined as a 327 
product but could be integrated as an interface within another product. Likewise for a motor which could 328 
also be part of a larger product such as a vacuum cleaner or washing machine. 329 

5.3 Technical specification and define product purpose  330 

When a durability assessment is carried out for a product, the technical specification is usually required 331 
before the design phase within the life cycle. It will include details specific to the product in terms of: 332 

• Service conditions 333 

• Ratings 334 

• Materials / components / products / assemblies 335 

• Verification plan 336 

This technical specification can provide key information to the definition of the product ratings. The 337 
ratings are a set of values used for specification purposes, established for a specified set of operating 338 
conditions of a component, device, equipment, or system. An ErP interacts with its environment to fulfil 339 
a specific purpose and to do this it needs to have defined objectives. These product objectives shall be 340 
defined and prioritised in line with standard EN 12973.  341 

The key purpose of the product will be addressed by the main function. 342 
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5.4 Define product service conditions 343 

The main prerequisite of any functional analysis impacting a durability analysis is a definition of the 344 
profile of the service conditions in terms of operating and environmental conditions for a product or part 345 
(See EN 62347).  346 

The service conditions can be divided into two categories; normal service conditions and special 347 
service conditions. The normal service conditions are usually a list of defined constraints within a 348 
product specific standard reflecting standardised values surrounding the product for an expected 349 
application (home, building, industrial, marine) and operation. When these conditions are not normal, 350 
the constraints could be specified as special service conditions. The service conditions are usually 351 
checked when a product is designed for an application and should be used for others.  352 

EN 62308 provides guidance on determining a profile of the operational and environmental loads that a 353 
product will experience throughout its life cycle. These are defined by the extreme and average values 354 
and their associated duration. 355 

It may not be possible to quantify all the necessary information regarding operational and environmental 356 
conditions. In these cases, engineering judgment may be required. If a condition is known, or strongly 357 
suspected to exist, it is usually better to estimate it than to ignore it. 358 

Many of the relevant conditions may occur only in certain phases of the equipment’s expected life. It is 359 
important to determine or arrive at a credible estimate of the duration of such conditions. 360 

5.4.1 Normal service conditions  361 

Unless otherwise specified, products are intended to be used in accordance with their rated 362 
characteristics and in the defined normal service conditions. Operation under normal service 363 
conditions of a product should be covered by the tests detailed in the relevant product standard.  364 

5.4.2 Special service conditions 365 

When a product is expected to be used under conditions different from the normal service conditions 366 
(usually stronger conditions), the user requirements should be defined using information obtained from 367 
the relevant operating or environmental conditions if not provided by the product standards. 368 

NOTE 1 Appropriate action should also be taken to ensure proper operation under such conditions of parts of 369 
the product such as components. 370 

NOTE 2 Detailed information concerning classification of environmental conditions is given in EN 60721-3-3 371 
(indoor) and EN 60721-3-4 (outdoor). 372 

5.4.3 Environmental conditions 373 

The environmental stresses depend on the macro and micro locations of the studied part (geographical 374 
area, operating site, position within product, etc.) and are linked to the way in which the product is used. 375 

Consideration of environmental conditions shall include the following information, as relevant: 376 

• ambient temperature; 377 

• cycles of temperature (variations, time, expected total duration along life time); 378 

• variations of supplies such as frequency, voltage, as well capability such as power and cooling; 379 

• ambient humidity; 380 
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• cycles of humidity (variations, time, expected total duration along life time); 381 

• ambient chemical contaminants, particles and deposit (salt spray, NaCl deposit, SO2, NOx, O3, PM2.5, 382 
PM10,...); 383 

• electromagnetic field; 384 

• mechanical vibration due to earthquake, machines (acceleration, amplitude, frequency range, 385 
spectrum…); 386 

• any other environmental conditions that may cause limiting events (biological, fauna, etc.). 387 

The IEC/GUIDE 106 specifies environmental conditions for equipment rating. Basic environments for 388 
stationary use at weather protected locations are defined in EN 61709. This is typical of 389 
telecommunications and computer equipment placed in buildings such as offices. For example, the 390 
classification E1 in accordance with the EN 61709 2011 and EN 60721-3-3 1997 describes environmental 391 
conditions using several parameters and severities such as 3K3 for classification of a climatic conditions 392 
and 3M3 for the mechanical conditions when the product is on loaded and used, which could be specified 393 
as normal service conditions of: 394 

Sample of environmental parameter  3K3 

Low air temperature °C +5 

High air temperature °C +40 

 Low relative humidity % +5 

High relative humidity % +85 

Rate of change of temperature °C/min +0.5 

Condensation None No 

Solar radiation W/m²  
 395 

Stationary vibration, sinusoidal: 3M3 

displacement amplitude mm 1.5   

acceleration amplitude m/s²   5 

frequency range Hz 2-9 9-200 
 396 

 397 

Higher humidity levels could be considered for description of special service/climatic conditions e.g. 3K4. 398 
If the product is required to be used under special service conditions some precautions shall be applied 399 
to recover the normal service conditions.  400 

A same product could refer to 1K2 in accordance with EN 60721-3-1 1997 if stored on same normal 401 
conditions or stronger conditions being off loaded when stored.  402 

5.4.4 Operating conditions 403 

The operating conditions are defined by the environmental conditions combined with the additional 404 
stress brought by the components of the product and its application during operation life phase. Any 405 
operating conditions shall consider the following information, as relevant: 406 

• electrical stresses due to the operation of the equipment (load factor..) 407 

• transient voltage, electrostatic discharge, frequency variation 408 
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• steady-state temperature due to self-heating; 409 

• temperature variations due to turning the equipment on and off;  410 

• shocks: vibration, drop, mechanical impacts;  411 

• moisture conditions due to humidity and condensation; 412 

• limiting event induced due to (lack of) maintenance; 413 

• electromagnetic field; 414 

• any other stresses that may cause limiting events. 415 

5.5 Define durability criteria 416 

The functional analysis defines durability criteria and can be used to specify main functional 417 
objectives and their respective priority. The durability criteria of the product and its parts, should be 418 
allocated to the various sub-systems, functions or components. These criteria should be an expected 419 
duration, number of cycles or a distance. 420 

5.6 Define main and secondary functions 421 

In addition to the main function, a number of secondary or sub- functions will be fulfilled.  422 

EXAMPLE The purpose of a home theatre system is to provide cinema-like entertainment in a home 423 
environment for a defined lifespan without maintenance under safe operation. Remote control battery change is 424 
an accepted maintenance action. The functional objectives may include secondary functions such as users’ 425 
perception of a clear picture, sound quality, internet connectivity, easy installation, upgradability and low power 426 
consumption. Parts related to other functions such as remote control could be replaced before the expected end of 427 
life, due to their exposure to events such as unavoidable shock stress exceeding that of the product specification. 428 

The functions of the product and its part shall be identified in accordance with the functional analysis. 429 

There are two types of functions: 430 

1) User related function: (the What for?) Functions that the product provides or that are expected 431 
to be satisfied during the whole life cycle. These can also be met by service functions or external 432 
functions. Consideration of users should not be limited to the end user alone, even if the latter is 433 
often the principal user of the product. 434 

2) Product related function: (the How?)  Functions that describe the internal actions of the product 435 
to work out the answer to the need. These can be met as technical functions or internal functions. 436 

To properly specify product durability, it is necessary to carry out an evaluation of the functions that 437 
influence durability and those which do not. This requires consideration of the influencing conditions 438 
affecting the selected durability characteristics. Using Table 1, key influencing factors can be identified 439 
from the matrix relationships affecting the functions needed by the system. 440 
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Table 1: Influencing factors for evaluation of system functions 441 

  
Influencing conditions 

In
fl

u
e

n
ci

n
g

 f
a

ct
o

rs
 

Task 
requirements 

Human 
interaction 

Process Environment Environmental  
Support 
services 

Utilities 
Interacting 

system 
Other 

factors 

Nature of 
tasks 

Health and 
safety 

Input / 
output 

Temperature End of life 
Preventive 
maintenance 

Power Boundary 
Economic 
constraints 

Scope 
Command 
authorized 

Modes Humidity 
Hazardous 
substances 

Documentation Fuel Protocol 
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 442 

The process of defining the functions includes the following stages: 443 

• Identify and list all the functions to complete the purposes for all life phases of the product  444 

• verbs to specify the nature of the action  445 
• nouns for the element to which the verb is applicable. 446 

• Determine method of interaction with the product surroundings  447 

• This is defined within EN 12973. Figure 3 gives a non-exhaustive example for an operational phase 448 
of a product. 449 

• Characterise the functions by their performance and limitations. 450 
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 451 

Figure 3: Functional interactions 452 

5.7 Prioritise functions 453 

Any specific product standard shall classify their priority of functions, in order to determine the priorities 454 
for reliability and durability - these will be different for each ErP: 455 

1) Main functions of the product under safe operation, for an expected durability 456 
2) Other functions, classified as sub-functions 457 

The sub-functions functions shall be ordered in accordance with their priority, in line with EN 12973 458 
standard. 459 

A table, tree or functional model (diagram which providing a common understanding of the functional 460 
performance) can be created to prioritise the functions, taking into account: 461 

• The main function over the expected lifetime as the highest priority 462 

• The lifetime over the functions which do not contribute to the main function as higher priority 463 

• Links between functions 464 

• Hierarchical order by importance 465 

• Environmental performance  466 

For existing products without new technology a natural or intuitive analysis approach can be undertaken 467 
see EN 12973 standard. 468 
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5.8 Maintenance and repair considerations 469 

5.8.1 The relationship between maintenance, repair and durability 470 

Maintenance and repair in general increase product reliability with respect to durability performance. 471 
However, there might also be trade-offs between durability and reparability, as a design feature which 472 
supports durability and reliability could hinder easy repair.  473 

The type and nature of a product will affect the durability specifications, and products can have varying 474 
degrees of reparability. For example, some may include maintenance actions and planned exchange of 475 
wear-out parts as a normal element of the use cycle and can usually be repaired, e.g. large technical 476 
systems. While for other products like small consumer products repair is sometimes not foreseen by 477 
product design and spare part availability. 478 

Durability and reliability analysis enables the identification of priority functions and parts, and likely 479 
limiting states, which can provide product-specific TCs with insights on the repair and maintenance 480 
strategies necessary to reaching durability expectations beyond time to first limiting event.  In order to 481 
determine specific maintenance and repair strategies, maintainability should be analysed with respect 482 
to time (duration, cycle & distance) using the problem isolation method and repair method.  Adequacy of 483 
the diagnostics provided to detect limiting events should also be considered.  484 

The standards on “Ability to repair, reuse and upgrade” prEN 45554:2019 and “Ability to re-485 
manufacture” prEN 45553:2019 provide further guidance on the assessment of the reparability of ErPs. 486 
Likewise, the durability and reliability analysis according to this standard can provide relevant 487 
information for the assessment process describes in the standard on “Ability to repair, reuse and 488 
upgrade”.  489 

5.8.2 Wear out parts and spare parts considerations 490 

Linked to the analysis of repair and maintenance strategies is the identification of replacement parts to 491 
facilitate such actions. It is necessary to classify parts for replacement in accordance with their influence 492 
on the targeted product or function.  493 

Wear-out parts are those expected to need replaced during the product lifetime. When maintenance 494 
action is anticipated, it is a condition-based-maintenance action. Spare parts are those made available 495 
to replace worn out parts, but also parts in which limiting event has occurred. 496 

Wear out and spare parts will vary depending upon the product design, product specific standard and 497 
the manufacturer. Table 2 gives examples for different types of parts, although the distribution strategy 498 
will be the choice of the manufacturer but could be linked to a maintenance strategy. 499 

Table 2: Example of parts 500 

 501 

 502 

5.8.3 Precautions for longer lifespan and special service conditions 503 

The durability of ErP is linked to environmental and operating conditions. In order to extend the time to 504 
first and subsequent limiting events, and to reduce the number of limiting events in general, design, 505 

Other functions

Product groups Consumable Wearing part Analyses done which 

should be validated by 

product specific 

standard

Example of classification depending linked 

to the product category or lot of ERPs

Water, ink cartridge, 

paper, grease, paper 

filter, cleaner (powder, 

liquids), fuse, surge 

arresters….

bulbs, filters, brushes, hoses, 

wheels, bearings, gaskets, 

sealings, spray arms, oil, 

withdrawable batteries, tap 

changer contacts….

Main required functions

Spare parts

Non wearing part

Non withdrawable batteries, cables, adaptors, 

remote controls, sensors, thermostat, timers, 

valves, pumps, motors, thermostats PCBs 

modules, control buttons, human machine 

interface, bushings…
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installation and maintenance strategies can reduce the impacts of the environmental and operating 506 
conditions on the product.   507 

Optimization of operating conditions can be difficult as these are closely linked to user behaviour and/or 508 
the optimization of product application. However, the environmental conditions can be improved for 509 
longer lifespan even when normal service conditions are met through installation and maintenance 510 
precautions – for example to reduce the effects from atmospheric conditions to any ErP. 511 

Several phenomena could occur for ErP when no precautions are applied such as: 512 

• Early ageing of synthetic materials,  513 

• Early corrosion, 514 

• Early ageing of battery, 515 

• Over consumption of active ErPs. 516 

 517 

Specific examples are given in Table 3. Passive precautions (avoiding any additional consumption of 518 
energy) would be prioritised. The same precautions are applicable when special service conditions are 519 
met to recover at least the normal service conditions, which can always be improved. 520 

Table 3: Example of precautions for longer lifespan of electrical device 521 

 To reduce  
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Draining system (Electrical room, substation…)  x  x 

Air filtering (Filter adapted to the main pollutant…) x    

Air conditioning (Moisture & temperature)  x x x 

Sealing of cable entrances (Cable gland, cellar, cable vault…)  x x  x 

Thermal insulation  x x  

Absence of air flow through the electrical device x    

Air flow through the electrical device  x x  

Clearance between equipment and walls  x x  

Thermal waste in separate compartment (transformers, engine…) x  x  

Absence of fans x    

Double layers air insulated enclosure (Canopy, ceiling + roof…)  x x  

Optimization of the openings required for any cooling (forced or 

natural) 
x  x x 

Optimization of the openings in polluted area (salty, industrial…) x    

Improvement of the degree of protection (EN 60529) x    

Orientation of the openings in relation to the pollution source x    

Heating to maintain a stable temperature (Technical room)  x x  
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6 Durability and reliability assessment 522 

As shown in Figure 2, products can be evaluated using durability and reliability approaches. A further 523 
analysis is necessary to address considerations relating to repair and maintenance. 524 

6.1 Durability assessment approach 525 

A durability analysis examines the response of a product to the stresses imposed by operational use, 526 
maintenance, storage and other activities throughout its specified life-cycle to estimate its predicted 527 
reliability and expected life. Durability results are stated in terms of expected time to meet a limiting 528 
state (which could become a limiting event when non-reparable), and reliability results are stated as a 529 
failure rate such as Mean Time To Failure (MTTF). 530 

Durability analysis is described within the EN 62308 standard. Before assessing the durability of a 531 
product a good knowledge of the functions it is intended to cover and its limiting event modes such as 532 
failure modes are required. 533 

For each product addressed, it will be necessary to tailor the approach to determining the limiting states 534 
and carrying out reliability analysis based upon the available information and the product functions and 535 
durability goals. 536 

6.2 Identification of durability parameters and existing data 537 

The conditions affecting durability are defined §5.4. The conditions and the surrounding interactions 538 
with the product and the parts enable to ignite the first Application Failure Mode and Effect Analysis 539 
(AFMEA) which focuses to the application and should highlight any misuse. Additional limiting events 540 
could complete those defined by the functional analysis and the Fault Tree Analysis (FTA) in accordance 541 
with the EN 61025 standard. 542 

The additional parameters affecting the durability include:  543 

• The upstate and limiting states; 544 

• The limiting events; 545 

• The stresses of the product and its parts; 546 

• The duration of these stresses explained by time, cycle, or distance; 547 

• The damage model of the studied part. 548 

In order to evaluate the product in relation to these parameters, data collection and analysis is necessary. 549 
Existing testing data may include parts level tests under several conditions and with several samples. 550 
Where there are a large number of users of the product, there will often be relevant experience feedback 551 
data and test data available. Where there are few users of the product, there may be less data available. 552 
Further, reliability data on electronic components contained within the product may be available within 553 
available reliability handbooks (See IEC TR 62380). 554 

Existing data may also include data on misuses and failures from past or current operations experience, 555 
field experience, consumer expectations, manufacturers constraints and regulations, as well as risk 556 
assessments. 557 

6.3 List durability goals 558 

Product reliability and durability goals, characteristics and features shall be listed (using IEC 60300-3-559 
4 standard as guidance) in terms of an expected duration, number of cycles or a distance which should 560 
be reached under certain conditions of use and maintenance. Definition of such goals is an iterative 561 
process, by which goals are verified by the outcomes of the durability and reliability analyses. 562 
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When an expected time, cycles or distance is specified before a limiting state focussing only on the 563 
physical ageing mechanisms such as fatigue, corrosion, the requirement is referred to as a technical 564 
withstand (technical durability). When an expected time, cycles or distance is specified before a limiting 565 
state embedding maintenance or repair operation, the requirement is the product durability. 566 

6.4 Link durability goals to parts 567 

The durability goals shall be allocated to the various sub-systems, functions or parts using IEC 60300-3-568 
4 standard as guidance. The influence of the installation environment, should be covered by the 569 
environmental and operating parameters, and should be clearly defined inside the product standard with 570 
the service conditions of the product even if some of them should be special service conditions. 571 

6.5 Durability analysis 572 

6.5.1 Determine limiting events and limiting states 573 

The limiting states of the product or parts (states reached due to limiting events, de-rated modes…) 574 
shall be determined, as well as the limiting events, their mechanisms, causes and effects. 575 

A limiting state of a part or a product occurs, when the required function is no longer delivered. Figure 576 
4 below shows the key states of “upstate” where the product is running and the “limiting state” where a 577 
limiting event has occurred. A limiting event could be a failure for example be a broken component, an 578 
electrical insulation lost, a flash over through electrical insulation material. In addition a limiting event 579 
could be a wear out failure for example a noisy bearing, and also could be a signal out of expected 580 
tolerance like a consumption measurement, a LED brightness, a LCD readability, an environmental 581 
disturbance (noise, EMF,...) etc.  582 

Product operation and its parts shifts between upstate and limiting states on the basis of the transitions 583 
such as maintenance and repair actions and the limiting events. If a product is running / upstate and a 584 
limiting event occurs, the required function will not be delivered. The product will then be in a limiting 585 
state. It can be transitioned back into an upstate if maintenance or repair action is applied. 586 

 587 

Figure 4: Main event and state relation. 588 
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A limiting state may occur due to part failure or wear out, or could be from a deviation of an analogue 589 
signal. If any, all of them could come from a misuse. For example, the use of an ErP to carry a non-expected 590 
load, the use of an ErP outside its scope or its normal service conditions. Some misuse can be reasonably 591 
foreseeable – for example the use of a product, process or service in a way not intended by the 592 
manufacturer, but which may result from readily predictable human behaviour. For example, a use of 593 
hair dryer to dry clothes, reducing the distance so limiting the air flow creating a temperature rise and 594 
may be a failure. 595 

Care shall be taken to ensure the adequacy of the diagnostic approaches used to detect limiting states. 596 
Products may be able to inform users about their reached or coming limiting states. In this case 597 
condition monitoring should be necessary and should be will be able to withstand the durability of the 598 
product.  599 

Further, modelling of durability is ultimately an abstraction of reality. It is not possible to fully represent 600 
real life usage, and therefore it is important that this is made clear in communications of any durability 601 
modelling results. 602 

6.5.2 Stress analysis 603 

Stress-strength analysis is a method to determine capability of a part or product to withstand electrical, 604 
mechanical, environmental, or other stresses that might be a cause of their failure. These analyses 605 
determine the physical effect of stresses on a part or product, as well as its mechanical or physical ability.  606 

Stress analysis requires a detailed knowledge of properties such as the component materials and 607 
construction, and proper modelling of expected stresses. Such analyses can provide realistic insights into 608 
component reliability in relation to the expected failure mechanisms, and can account for the way in 609 
which stresses change with different design variations. Whilst complex interactions of multiple stresses 610 
such as environmental and mechanical stresses can also be assessed, such analyses can become 611 
mathematically challenging, and are often dependent on specialist / professional computer tools. Further, 612 
the outcomes of such analyses can only be as good as the inputs. If assumptions are poor quality then so 613 
will be the results.  614 

Stress analysis is performed for example by classical mathematical techniques, analytical mathematical 615 
modelling or computational simulation. Computational methods enable simulation of the behaviour of a 616 
part or product with combined variable input stresses covering wider stress cases than those met by 617 
typical testing and field conditions. Often stress analysis is conducted with some type of computer-aided 618 
analytical process, such as finite element or finite difference analysis, which are combined with 619 
investigation or field tests when possible, but a certified laboratory is not necessary to conduct these 620 
assessments.  621 

When such data are not available for the entire product, additional testing and calculations should be 622 
carried out to better assess the durability parameters and gaining a better understanding of damage 623 
modelling through stress analysis. Accelerated tests are useful to get dependability data or to complete 624 
data coming from field. 625 

Further information on stress analysis is contained in Annex B. 626 

6.5.3 Accelerated tests 627 

When accelerated tests can be carried out the EN 62506 standard should be applied, which provides 628 
guidance on the application of various accelerated test techniques for measurement or improvement of 629 
product reliability. Identification of potential failure modes that could be experienced in the use of a 630 
product/item and their mitigation is instrumental to ensure dependability of an item.  631 

The object of the methods presented within the EN 62506 standard, is to either identify potential design 632 
weakness or provide information on item dependability, or to achieve necessary reliability/availability 633 
improvement, all within a compressed or accelerated period of time.  634 
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EN 62506 standard addresses accelerated testing of non-repairable and repairable systems. It can be 635 
used for probability ratio sequential tests, fixed duration tests and reliability improvement/growth 636 
tests, where the measure of reliability may differ from the standard probability of failure occurrence. 637 
This standard also extends to present accelerated testing or production screening methods that would 638 
identify weakness introduced into the product by manufacturing error, which could compromise product 639 
dependability. 640 

EN 62506 standard should be used for more detail about the quantitative test methodologies using 641 
multiple stress accelerations and life testing and further information on accelerated testing is contained 642 
in Annex B. 643 

6.5.4 Damage modelling 644 

After the types, locations and magnitudes of the stresses are identified, their effect in causing wear-out 645 
failures is determined. This is done using damage models, which are mathematical equations that predict 646 
how long a given part or product can withstand a given stress before failure due to wear-out. Whilst 647 
useful for predicting wear-out failures due to the accumulation of damage caused by operating or 648 
environmental stresses, such models are not applicable to failures due to overstress. 649 

Damage models may also be used in accelerated testing to estimate the behaviour of a part or product 650 
over a longer time at a lower stress level, based on its behaviour in a shorter time at a higher stress level. 651 

The main damage models (Arrhenius, Inverse power law, Eyring…) can be found in EN 62308 2006 652 
standard (Annex B - Durability analysis), EN 61709 standard (Reference conditions for failure rates 653 
and stress models for conversions) and EN 62506 standard (Methods for product accelerated testing) 654 
standards. These standards also describe parameters influencing the energy of activation. Further 655 
information on accelerated damage modelling is contained in Annex B 656 

6.6 Reliability analysis 657 

6.6.1 Reliability assessment approach 658 

Reliability performance goals and criteria should specify the confidence with which the achievement of 659 
the goal is to be demonstrated or stated (see IEC 60605-4). The failure mechanisms likely to be 660 
experienced by the product will determine which of the reliability criteria is appropriate and relevant.  661 

For example, motor vehicle engines fail according to how far they are driven rather than their age since 662 
new, so that miles driven is the appropriate unit. They also wear-out so that a constant failure rate 663 
assumption is not valid. Household electric light bulbs primarily fail relative to the number of times they 664 
are switched on and off, and to a lesser extent due to the number of hours they are lit, so operations or 665 
operational hours are the appropriate units and the product is designed for a defined operational life.  666 

For every product or part, it is necessary to select and define the reliability characteristic that is 667 
necessary and a quantitative criteria for each characteristic. When specifying quantitative criteria for a 668 
product, it is important to state the following:  669 

• the product’s application or use profile; 670 

• the failure criteria or the definition of a failure, i.e. what constitutes a failure in the product in the 671 
intended application; 672 

• NOTE: A failure may be defined in various ways according to the consequences, for example, the loss 673 
of a service or the need for repair. 674 

• the environmental conditions (§ 5.4.3); 675 
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• the operating conditions (§ 5.4.4); 676 

• the methods intended to be applied for the evidence of compliance with the requirements.  677 

Without such statements, the specification of a reliability performance criteria, for example the MTTF / 678 
METBF (See IEC 61703) within a time interval would be meaningless. 679 

When selecting criteria for reliability performance, the following factors should be taken into account:  680 

• limits imposed by the technological state of the art and the nature and complexity of the 681 
product; 682 

• the experience of the purchaser in operating and maintaining the particular type of product;  683 

• the feasibility of verifying the specified measure; 684 

• the reliability level of units, components, etc., from which the system can be manufactured; 685 

• the cost of design, production and verification and validation of the system with a specified level of 686 
reliability. 687 

If, during the development of a product, it becomes evident that the underlying assumptions are not valid, 688 
the reliability performance requirements might have to be reconsidered and changed. If the specification 689 
is to be changed, this should only be done with the agreement of all the parties concerned. 690 

The quantitative criteria should be clearly specified in a form against which it will be possible to compare 691 
results. Where evidence of conformity to the quantitative measures is to be provided through testing, the 692 
confidence level required should be specified, or the actual test plan to be used should be specified. If a 693 
test plan is specified, the specification should include the test duration and the acceptance/rejection 694 
criteria. A number of different types of reliability demonstration test exist and, generally, sequential test 695 
plans (see IEC 61123 and IEC 61124) should be used in preference of fixed time / failure terminated test 696 
plans, as the former are more efficient. If the reliability performance criteria is known, or is likely to vary 697 
with time, the dependability should be specified by, for example, Weibull parameters for unrepairable 698 
systems (see IEC 61649) or Power Law parameters for repairable systems (IEC 61164 and IEC 61710). 699 
Alternatively, the mean failure intensity over a stated time period can be specified. See IEC 60300-3-5 700 
for information on statistical distributions.  701 

Table 4: Example of quantitative reliability criteria 702 

Reliability performance measure Symbol/abbreviation Requirement 

Mean failure rate (t1,t2 ) ≤27 10 6 / h

Mean time to failure MTTF 37 000h

Mean failure intensity Z (t1,t2 ) ≤1,5 / h

Mean operating time between failures MTBF 6000 h

Expected lifespan Durability 8 years

Reliability R (t1,t2 ) 0,9

Note (t1, t2 define the time interval t1  100h  

 
t2  1100 h  

NOTE The criteria state the acceptable value (contract value) which should be used to calculate the acceptance 703 
criterion for a statistical test. 704 
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6.6.2 Failure mode and effects analysis 705 

Reliability can be determined via an assessment of the failure modes, operating, transportation and 706 
storage conditions, and environmental conditions.  Reliability analyses are used to identify, classify and 707 
mitigate risk regarding the defined limiting state(s), and to further identify failure modes of the ErP. EN 708 
61709 defines the reference conditions for failure rates and stress models for the reliability of electric 709 
components. 710 

Failure Mode Effects Analysis (FMEA) or Failure Mode Effects is a methodical approach taken to identify 711 
the possible failures in a product design. Variations on FMEA include the following: 712 

• Application FMEA (AFMEA): when a FMEA analysis targets the application of the product (misuse, 713 
functional need…)  714 

• Design FMEA (DFMEA): when the analysis focuses the design stage  715 

• Production FMEA (PFMEA): when the analysis is manufacturing oriented. 716 

The standard dealing with the procedure for FMEA is EN 60812. 717 

The reasons for undertaking Failure Mode Effects Analysis (FMEA) include: 718 

• to identify those failures which have unwanted effects on system operation, e.g. preclude or 719 
significantly degrade operation or affect the safety of the user;  720 

• to satisfy functional needs; 721 

• to identify potential improvements to the reliability or safety (e.g. by design modifications or quality 722 
assurance actions); 723 

• to identify potential improvements to the maintainability (by highlighting areas of risk or 724 
nonconformity for maintainability). 725 

In view of the above, the objectives of an FMEA may include the following: 726 

• a comprehensive identification and evaluation of the effects that could cause a limiting event in the 727 
product or a part, and the sequences of events brought about by each failure mode. 728 

• the determination of the criticality or priority for addressing/mitigating each failure mode with 729 
respect to the correct function or performance of the system and the impact on the function 730 
concerned; 731 

• a classification of identified failure modes according to relevant aspects, including their capability to 732 
be diagnosed, testability, compensating and operating provisions (repair, maintenance, logistics, 733 
etc.);  734 

• estimation of the severity and probability of limiting event;  735 

• analysis of the possibility of limiting event and limiting state avoidance and development of design 736 
improvement plan for mitigation of failure modes; 737 

• support for the development of an effective maintenance plan to mitigate or reduce likelihood of 738 
failure (see EN 60300-3-11).  739 
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6.7 Summary of results of the durability and reliability assessments 740 

After the functional analysis and the durability and reliability assessment the following results shall 741 
be available: 742 

 743 
1) Prioritised list of relevant functions and sub-functions (secondary functions) and parts; 744 

2) Relevant durability parameters; 745 

a. Environmental and operating conditions 746 

b. Durability in terms of expected lifespan, (cycle, distance, duration) 747 

c. Failure rates (and confidence intervals as appropriate): MTTFF (Mean Time to First 748 
Failure), MTTF (Mean Time to Failure), MRT (Mean Repair Time), MOTBF (Mean 749 
Operating Time Between Failure), MUT (Mean Uptime), MDT (Mean downtime). Table 5 750 
summarizes interactions to assess each criterion. 751 

NOTE mean operating time to first failure MTTFF is the calculation of the operating time to first failure, see 752 
also operating time to first failure (192-05-02). For non-repairable parts or products, the MTTFF is also the MTTF. 753 

Table 5: Summary Reliability - Durability 754 

d. Typical limiting states, failures and misuses, as a list of likely limiting events, usually 755 
arranged chronologically from the shortest to the longest time to limiting event. At a 756 
minimum, the following information should be included for each limiting event.  757 

i) Time to failure. This is usually a point estimate; however, the distributions of some 758 
failures may be known and could be specified using a Weibull model. Often, suppliers 759 
state the time for a given percentage of failures as for example B10 (10 % failed) and 760 
B50 (average lifetime). 761 

ii) Failure site. For safety and design purposes is desirable to know which element of 762 
the design will fail.  763 

iii) Failure mechanism. This information also is useful for safety analysis and for design 764 
improvement 765 

iv) Failure-causing stress. This information can be used to evaluate how changes can be 766 
made to the product to improve the exposure to the operating and environmental 767 
conditions and increase time to failure.  768 

NOTE Generally, the shortest times to failure are of most interest because these highlight the most common 769 
wear-out failures. 770 

Reliability Up time Down time

Failure Up time Down time Asymptotic Technical withstand

No Maintenance MTTFF x - MUT / (MTTF + MDT) x x

Preventive Maintenance MTTF + MTBF x x MUT / (MUT + MDT) x - x x

Repair MTTF + MTBF - x MUT / (MUT + MDT) x - - x

MUT MDT

Functional

Expectation Model

Time Ability

Availability Durability
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6.8 Reliability improvements 771 

Previous durability or reliability assessment results can be fed into further analyses in order to identify 772 
approaches to improve products through the lifecycle. However validations are necessary to avoid 773 
misunderstanding the root cause of the limited states. 774 

6.8.1 Validating reliability assessment results 775 

a) comparing calculated results from reliability assessments with field data (including insights on 776 
typical misuse), 777 

b) comparing failure sites, modes, and mechanisms predicted by reliability assessments with those 778 
obtained from in-service data; 779 

c) checking to ensure that all failures recorded are what might be termed ‘legitimate’; and 780 
d) comparing in-service environmental, operating, and maintenance conditions with those assumed in 781 

reliability assessments. 782 

With regard to a), it might be that a sudden surge in voltage on a power supply line (a primary failure) 783 
arising from the failure of a single component, might lead to many other failures (secondary failures). 784 
Unless there was some special reason to record secondary failures, such failures would normally be 785 
discounted. Other types of failure might also need to be discounted. For example, if the ambient 786 
temperature of a product rises or falls well beyond design limits, and this in turn gives rise to failure of 787 
the product, such a failure might well need to be discounted. However, including secondary failures 788 
might result in significant product improvement, e.g. ensuring sufficient over voltage protection of 789 
control electronics, to guard them against reverse currents resulting from faulty components. 790 

With regard to b), care should be taken when comparing predictions with observed results. It is almost 791 
certain that predictions and observations will never agree exactly or even approximately in spite of the 792 
fact that the results of the prediction might be close to reality. This is because predictions are based 793 
mainly on mean values whereas observations seldom are.  794 

6.8.2 Improving the reliability assessment process 795 

In order to improve the reliability assessment process using reliability assessment results, the 796 
following should be considered: 797 

• improvements to the data collection process; 798 

• improvements in the selection of appropriate data source and method for a given assessment 799 
application; 800 

• modifying the equations, algorithms, and calculation methods; 801 

• adoption of developing reliability assessment methods from both industry and research 802 
establishments and academia provided that they are applicable for the item’s application; 803 

• identifying further predecessor equipment for similarity analysis modelling; and 804 

• improved guidance for interpreting assessment results for effective decision making. 805 

Processes should be in place for data collection and analysis, or systems in place to use factory data, 806 
customer reject data, and in-service data to improve the design and manufacturing processes for product 807 
improvement, e.g. FRACAS, reliability growth, reliability enhancement, and statistical process control. 808 
The processes that are documented should build on those processes and add information for improving 809 
the reliability assessment process, rather than replace or supersede them. 810 
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7 Verification and validation by testing and analysis 811 

In order to ensure that durability goals are met, product TCs shall take into account the relevant aspects 812 
of the durability assessment process (functional aspects, component tests, calculations etc.) detailed 813 
within this standard to consider how best to define assessment procedures for durability. 814 

For a specific condition, results from analysis are likely to be less accurate predictions than the results 815 
obtained from testing. However, when a broad set of environmental and operations conditions must be 816 
verified, results from analysis are likely to be more accurate than testing due to the greater ability to 817 
account for wider combinations of constraints in a simulation compared to a testing laboratory.  818 

ISO/IEC Directive 2 2016 5.5, determines that stability, reliability or lifetime of a product shall not be 819 
specified if no test method is known which can verify the claim in a reasonably short time. If this condition 820 
is satisfied testing should be the preferred strategy. If testing is not possible, calculation is a secondary 821 
option. 822 

7.1 Verification and validation by testing 823 

7.1.1 Testing of products or parts 824 

When the duration of the test of the ErP is not practicable, the necessary information may be obtained by 825 
testing major subassemblies or components. Testing of components not yet built in in an ErP has the 826 
advantage to reduce test cycles, as a tested component may be used in several product models. However 827 
thereby the specific build in situation is not considered, which can have an effect on durability. 828 

Tests shall be identified according to the following priorities: 829 

1) test of the performance of the ErP 830 
2) test of the performance of selected functions, subassemblies or components integrated in the ErP 831 
3) test of assemblies or components performed, if not yet integrated in the ErP 832 

7.1.2 Accounting for service conditions and lifecycle stages 833 

When tests are developed it is necessary to take into account the environmental and operating conditions 834 
as well as use patterns. Ideally test conditions and test cycles shall as much as possible match with the 835 
real operation conditions. In cases where the test is performed close to the in-service conditions, the test 836 
will give a good estimate of the durability, but the test might last a very long time, require a large number 837 
of test parts or products and result in a low number of failures causing a large uncertainty in the 838 
durability estimates. If the test is accelerated, the sample size and the test time can be reduced. The 839 
larger number of failures will reduce the statistical uncertainty, but the technical uncertainty will be 840 
higher, since the accelerated test conditions can cause failure modes that are not relevant in the field. If 841 
accelerating factors are used, they should be chosen so as to avoid the introduction of failure mechanism 842 
which differ from those occurring in service, along transportation, storage, and use phases. 843 

7.1.3 Selection of test type 844 

The test should be selected respectively designed to provide information on the following properties of 845 
ErP: 846 

• the ability to operate within specified environmental and operating conditions 847 

• if appropriate the ability to withstand conditions of transport, storage and installation 848 

Tests shall especially address critical failure mechanisms and main failure modes. Durability testing 849 
within this standard shall primarily demonstrate a minimum failure free operation time respectively 850 
number of failure free cycles. In some cases this might only be possible with some degree of assurance. 851 
In such cases the confidence interval need to be stated. 852 
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In a first step it should be assessed, if appropriate tests are already available, e.g. reliability test, or if 853 
existing tests, e.g. environmental or safety test procedures can be adapted to the need of durability tests. 854 
If necessary, new tests shall be developed. 855 

The tests shall be specified in terms of test parameters and if applicable test apparatus respectively 856 
arrangement and dimension of test equipment and a description how to conduct the test. Thereby the 857 
description shall be performance related rather than apparatus-dependent. The test shall be 858 
accompanied by a suitable sampling plan. The principles of dealing with uncertainties of the product life 859 
cycle and effects which cannot be simulated with the test shall be stated. 860 

Preferred methods of reliability verification and validation by testing include:  861 

• Field data: the collection and analysis of failure data from product in the field i.e. the actual use (see 862 
IEC 60300-3-2 and IEC 60605-6). However, their validity requires sufficient data collection. 863 

• Testing results: testing product in use or in the laboratory, using compliance or determination tests 864 
as described in IEC 60300-3-5, IEC 61123, IEC 61124, IEC 61649 or IEC 61710. When specifying 865 
laboratory tests, it is important to consider the associated factors such as cost and time. 866 

Testing procedure should be tailored to reflect the operational and environmental conditions met from 867 
transport to use lifecycle phases, and stresses that the product will experience or the result will not reflect 868 
the achieved in service reliability of the product (see clause 7.2 and the annex A §A1 of the IEC 60300-4 869 
2007). 870 

Precise criteria should be specified to enable all failures in hardware and software, etc. to be classified 871 
into relevant or non-relevant categories. This classification is the basis of the acceptance/rejection 872 
criteria and it is essential that it should be clearly and precisely specified before the tests start and 873 
preferably defined early in the life cycle, so that there can be no suspicion that the results have been 874 
adjusted to provide the desired result. 875 

However it may not be possible to define all the test criteria until later in the life cycle or product 876 
development. The verification and validation of reliability performance measures for repaired and 877 
nonrepaired systems have each to be considered separately. IEC 61123 contains details of tests that may 878 
be used if success ratio is used as the reliability performance measure and IEC 61124 contains tests 879 
which are appropriate if the constant failure rate or failure intensity assumption is valid. The constant 880 
failure rate or failure intensity assumption should be validated as the results of a test may be nullified if 881 
the assumption is incorrectly used (see IEC 60605-6). 882 

7.2 Verification and validation by calculation 883 

Reliability verification and validation of a product can be made prior to delivery by calculation based on 884 
reliability analysis. In some instances, (for example product having very high reliability), this can be the 885 
only practicable approach. Analysis can be used long before reliability validation during in-service 886 
operation or by laboratory testing is possible. Such a method can only determine by analysis whether the 887 
product to be delivered fulfils 888 
corresponding requirements laid down in the product specification; it does not measure the realized 889 
reliability directly.  890 

Examples of analytical techniques for reliability verification and validation of a product including 891 
hardware and software include reliability block diagrams, fault trees, state diagrams and failure mode 892 
and effect analysis.  893 

The hardware element of a product should be analysed to establish that the failure rates of each of its 894 
parts and electronic or other components take into account the expected usage and operational stress 895 
and that their derivation is appropriate and justifiable. Electrical, thermal or other measurements can be 896 
necessary for this purpose.  897 
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The software in the system should be similarly analysed to identify possible software failure modes 898 
embedding potential cyberattack and evaluate qualitatively their impact on the reliability performance 899 
of the product. 900 

Data for such calculations can be based, for example, on results obtained from operational experience 901 
with similar product in the field, from laboratory tests, from software/hardware integration or from 902 
recognized data sources. If the purchaser intends to specify the use of a certain database (for example, a 903 
particular failure rate data bank), this should be agreed between the supplier and the purchaser. 904 
Specifying the use of a certain database, however, does not relieve the supplier of his obligation to achieve 905 
the required reliability performance. In all cases, the data source should be identified and the 906 
assumptions used in the estimate recorded. 907 

The annex A §A2 of the IEC 60300-4 2007 summarized the main standards used for verification and 908 
validation dependability requirements by analysis. 909 

 910 

 911 
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 912 

(informative) 913 

 914 

Dependability – Reliability 915 

 Dependability 916 

The dependability of a product or part is the ability to perform as and when required. Beyond this IEC 917 
definition dependability is used as collective term for the time-related quality characteristics of a product 918 
or part. 919 

Product functional and service attributes can be expressed in terms of the following key dependability 920 
(192-01-22) considerations:  921 

• Reliability, (192-01-24) 922 

• Availability, (192-01-23) 923 

• Durability, (192-01-21), 924 

• Recoverability (192-01-25), 925 

• Maintainability (192-01-27),  926 

• Maintenance support (192-01-29), 927 

• Safety and security. 928 

The first three terms in the list above are further explained in this annex, and EN 61703 defines 929 
mathematical expressions dealing with reliability, availability, maintainability and maintenance 930 
support terms. In order to fully understand these different aspects in relation to a product or product 931 
group, a functional analysis is necessary, see section 5.  932 

IEC publishes standards, technical reports and guides about “Dependability” through the technical 933 
committee TC56. The dependability standards provide systematic methods and tools for the 934 
dependability assessment and management of equipment, services and systems throughout their 935 
lifecycles. The application of dependability standards may raise safety related issues, though the 936 
standards themselves do not cover safety. Further, dependability is addressed in specific fields such as 937 
Aerospace, Civil engineering, Defence or Nuclear through the regulatory and standardization 938 
frameworks. IEC publications for these fields include methodologies to evaluate the predicted capability 939 
of a part to withstand one or more stresses for a defined time, cycle, or distance.  940 

The dependability standards cover generic aspects on dependability programme management, testing 941 
and analytical techniques, software and system dependability, life cycle costing and technical risk 942 
assessment. This includes standards related to product issues from component reliability to guidance 943 
for engineering dependability of systems, standards related to process issues from technical risk 944 
assessment to integrated logistics support and standards related to management issues from 945 
dependability management to managing for obsolescence. 946 

http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-01-21
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-01-25
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-01-27
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=192-01-29
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 Reliability 947 

The reliability of an item is different compared with the reliability of a measure as follows:  948 

• The reliability of an item is the ability to perform as required, without failure, for a given time 949 
interval (time, cycles, distance run, etc.), under given conditions such as the mode of operating, stress 950 
levels, environmental conditions, and maintenance. 951 

• The reliability of a measure is the probability of performing as required for the time interval (t1, t2), 952 
under given conditions such as the mode of operating, stress levels, environmental conditions, and 953 
maintenance.  954 

The reliability is defined further based on data of failures under certain conditions. However, the 955 
reliability can be defined by assessing the failure modes, operating and storage conditions, and 956 
environmental conditions. 957 

The EN 61709 defines the reference conditions for failure rates and stress models for the reliability of 958 
electric components. 959 

The Figure 5 shows reliability limitations.  960 

 961 

 962 

Figure A.1 — Scope of reliability 963 

Figure 6 illustrates the way in which a limiting event such as a failure could limit the reliability of a 964 
product or part. The “digital criterion” shows a sudden failure, whereas the “analogue criterion” shows 965 
a gradually occurring limiting state such as wear out. Non-linear transitions could also occur, for 966 
example in the case of pitting corrosion. The clause in section 6.5 explains how to identify the limiting 967 
state. 968 
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 969 

Figure A.2 — Example of limiting states 970 

In the example above, the lifetime of a non-repairable product or part is only until the first failure. In 971 
contrast, a repairable product or part can have a lifetime that continues after a failure and subsequent 972 
repair until it becomes unrepairable for technical, economic or obsolescence reasons. For the repairable 973 
product, the scope of the durability (in its widest possible sense) could be considered to extend beyond 974 
the first failure until end of lifetime. 975 

The Figure 7 shows a more complex example of chronogram which is useful to identify the limitations. 976 

 977 

 978 

Figure A.3 — Example of chronogram for maintainable and repairable item 979 

To assess any time dependent reliability item the EN 61703 standard shall be used.  980 

 981 
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 Durability 982 

Durability refers to the ability of a product or part to perform as required under defined conditions until 983 
a limiting state is reached. A distinction should be made between the technical withstand (the physical 984 
capability of a product or part to withstand the effects of mechanisms such as fatigue or corrosion, up to 985 
a limiting state excluding a repair action), and the durability, which is determined by defined conditions 986 
of use, maintenance and repair. Similar to technical withstand, reliability is the ability of a product or 987 
part ability to perform as required without failure. It can also sometimes be considered as the 988 
“probability” that a product or part will be durable. Both durability and reliability are core attributes of 989 
the wider concept of dependability, which is the ability of the product to perform as and when required. 990 
This annex aims explain these terms in line with existing IEC/EN publications, with a focus on durability 991 
and reliability assessments of ErPs, where possible using general examples. 992 

  993 
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 994 

(informative) 995 

 996 

 Durability 997 

 998 

B.1 Durability 999 

Durability is an aspect of reliability, related to the ability of a product or part to withstand the effects of 1000 
time dependent mechanisms (or of those related to distance travelled, operating cycles, etc.) such as 1001 
fatigue, wear, corrosion, electrical parameter change, and so on. Non-technical criteria related to 1002 
economic, regulatory framework, or aesthetic influences cannot be considered as it is not possible to 1003 
evaluate these aspects (as defined by the IEC directive). 1004 

Figure 6 shows that in its widest definition, durability, is the ability of a part or product to function as 1005 
required, under defined conditions of use, maintenance and repair, until a limiting state is reached 1006 
(shown in the figure as potentially a technical, regulatory or obsolescence limitation). 1007 

Durability is usually expressed as a minimum time before the occurrence of wear-out failures. In 1008 
repairable systems, it is often characterized as the ability of the product to function after repairs.  1009 

B.2 Stress analysis 1010 

Stress-strength analysis is a method to determine capability of a part or product to withstand electrical, 1011 
mechanical, environmental, or other stresses that might be a cause of their failure. These analyses 1012 
determine the physical effect of stresses on a part or product, as well as its mechanical or physical ability. 1013 
Primary uses are: 1014 

• To determine reliability or failure rate of specific mechanical components  1015 

• To determine likelihood of occurrence of a specific failure mode due to an individual cause in a 1016 
component. 1017 

Stress analysis requires a detailed knowledge of properties such as the component materials and 1018 
construction, and proper modelling of expected stresses. Such analyses can provide realistic insights into 1019 
component reliability in relation to the expected failure mechanisms, and can account for the way in 1020 
which stresses change with different design variations. Whilst complex interactions of multiple stresses 1021 
such as environmental and mechanical stresses can also be assessed, such analyses can become 1022 
mathematically challenging, and are often dependent on specialist / professional computer tools. Further, 1023 
the outcomes of such analyses can only be as good as the inputs. If assumptions are poor quality then so 1024 
will be the results.  1025 

Stress analysis is performed for example by classical mathematical techniques, analytical mathematical 1026 
modelling or computational simulation. Computational methods enable simulation of the behaviour of a 1027 
part or product with combined variable input stresses covering wider stress cases than those met by 1028 
typical testing and field conditions. Often stress analysis is conducted with some type of computer-aided 1029 
analytical process, such as finite element or finite difference analysis, which are combined with 1030 
investigation or field tests when possible, but a certified laboratory is not necessary to conduct these 1031 
assessments.  1032 
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Probability of failure (reliability) is directly proportional to the applied stresses. Component structural 1033 
reliability is the capability of a part to withstand electrical or other stresses, which depends on strength 1034 
or load-carrying capability. Determination of this load-carrying capability and stress involves 1035 
uncertainty, so they are modelled as random variables. The overlap of these random variables in a 1036 
distribution, represents the degree of probability that the stress will exceed the strength and a failure 1037 
will occur. An evaluation of the mean values and variances of the random variables is often simplified to 1038 
one stress variable compared to strength of the component. In general terms, the strength and stress shall 1039 
be represented by a performance function or state function that is a representative of a multitude of 1040 
design variables including capabilities and stresses. A positive value for this function represents the safe 1041 
state while a negative value represents the failure state. 1042 

The results of stress analysis are usually reported graphically, with the areas of greatest stress being 1043 
highlighted in some easily detectable way. 1044 

 1045 

An example of stress analysis is shown below: 1046 

Low air temperature: +5°C with a tolerance of 0 °C +2 °C:  10 days / year 1047 
Average air temperature +20°C:     345 days / year 1048 
High air temperature:  +40°C with a tolerance of -2 °C 0 °C:  10 days / year 1049 

This kind of definition would not be enough accurate to assess a durability based on damage modelling 1050 
even if in Europe mainly temperate climates are met according to IEC 60721-2-1. 1051 

As example the Figure 9 shows two curves of temperature distribution lower than 20 °C as yearly average 1052 
of two temperate climates met in Europe such as Stockholm (Sweden) and Malaga (Spain), which will be 1053 
influenced by the building construction, internal waste and all device influencing the temperatures 1054 
surrounding the ErP. 1055 

 1056 

 1057 

Figure B.1 — Example of temperature distribution 1058 

The installation of the device shall be carried out in accordance with the manufacturer installation guide. 1059 

 1060 

B.3 Accelerated tests 1061 

When accelerated tests can be carried out the EN 62506 standard should be applied, which provides 1062 
guidance on the application of various accelerated test techniques for measurement or improvement of 1063 
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product reliability. Identification of potential failure modes that could be experienced in the use of a 1064 
product/item and their mitigation is instrumental to ensure dependability of an item.  1065 

The object of the methods presented within the EN 62506 standard, is to either identify potential design 1066 
weakness or provide information on item dependability, or to achieve necessary reliability/availability 1067 
improvement, all within a compressed or accelerated period of time.  1068 

EN 62506 standard addresses accelerated testing of non-repairable and repairable systems. It can be 1069 
used for probability ratio sequential tests, fixed duration tests and reliability improvement/growth 1070 
tests, where the measure of reliability may differ from the standard probability of failure occurrence. 1071 
This standard also extends to present accelerated testing or production screening methods that would 1072 
identify weakness introduced into the product by manufacturing error, which could compromise product 1073 
dependability. 1074 

The Figure 9 from the EN 62506 standard which has been modified to show the most appropriate 1075 
accelerated testing methods type B and type C focussing to the useful lifetime under precaution as 1076 
mentioned by the standard, could be applied. 1077 

 1078 

 1079 

 1080 

Figure B.2 — Accelerated Life Tests (ALT) - Life tests (IEC 62506) 1081 

 1082 

There are two distinctly different approaches to reliability activities: 1083 

• Type A: qualitative accelerated tests: for detection of failure mode and/or phenomenon; 1084 

It verifies, through analysis and testing, that there are no potential failure modes in the product that are 1085 
likely to be activated during the expected life time of the product under the expected operating 1086 
conditions; 1087 

• Type B: quantitative accelerated tests: for prediction of failure distribution in normal use; 1088 

It estimates how many failures can be expected after a given time under the expected operating 1089 
conditions. 1090 

Type B tests use cumulative damage methods to determine product reliability projected to the end of 1091 
the expected product life. The necessary margin between the expected cumulative damage and the 1092 
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requirement produces a reliability measure. It is necessary to have a thorough understanding of the 1093 
potential failure mechanisms and the operational and environmental stresses of the product or system. 1094 
FMEA (See EN 60812) can be used.  1095 

The extent of acceleration, usually termed the acceleration factor (AF or A), is defined as the ratio of the 1096 
life under use conditions to that under the accelerated test conditions. 1097 

Reliability growth testing 1098 

Verifying in-service reliability 1099 

• Type C: quantitative time and event compression tests: for prediction of failure distribution in 1100 
normal use. 1101 

Type C tests are mostly used for estimation of the life time of components where wear out in active use 1102 
is the dominating failure mode; for example switches, keyboards, relays, connectors or bearings. The 1103 
data from these tests are often analysed using the Weibull distribution, and often in the form of the so-1104 
called “sudden death test” (see EN 61649) 1105 

Time compression 1106 

Time compression is achieved by eliminating “OFF-time” (e.g. non-operating time) by compressing the 1107 
duty cycle through addressing just the ON time. 1108 

With a relatively short test duration at nominal stresses, there is no reason to increase the stresses, and 1109 
therefore, there is no need to determine stress acceleration factors; otherwise there is a risk of 1110 
overstressing the units under test. Testing only under operational conditions would disregard the 1111 
influence of non-operating environments which could be avoided (synthetic material ageing, corrosion, 1112 
fatigue …) 1113 

Event compression 1114 

This tests can be combined with the compression tests and with the stress acceleration tests, however in 1115 
both cases as the time compressions may influence the stress acceleration without material relaxation as 1116 
example. 1117 

To summarize the purpose of quantitative accelerated tests type B and C, is to estimate one or more 1118 
measures of reliability, e.g. failure rate, probability of failure or survival, or time to failure (TTF). Often 1119 
the purpose of quantitative accelerated testing is to determine the life time of components with a limited 1120 
life (wear out), or to determine (quantify) and improve the reliability of systems and components. For 1121 
this, Weibull analysis is very useful (see EN 61649). 1122 

For a quantitative accelerated test (Type B and C test) the number of items are mainly determined by 1123 
whether the purpose of the test is to estimate the average constant risk (exponential failure distribution 1124 
assumed) or the purpose is to estimate the time to failure (life time) for the items. 1125 

For quantitative accelerated tests (Type B and C) the acceleration factor has to be estimated (see example 1126 
in Annex A) to link the test time with the equivalent time in the field. Each failure mode has to be analysed 1127 
separately. Therefore a failure analysis is required for all failures. Once an estimate has been made for 1128 
each failure mode observed, the failure probability and time to failure can be added to estimate the 1129 
failure probability of the product as a function of time. Statistical tools that can be used for analysis 1130 
include the following standards: EN 61123, EN 61124, EN 60605-6, EN 61649, EN 62506 and EN 62429. 1131 

B.3.1 Determination of stress levels, profiles and combinations in use and test – stress 1132 
modelling in a step by step procedure 1133 

The following procedure should be applied: 1134 

 1135 
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• identify the relevant stress factors from the field, including storage and transportation (see the EN 1136 
60721 series); 1137 

• determine which stress types have to be accelerated, which will be nominal and which can be omitted, 1138 
e.g. because they are covered by other tests; 1139 

• determine if the stresses can be applied simultaneously to include stress interactions or whether they 1140 
will have to be applied sequentially, e.g. in a test cycle (see EN 60605-2); 1141 

• determine if the acceleration factor (A) can be estimated from the test or estimate the acceleration 1142 
factors based on relevant acceleration equations and relevant empirical factors; 1143 

• determine the sample size (see EN 61649, EN 61123 and EN 61124); 1144 

• perform the test (see EN 60300-3-5); 1145 

• perform failure analysis; 1146 

• analyse the test – each failure mode separately (see EN 61649, EN 61710 and EN 61124); 1147 

• report test result (see EN 60300-3-5). 1148 

EN 62506 standard should be used for more detail about the quantitative test methodologies, using 1149 
multiple stresses accelerations and life test (§5.7.2).  1150 

B.4 Damage modelling 1151 

After the types, locations and magnitudes of the stresses are identified, their effect in causing wear-out 1152 
failures is determined. This is done using damage models, which are mathematical equations that predict 1153 
how long a given part or product can withstand a given stress before failure due to wear-out. Whilst 1154 
useful for predicting wear-out failures due to the accumulation of damage caused by operating or 1155 
environmental stresses, such models are not applicable to failures due to overstress. 1156 

Damage models may also be used in accelerated testing to estimate the behaviour of a part or product 1157 
over a longer time at a lower stress level, based on its behaviour in a shorter time at a higher stress level. 1158 

The main damage models (Arrhenius, Inverse power law, Eyring…) can be found in EN 62308 standard 1159 
(Annex B - Durability analysis), EN 61709 standard (Reference conditions for failure rates and stress 1160 
models for conversions) and EN 62506 standard (Methods for product accelerated testing) standards. 1161 
These standards also describe parameters influencing the energy of activation.  1162 

Damage models are, by nature, inexact. The most effective models will usually represent a compromise 1163 
between the extremes of: 1164 

• attempting to describe the situation so completely that they become so complex and data hungry that 1165 
they are unusable, and  1166 

• being so simple that they are inaccurate. 1167 

Figure 10 highlights an example of the importance of accurate input data. Three different temperature 1168 
ranges are input to the analysis as environmental conditions, and the failure rate factor (through 1169 
application of an Arrhenius model) is evaluated, resulting in three different results.   1170 
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 1171 

Figure A.3 — Influence of the input data to the acceleration factor 1172 

 1173 

Figure 11 highlights acceleration factor relationship with reliability functions, to correlate field and test 1174 
under same conditions. 1175 

 1176 

 1177 

Figure B.4 — Relations with acceleration factors (AF) 1178 

 1179 

Figure 12 highlights common energy activation values for different failure mechanism 1180 

 1181 
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 1182 

Figure B.5 — Example of energy activation values (eV) 1183 

 1184 
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