
BRITISH STANDARD
 BS EN  
62059-41:2006
Electricity metering 
equipment — 
Dependability —

Part 41: Reliability prediction
The European Standard EN 62059-41:2006 has the status of a 
British Standard

ICS 91.140.50
���������	�
��������������������������������������������������	�����




BS EN 62059-41:2006
This British Standard was 
published under the authority 
of the Standards Policy and 
Strategy Committee 
on 31 July 2006

© BSI 2006
ISBN 0 580 48862 4
National foreword

This British Standard is the official English language version of  
EN 62059-41:2006. It is identical with IEC 62059-41:2006.

The UK participation in its preparation was entrusted to Technical Committee 
PEL/13, Electricity meters, which has the responsibility to: 

— aid enquirers to understand the text;

— present to the responsible international/European committee any 
enquiries on the interpretation, or proposals for change, and keep UK 
interests informed;

— monitor related international and European developments and 
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on 
request to its secretary.

Cross-references

The British Standards which implement international or European 
publications referred to in this document may be found in the BSI Catalogue 
under the section entitled “International Standards Correspondence Index”, or 
by using the “Search” facility of the BSI Electronic Catalogue or of British 
Standards Online.

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application. 

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.
Summary of pages

This document comprises a front cover, an inside front cover, the EN title page, 
pages 2 to 23 and a back cover.

The BSI copyright notice displayed in this document indicates when the 
document was last issued.
Amendments issued since publication

Amd. No. Date Comments



  
EUROPEAN STANDARD EN 62059-41 
NORME EUROPÉENNE  

EUROPÄISCHE NORM May 2006 
 

CENELEC 
European Committee for Electrotechnical Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

 
Central Secretariat: rue de Stassart 35, B - 1050 Brussels 

 
 
© 2006 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members. 

 Ref. No. EN 62059-41:2006 E 
 

ICS 91.140.50 
 
 

English version 
 
 

Electricity metering equipment - 
Dependability 

Part 41: Reliability prediction 
(IEC 62059-41:2006) 

 
 
Equipements de comptage de l'électricité -
Surêté de fonctionnement 
Partie 41: Prévision de fiabilité 
(CEI 62059-41:2006) 

 Wechselstrom-Elektrizitätszähler -
Zuverlässigkeit 
Teil 41: Zuverlässigkeitsvorhersage 
(IEC 62059-41:2006) 

 
 
 
 

This European Standard was approved by CENELEC on 2006-02-01. CENELEC members are bound to comply 
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard 
the status of a national standard without any alteration. 
 
Up-to-date lists and bibliographical references concerning such national standards may be obtained on 
application to the Central Secretariat or to any CENELEC member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other 
language made by translation under the responsibility of a CENELEC member into its own language and notified 
to the Central Secretariat has the same status as the official versions. 
 
CENELEC members are the national electrotechnical committees of Austria, Belgium, Cyprus, the Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 
 



EN 62059-41:2006  

 

 

Foreword 

The text of document 13/1348/FDIS, future edition 1 of IEC 62059-41, prepared by IEC TC 13, Equipment 
for electrical energy measurement and load control, was submitted to the IEC-CENELEC parallel vote 
and was approved by CENELEC as EN 62059-41 on 2006-02-01. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2007-01-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2009-02-01 

Annex ZA has been added by CENELEC. 

__________ 

Endorsement notice 

The text of the International Standard IEC 62059-41:2006 was approved by CENELEC as a European 
Standard without any modification. 

 

__________ 
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INTRODUCTION 

The main objective is to provide a tool for predicting the failure rate of electricity metering 
equipment using the parts stress method. It also provides an overview of reliability analysis 
and prediction methods. 

The result of the prediction can be used in the design phase to support design decisions, in 
relation with type approval to support decisions concerning the certification period and in the 
operation phase to determine the necessary maintenance performance to obtain the required 
availability. 
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ELECTRICITY METERING EQUIPMENT –  
DEPENDABILITY – 

 
Part 41: Reliability prediction 

 
 
 

1 Scope 

This part of IEC 62059-41 is applicable to all types of static metering equipment for energy 
measurement and load control. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60050-191:1990, International Electrotechnical Vocabulary (IEV) – Chapter 191: Depend-
ability and quality of service  
Amendment 1(1999)  
Amendment 2 (2002) 

IEC 61709:1996, Electronic components – Reliability – Reference conditions for failure rates 
and stress models for conversion 

IEC 62059-11:2002, Electricity metering equipment – Dependability – Part 11: General 
concepts 

IEC 62059-21:2002, Electricity metering equipment – Dependability – Part 21: Collection of 
meter dependability data from the field 

3 Terms, definitions and abbreviations 

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

NOTE Only those terms relevant to the subject, which have not already been included in IEC 62059-11, are given 
here. 

3.1  
accelerated test 
test in which the applied stress level is chosen to exceed that stated in the reference 
conditions in order to shorten the time duration required to observe the stress response of the 
item, or to magnify the response in a given time duration 

NOTE To be valid, an accelerated test shall not alter the basic fault modes and failure mechanisms, or their 
relative prevalence. 

[IEV 191-14-07] 
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3.2  
administrative delay (for corrective maintenance) 
accumulated time during which an action of corrective maintenance on a faulty item is not 
performed due to administrative reasons  

[IEV 191-08-09] 

3.3  
ageing failure, wearout failure 
failure whose probability of occurrence increases with the passage of time, as a result of 
processes inherent in the item  

[IEV 191-04-09] 

3.4  
constant failure intensity period 
that period, if any, in the life of a repaired item during which the failure intensity is 
approximately constant  

[IEV 191-10-08] 

3.5  
constant failure rate period 
that period, if any, in the life of a non-repaired item during which the failure rate is 
approximately constant  

[IEV 191-01-09] 

3.6  
equipment under prediction 
EUP  
static electricity metering equipment for which a reliability prediction is being made 

3.7  
failure cause 
circumstances during design, manufacture or use which have led to a failure  

[IEV 191-04-17] 

3.8  
failure intensity acceleration factor 
in a time interval of given duration, whose beginning is specified by a fixed age of a repaired 
item, ratio of the number of failures obtained under two different sets of stress conditions 

[IEV 191-14-12] 

3.9  
(instantaneous) failure rate  

)(tλ  
limit, if it exists, of the quotient of the conditional probability that the instant of a failure of a 
non-repaired item falls within a given time interval (t, t + Δt) and the duration of this time 
interval, Δt, when Δt tends to zero, given that the item has not failed up to the beginning of the 
time interval  
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NOTE 1 The instantaneous failure rate is expressed by the formula: 
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where F(t) and f(t) are respectively the distribution function and the probability density of the failure instant, and 
where R(t) is the reliability function, related to the reliability R(t1,t2) by R(t) =R(0,t). 

NOTE 2 An estimated value of the instantaneous failure rate can be obtained by dividing the ratio of the number 
of items which have failed during a given time interval to the number of non-failed items at the beginning of the 
time interval, by the duration of the time interval. 

NOTE 3 In English, the instantaneous failure rate is sometimes called "hazard function". 

[IEV 191-12-02] 

3.10  
failure rate acceleration factor 
ratio of the failure rate under accelerated testing conditions to the failure rate under stated 
reference test conditions 

NOTE Both failure rates refer to the same time period in the life of the tested items. 

[IEV 191-14-11] 

3.11  
fault 
state of an item characterized by inability to perform a required function, excluding the 
inability during preventive maintenance or other planned actions, or due to lack of external 
resources 

NOTE 1 A fault is often the result of a failure of the item itself, but may exist without prior failure. 

NOTE 2 In English, the term “fault” is also used in the field of electric power systems with the meaning as given in 
604-02-01: then the corresponding term in French is “défaut”. 

[IEV 191-05-01] 

3.12  
maintenance 
combination of all technical and administrative actions, including supervision actions, 
intended to retain an item in, or restore it to, a state in which it can perform a required 
function 

[IEV 191-07-01] 

3.13  
maintenance policy 
description of the interrelationship between the maintenance echelons, the indenture levels 
and the levels of maintenance to be applied for the maintenance of an item 

[IEV 191-07-03] 

3.14  
maintenance time 
time interval during which a maintenance action is performed on an item either manually or 
automatically, including technical delays and logistic delays 

NOTE Maintenance may be carried out while the item is performing a required function. 

[IEV 191-08-01] 
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3.15  
mean repair time  
MRT  
expectation of the repair time  

[IEV 191-13-05] 

3.16  
mean operating time between failures  
MTBF  
expectation of the operating time between failures  

[IEV 191-12-09] 

3.17  
mean time to failure  
MTTF  
expectation of the time to failure  

[IEV 191-12-07] 

3.18  
operating time 
time interval during which an item is in an operating state  

[IEV 191-09-01] 

3.19  
prediction 
process of computation used to obtain the predicted value(s) of a quantity 

NOTE The term “prediction” may also be used to denote the predicted value(s) of a quantity. 

[IEV 191-16-01] 

3.20  
redundancy 
in an item, existence of more than one means for performing a required function 

[IEV 191-15-01] 

3.21  
reference data 
data which, by general agreement, may be used as a standard or as a basis for prediction 
and/or comparison with observed data  

[IEV 191-14-18] 

3.22  
reliability model 
mathematical model used for prediction or estimation of reliability performance measures of 
an item  

[IEV 191-16-02] 



 – 9 – EN 62059-41:2006 

 

3.23  
(instantaneous) repair rate  
μ(t) 
limit, if this exists, of the ratio, of the conditional probability that the corrective maintenance 
action terminates in a time interval, (t, t +Δt) and the duration of this time interval, Δt, when Δt 
tends to zero, given that the action had not terminated at the beginning of the time interval 

[IEV 191-13-02] 

3.24  
repair time 
that part of active corrective maintenance time during which repair actions are performed on 
an item  

[IEV 191-08-16] 

3.25  
required function 
function or a combination of functions of an item, which is considered necessary to provide a 
given service  

[IEV 191-01-05] 

3.26  
(steady-state) availability 
the mean of the instantaneous availability under steady-state conditions over a given time 
interval 

NOTE Under certain conditions, for instance constant failure rate and constant repair rate, the steady-state 
availability may be expressed by the ratio of the mean up time to the sum of the mean up time and mean down 
time. Under these conditions, asymptotic and steady state availability are identical and are often referred to as 
“availability”. 

[IEV 191-11-06] 

3.27  
stress model 
mathematical model used to describe the influence of relevant applied stresses on a reliability 
performance measure or any other property of an item  

[IEV 191-16-10] 

4 General information 

Reliability prediction methods are used to determine the probability that in a certain time 
interval, an EUP will be in the operating state, will be out of service or will be in the 
maintenance process. Results of such prediction methods can also indicate the percentage of 
equipment in a given population operating correctly, failed or being repaired, and the mean 
length of these intervals. 

Reliability prediction is a statistical process reaching into the future, and it is based on 
information known from the past. The result therefore is always a probability of certain 
variables. To perform reliability predictions, detailed system knowledge and component 
reliability data are necessary. 

It is important to distinguish between repairable and non-repairable items because the 
variables characterizing them are quite different, although there is a relationship between 
these variables. 
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In a non-repairable system, the Time To Failure (TTF) of the system components determines 
the useful life, during which the equipment performs its required functions with an estimated 
probability. 

For a repairable system, its steady-state availability is the most important, and the mean 
repair-time or maintainability also become important variables since the cost of maintenance 
and the frequency of functional interruptions depend on each other. 

This distinction shall also be made because requirements must be set for the correct set of 
variables. For example, it is not possible to set or meet requirements for availability by 
observing or predicting only the reliability function, without considering maintainability, 
including the maintenance policy of the utility. 

Before any prediction can be made, the EUP shall be modelled. An EUP usually consists of 
several subsystems or components. Components are the smallest units, which form the 
system. Components are defined to be non-repairable otherwise they are regarded as sub-
systems. Prediction methods for non-repairable systems are therefore also applicable to 
components. System reliability prediction depends on the reliability of the components, and 
system reliability calculations use component reliability data. To obtain good prediction 
results, the reliability of components must be known as exactly as possible. 

It is also important to know the operating conditions of the components, as these have 
influence on the reliability of the components. Some prediction methods also require the 
structural knowledge of the system. 

Predictions are only valid if: 

– no unforeseen events in or outside the EUP occur (for example the EUP is damaged); 
– the EUP does not change its characteristics except from ageing; 
– environmental conditions are constant or predictable; 
– functional conditions (e.g. mains voltage) are constant or predictable; 
– detailed performance requirements or failure criteria of the EUP exist; 
– no design failures are present. 

The above criteria are the only scale by which the correct functioning of the EUP can be 
judged. 

Therefore, reliability prediction results shall always be presented together with the assump-
tions and conditions for which the prediction was made. See also 6.6. 

5 Reliability analysis methods  

For any reliability model, it is essential to perform an analysis of the EUP to confirm that the 
model chosen is suitable to achieve the desired result. Techniques to make this analysis are 
outlined in Annex B. 
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Reliability analysis methods usually provide information on system reliability at a particular 
instant of time at present or for a time interval in the past. For reliability analysis and 
prediction the relevant variables, characteristics, and parameters are mostly the same. 
Additionally, reliability analysis can and should provide information on the failure causes. 

If the EUP is considered repairable, then information on the reintroduction into the field after 
repair (end of down time interval) will also be known precisely. 

6 Reliability prediction using the parts stress method 

6.1 Overview 

The parts stress method is used for predicting the failure rate of a system based on the failure 
rate of its components under the operating conditions experienced during the use of the 
system. 

The basic assumption is that equal importance is placed on all components concerning 
system reliability, i.e. failure of any component is assumed to lead to a system failure (simple 
series model). In many practical cases, this assumption is of course not true. In such cases, 
this method may lead to pessimistic results. 

Additionally, all failure rates are assumed to be constant for the time period considered, i.e. 
an exponential failure distribution is assumed. During the operating life of an EUP this is an 
acceptable approximation. 

The following data are needed: 

– the number of components in each component category; 
– failure rate of each component under reference conditions; 
– stress factors and conversion models for each component; 
– structural information for the circuits, which are not intrinsically series connected. 

The failure rate of the system is calculated by totalling the failure rate of each component in 
each category under their respective operating conditions. 

The inverse function of this failure rate is the MTBF, which is the average time between two 
failures. The end of the useful life on the other hand is determined by the wear out of the 
components and cannot be estimated based on the exponential model. 

If redundancy were built in, then due to the higher number of components, the parts stress 
method would indicate lower reliability for better systems. In such cases, it is necessary to 
combine the parts stress method with other reliability prediction and analysis methods. 
Redundant subsystems shall be treated as single elements in order that the resulting failure 
rate can be included in the series connected parts model. This failure rate can be calculated 
by other methods, for example combinatorial probability computation (multi-level approach). 
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6.2 Component failure rate data 

Component failure rate data may be obtained from appropriate handbooks (see Bibliography). 
The advantage of using handbook data is that system designs from different manufacturers 
can be readily compared. However, data provided by component suppliers and data on items 
and components obtained from field feedback may provide results that are more accurate 
hence use of such data is preferred. For components not included in the database chosen, 
data may only be obtained from the item supplier or field feedback from previous designs. 

IEC 61709 provides guidance on the use of failure rate data for predicting the reliability of 
components in electronic equipment. It presents reference conditions and generic and 
component category specific stress models for converting failure rates under reference 
conditions to failure rates under operating conditions. 

6.3 Stress models 

Components may not always operate under the reference conditions. In such cases, 
operational conditions will result in failure rates different from those given for reference 
conditions. Therefore, models for stress factors by which failure rates under reference 
conditions can be converted to values applying for operating conditions (actual ambient 
temperature and actual electrical stress on the components) may be required.  

Clause 7 of IEC 61709 includes specific stress models and values for component categories 
and should be used for converting reference failure rates to field operational failure rates. 
However, if models that are more specific are applicable for particular component types then 
these models should be used and their usage noted. 

The conversion of failure rates is only possible within specified functional limits of the 
components. 

The general equation for calculating the failure rate under operating conditions is: 

TIUref ππλλ ×××= π  

where 

refλ   is the failure rate under reference conditions; 

Uπ  is the voltage dependence factor; 

Iπ  is the current dependence factor; 

Tπ  is the temperature dependence factor. 

For certain component categories, not all the π  factors listed above are used or different π  
factors apply. Some examples are: 

Dπ  is the drift sensitivity factor, used with certain semiconductor components in drift 
sensitive circuits; 

ESπ  is the electrical stress dependence factor, for example with relays and switches (also 
known as load dependence factor, Lπ ); 
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Eπ   is the environment dependence factor, relevant, for example for relays and switches; 

Wπ  is the stress profile factor, relevant for components not continually stressed, for 
example with relays. 

For each component category, IEC 61709 contains the appropriate equations for the 
calculation of the failure rate under operating conditions and for the calculation of the relevant 
π -factors.  

The databases contain the failure rates at reference conditions and the equations and 
constants for calculating the failure under operating conditions. 

NOTE IEC 61709 does not include π  factors for taking into account the effect of humidity, pressure and 
mechanical stress. The effect of such conditions may be evaluated using accelerated test methods and appropriate 
damage models. For more information, see IEC 62308, Annex B. 

The “typical” values of the reference failure rates and the constants used in the equations to 
calculate the π  factors are the average of typical component values specified by various 
manufacturers specifications and test results. These data can be quite reliable, but in some 
cases, the data are not specified or not obtained directly from field data. Consequently, failure 
rate predictions often differ from field data and it is always advisable to use field data 
wherever possible. By introducing an extra FDπ  factor, it is possible to calibrate the prediction 
using data collected from the field. See also B.2.5. 

Furthermore, certain components, like batteries and LCDs are difficult to model and it may be 
necessary for the manufacturer to provide separate information about reliability and expected 
lifetime when such components are used in certain operating conditions. 

6.4 Failure rate prediction using the parts stress method 

As outlined in 6.1, assuming a simple series system model and constant failure rates, the 
system failure rate is the sum of the failure rates of its components i.e. 

nλλλλλ ++++= ....321  

The reliability of the EUP can therefore be predicted from the failure rate of its components. 

6.5 Phases of the failure rate prediction process 

The failure rate prediction process consists of the following phases: 

– identify EUP and functions to be covered by prediction; 
– define failures; 
– specify the operating conditions of the EUP, based on which the operating conditions of 

each component can be determined. These shall include the voltage across the voltage 
circuits, supply voltage if different, load current in the current circuits, ambient 
temperature and any other relevant conditions; 

– analyse equipment structure for redundancy; 
– determine stress profile for each component; 
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– select reference failure rate for each component from the database or other relevant 
source; 

– calculate failure rate for each component using the relevant stress factors; 
– sum up the component failure rates. 

NOTE The calculation can be performed by commercially available software. 

6.6 Presentation of results 

When reporting reliability predictions according to this standard, at least the following 
information shall be provided: 

– purpose of the prediction, like business decisions, system architecture decisions, 
equipment design decisions; 

– object of prediction (EUP); 
– EUP functions covered and any functions that are excluded from the prediction shall be 

listed together with the reasons for their exclusion. 
– a statement that the prediction is based on the reliability model and method presented in 

IEC 61709 and IEC 62059-41 (this standard); 
– a statement that the prediction applies for the constant failure rate interval; 
– failure definitions: relevant failures according to IEC 62059-21; 
– environmental and operating conditions for which the prediction is made; 
– ratings and π  factors assumed; 

– component failure rate data source, (see Bibliography, Siemens Norm 29500). If data 
sources other than handbooks are used, the sources and the justification of using them 
shall be presented; 

– prediction result: failure rate in %/year. 

7 Other dependability considerations 

The predicted failure rate can also be used for the calculation of other reliability functions. 
The system reliability R can be mathematically expressed as: 

tetR λ−=)(  

where 
e = 2,71828; 
t is the time period; 

λ is the failure rate. 

Reliability can be expressed also in terms of cumulative number of failures  during a 
specified time period t: 

)(tF

)(1)( tRtF −=  

As shown in IEC 62059-11, Annex A, there is a relationship between the reliability and 
availability figures through the maximum time between the occurrence and the discovery of 
the failure. 
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To ensure an appropriate level of service, the main requirement is set for the Availability (A) 
of the metering equipment operating at the customer’s premises. 

From the required availability figure (A), the necessary reliability of the metering equipment (λ 
or MTBF) can be calculated taking into account the maintenance policy of the operator of the 
meter park, for example discovering a fault at yearly, monthly meter reading, etc. On the other 
hand, if the reliability figure for a given metering equipment type is known, then the 
maintenance policy can be tailored to the availability requirements. 

If the field performance of the metering equipment is different from the failure rate predicted, 
then the required availability can be maintained by adapting the maintenance process. 

8 Life time of life limited components 

In order to validate the end of the constant failure rate period, the life expectancy for life 
limited components shall be estimated. Components that have limited life (wear out) are 
typically (see IEC 62380): 

– solderings (vibration and thermal cycles); 
– power transistors (cycles at junction temperature); 
– optocouplers, LED’s, laser diodes; 
– non-solid electrolytic capacitors;  
– relays, reed relays, thermal relays;  
– switches, connectors;  
– varistors, and 
– batteries.  

Data from component suppliers or from field feed back should be used. IEC 62380 also 
contains equations to predict life expectancy for life limited components. 

 



 

 

– 16 – 
 

A
nn

ex
 A

  
(n

or
m

at
iv

e)
 

R
el

ia
bi

lit
y 

pr
ed

ic
tio

n 
– 

P
ro

ce
du

ra
l f

lo
w

 

E
qu

ip
m

en
t

fu
nc

tio
ns

Fa
ilu

re
de

fin
iti

on
s

E
nv

iro
n-

m
en

ta
l

co
nd

iti
on

s

R
el

ia
bi

lit
y

st
ru

ct
ur

e
 a

na
ly

si
s

R
el

ia
bi

lit
y

st
ru

ct
ur

e
 m

od
el

R
el

ia
bi

lit
y

m
at

he
m

at
ic

al
m

od
el

S
tre

ss
an

al
ys

is

In
iti

al
 c

on
di

tio
ns

M
od

el
ad

ap
ta

tio
n

C
om

po
ne

nt
fa

ilu
re

 ra
te

co
nv

er
si

on
s

E
U

P
 re

lia
bi

lit
y

ca
lc

ul
at

io
ns

R
el

ia
bi

lit
y

pr
ed

ic
tio

n
re

su
lts

A
na

ly
si

s
M

od
el

s
M

od
el

 a
da

pt
at

io
n

O
pe

ra
tio

na
l

co
nd

iti
on

s

D
at

a 
ad

ap
ta

tio
n

D
at

a 
so

ur
ce

s
Le

ge
nd

Q
ua

lit
y

pr
og

-
ra

m
m

e

R
ef

er
en

ce
fa

ilu
re

 d
at

a

S
tre

ss
m

od
el

s

D
at

a
ad

ap
ta

tio
n

D
at

a
ad

ap
ta

tio
n

D
at

a 
or

in
iti

al
co

nd
iti

on

A
ct

iv
ity

In
te

rm
ed

ia
te

re
su

lt

Fi
na

l r
es

ul
t

C
al

cu
la

tio
ns

R
es

ul
ts

 
IE

C
  

 2
26

2/
05

 

EN 62059-41:2006 



EN 62059-41:2006 – 17 – 

Annex B  
(informative) 

 
Overview of other reliability analysis and prediction methods 

 
 

B.1 Reliability analysis methods 

B.1.1 Network techniques 

The underlying model is a Boole’s condition of only two states (operating/failed) for all 
components as well as for the system. This is in many cases a coarse simplification, but it 
needs only very simple mathematical skills to analyse large systems. Results are worst-case, 
i.e. no hidden risks remain. Many software packages exist for these methods. 

In order to calculate system reliability, the following techniques can be used: 

– combinatorial rules for components states; 
– simple logical series/parallel systems: basic reliability calculation as above; 
– reliability block diagrams: decompose the system into separate reliability blocks (not 

functions) that are statistically independent from one another, and calculate the system 
reliability.  For large, complex or meshed systems this method becomes too laborious, 
hence an interval estimate of system reliability may be obtained using cut and tie sets: 

• min-tie (path) sets: find all the minimum subsets that tie together the inputs and 
outputs to make the system function. Then the upper bound on system reliability is 

given by:  ∑∏
= =

− =
T n

RR
1j 1k

kuppers

j

where T is the number of tie sets, nj is the number of blocks in the jth tie set and Rk is 
the reliability of the kth block. 

• min-cut sets: find all the minimum subsets that cut all ties (paths) between the inputs 
and the outputs to make the system fail. Then the lower bound on system reliability is 
given by 

∑∏
= =

− −−=
C n

RR
1j 1k

klowers

j

)1(1  

 where C is the number of cut sets, nj is the number of blocks in the jth cut set and Rk is 
the reliability of the kth block. 

NOTE For high block reliabilities, Rs → Rs-lower whilst “calculated” Rs-upper > 1, i.e. Rs-upper = 1.  For low block 
reliabilities, Rs → Rs-upper whilst “calculated” Rs-lower < 0, i.e. Rs-lower = 0. 
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B.1.2 State space techniques 

The underlying model is the Markov process. The basic assumption is a two-state (binary) 
model for all components, but as system characterisation, the state space vector composed of 
all component states as elements is introduced. Since this results in 2n possible system 
states from n components, this system characterisation is in many practical cases much too 
detailed. 

For a Markov-model based reliability analysis approach, knowledge of the following is 
necessary: 

– number and states of all components; 
– degree of independence of all components from each other; 
– degree of independence from earlier states than the last one (is it a Markov process?); 
– (crucial) transition rate between states, usually constant, time-independent (at least 

piecewise); 
– classification of every state and its influence on the system. 

This approach results in the complete description of the system behaviour in the future. It is 
the most common method for calculating reliability variables for repairable systems. Matrix 
elements have to stay constant during a time step interval. 

Without detailed information on transition rates between all states, the system matrix – the 
key element of the system differential equation – cannot be quantified; i.e. no calculations are 
possible and no results can be obtained. It is essential that every matrix element be 
estimated. 

B.1.3 Testing 

As in probabilistic calculations, it is also possible to evaluate reliability variables by the testing 
of specimens. The basic standards for testing are IEC 60300-3-5 and IEC 60605-2. 

It can take a long time to confirm certain parameters if the equipment is designed for high 
reliability (low failure rate), because failures may occur only after a lengthy testing time. 
Therefore, accelerated testing must be used. 

To identify weak points and failure modes in the design, step stress test (HALT test) can be 
used. 

B.2 Reliability modelling and prediction methods 

B.2.1 Overview 

Reliability modelling and prediction is a process of quantitatively assessing the reliability of a 
system both during the design phase and during field operation. During design and 
development, the prediction serves as a guide by which design alternatives can be evaluated. 
In field operation, the prediction serves as a useful guide to identify items likely to fail in a 
given time span thus allowing an estimation of field servicing requirements. 
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Methods to analyse system reliability often serve as prediction tools, assuming that all 
relevant system and environmental parameters stay the same over the appropriate time 
interval. It is basically a probabilistic extrapolation of the past into the future. 

There are four basic prediction categories:  

– system simulation; 
– mathematical modelling and analysis; 
– testing; 
– collecting and processing field data. 

Limitations of reliability models and predictions are as follows: 

– reliance is placed on the accuracy and validity of failure rate data; 
– for new technology devices, failure rate data may not be available; 
– whilst the models may indicate that a low failure rate can be achieved through temperature 

reductions, in practice other stresses may predominate and render temperature reductions 
alone ineffective in achieving high reliability; 

– the methods provide only a broad estimation of reliability; 
– the assumption of constant failure rate during useful life may not always be valid; 
– repairable systems cannot be modelled by this approach. 

B.2.2 System simulation 

The system or its functions are simulated either by hardware or software models. Hardware 
modelling (e.g. by a prototype) is quite common before launching the production. This is 
usually the best way to find out whether the design performs as required. Simulation usually 
takes a much longer time for reliability prediction purposes. Using software simulation, an 
analysis of complex stochastic processes of systems can be done. 

B.2.3 Mathematical modelling and analysis 

These methods model and analyse the system today to predict its future reliability behaviour. 
The following categories of mathematical prediction exist. 

B.2.3.1 Basic probability calculations 

These are restricted to very simple systems having simple structures. For these, formulae 
exist that can be used to determine system reliability from components reliability data. 

On the other hand, expenditure rises exponentially with the number of components and 
system complexity, and the results are valid only for one instant of time. Such analysis should 
therefore be limited to complicated active components (key components). 
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B.2.3.2 Theory of stochastic processes 

It describes the performance and failures of a system versus time. Basic variables used are 
system states, mean time intervals for the states and probabilities for state transitions. 
Usually, deterministic and stochastic processes occur at the same time, for example change 
of tariff (deterministic) and unpredictable operational/failed states (stochastic). 

B.2.4 Testing 

Accelerated life testing is another useful technique, but it is important that the right failure 
mechanisms are exercised, for example to make sure that excessive temperature stresses do 
not change the main failure mechanism and, in case of the presence of different failure 
mechanisms, the basic relationship between them stays the same. 

B.2.5 Collecting and processing field data 

This can only be the last part of a prediction methodology, because it always lags behind. 
Field data form the one and only true basis for any reliability performance measurement. 
While this is a retrospective methodology, it can be used to calibrate prediction models for 
future use. 

Using field data for reliability prediction requires the knowledge of the instant of time when the 
failure occurred, i.e. at what instant of time did the system transit from an operational to a 
faulty state. In order to accomplish this, failure criteria must be defined beforehand. In the 
case of metering equipment, it may be, for example the acceptable percentage error limits on 
the field. 

In order to accomplish this, the failure criteria (e.g. acceptable percentage error in accuracy in 
the field, see IEC 62059-21) and the method for establishing the time of the failure shall be 
given. 

Due to the operational process of electricity metering equipment, a delay may occur between 
the occurrence of the failure and logging of the failure, for example at the next regular meter 
reading time. Depending on the operational practice, this may be half a month or half a year 
on the average if monthly or yearly reading is used. Errors introduced due to this potential 
delay between the “true instant of failure” and the “logged instant of failure” are not significant 
in the long-term steady-state reliability prediction results. Thus, reliable data can be obtained 
by applying the IEC 62059-21. 
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Annex ZA  
(normative) 

 
Normative references to international publications 

with their corresponding European publications 
 
The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies.  
 
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  
 
Publication Year Title EN/HD Year 
IEC 60050-191 
+ A1 
+ A2 

1990 
1999 
2002 

International Electrotechnical Vocabulary 
(IEV) 
Chapter 191: Dependability and quality of 
service 

- 
- 
- 

- 
- 
- 

 
  

IEC 61709 1996 Electronic components - Reliability - 
Reference conditions for failure rates and 
stress models for conversion 

EN 61709 1998 

 
  

IEC/TR 62059-11 2002 Electricity metering equipment - Dependability
Part 11: General concepts 

- - 
 
  

IEC/TR 62059-21 2002 Electricity metering equipment - Dependability
Part 21: Collection of meter dependability 
data from the field 

- - 
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