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INTERNATIONAL ELECTROTECHNICAL COMMISSION

APPLICATION OF UNCERTAINTY OF MEASUREMENT
TO CONFORMITY ASSESSMENT ACTIVITIES
IN THE ELECTROTECHNICAL SECTOR

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compti
bl national electrotechnical committees (IEC National Committees). The object of IEC is to) ‘pron|
nternational co-operation on all questions concerning standardization in the electrical and electronici\fields
his end and in addition to other activities, IEC publishes International Standards, Technical~Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred” to as

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory work. International, governmental and T
hjovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance with conditions determined
hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly’as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international 'use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are made te'ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National”Gommittees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their{national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate]
he latter.

EC itself does not provide any attestation of comformity. Independent certification bodies provide confor
hssessment services and, in some areas, access'to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.
No liability shall attach to IEC or its directors, employees, servants or agents including individual experts
members of its technical committeesiand IEC National Committees for any personal injury, property damag

bxpenses arising out of the spublication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the carrect application of this publication.

Attention is drawn to-the possibility that some of the elements of this IEC Publication may be the subjeq
batent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This second edition of IEC Guide 115 has been prepared, in accordance with
ISO/IEC Directives, Part 1, Annex A, by IECEE/CTL. This is a non-mandatory guide in
accordance with SMB Decision 136/8.

Thi

s second edition cancels and replaces the first edition published in 2007.

The main changes with respect to the previous edition are as follows:

a)

b)

editorial alignment to ISO/IEC 17025:2017 without adapting the technical content;
2

Ao 4200 it 4.2
r 7

A OAOE o o
UZ0.2UVUV difu ToVU/TEU
n

of ISO/IEC 17025.

references to+tSOHEC+ —order—to—tretp—for

transition to the new editio

he

The text of this IEC Guide is based on the following documents:

Four months' vote Report on voting

SMBNC/8/DV SMBNC/14/RV

Full information on the voting for its approval can be found in the report’on voting indicated in
thel above table.
The language used for the development of this Guide is English!
Thils publication has been drafted in accordance with ihe ISO/IEC Directives, Part 2, and
deyeloped in accordance with ISO/IEC Directives;{ Part 1 and ISO/IEC Directives, IEC
Supplement, available at www.iec.ch/members_experts/refdocs. The main document types
deyeloped by IEC are described in greater detaihat'www.iec.ch/standardsdev/publications.
IMPORTANT - The 'colour inside’-logo on the cover page of this publication indicates
thgqt it contains colours which " are considered to be useful for the correct
ungerstanding of its contents: .Users should therefore print this document using| a

co

our printer.
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INTRODUCTION

This document has been prepared by the IECEE Committee of Testing Laboratories (CTL) to
provide guidance on the practical application of the measurement uncertainty requirements of
ISO/IEC 17025 to the electrical safety testing conducted within the IECEE CB Scheme.

The IECEE CB Scheme is a multilateral, international agreement, among over 40 countries
and some 60 national certification bodies, for the acceptance of test reports on electrical
products tested to IEC standards.
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CHNICAL COMMITTEE 13:

CHNICAL COMMITTEE 17:
CHNICAL COMMITTEE 18:

CHNICAL COMMITTEE 20:
CHNICAL COMMITTEE 21:
CHNICAL COMMITTEE 22:
CHNICAL COMMITTEE 23;
CHNICAL COMMITTEE32:
CHNICAL COMMITTREE 33:
CHNICAL COMMITTEE 34:
CHNICAL COMMITTEE 35:
CHNICALCOMMITTEE 38:

aim of the CTL is, among other tasks, to define a common understanding of the i?st
hodology with regard to the IEC standards as well as to ensure and continually-improve
repeatability and reproducibility of test results among the member laboratories.

b practical approach to measurement uncertainty outlined in this document has bgen
adopted for use in the IECEE Schemes, and is also extensively used around the world
ting laboratories engaged in testing electrical products to national safety standards.

by

s document is of particular interest to the following IEC technicah.committees, which-aay
decide to make use of it if necessary:

e =
e

ELECTRICAL ENERGY MEASUREMENT AND CONTROL
HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

ELECTRICALINSTALLATIONS OF SHIPS AND OF MOB
AND FIXEDZOFFSHORE UNITS

ELECTRIE CABLES

SECONDARY CELLS AND BATTERIES

POWER ELECTRONIC SYSTEMS AND EQUIPMENT
ELECTRICAL ACCESSORIES

FUSES

POWER CAPACITORS AND THEIR APPLICATIONS
LAMPS-AND RELATED EQUIPMENT LIGHTING
PRIMARY CELLS AND BATTERIES

INSTRUMENT TRANSFORMERS

LE

e e
CHNICAL COMMITTEE 40: CAPACITORS AND RESISTORS FOR ELECTRONIC
EQUIPMENT
TECHNICAL COMMITTEE 47: SEMICONDUCTOR DEVICES
TECHNICAL COMMITTEE 59: PERFORMANCE OF HOUSEHOLD AND  SIMILAR

TECHNICAL COMMITTEE 61:

TECHNICAL COMMITTEE 62:
TECHNICAL COMMITTEE 64:

TECHNICAL COMMITTEE 65:

ELECTRICAL APPLIANCES

SAFETY OF HOUSEHOLD AND SIMILAR ELECTRICAL
APPLIANCES

ELECTRICAL EQUIPMENT IN MEDICAL PRACTICE

ELECTRICAL INSTALLATIONS AND PROTECTION
AGAINST ELECTRIC SHOCK

INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND
AUTOMATION
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TECHNICAL COMMITTEE 66: SAFETY OF MEASURING, CONTROL AND LABORATORY
EQUIPMENT

TECHNICAL COMMITTEE 76: OPTICAL RADIATION SAFETY AND LASER EQUIPMENT
TECHNICAL COMMITTEE 77: ELECTROMAGNETIC COMPATIBILITY
TECHNICAL COMMITTEE 78: LIVE WORKING

TECHNICAL COMMITTEE 80: MARITIME NAVIGATION AND RADIOCOMMUNICATION
EQUIPMENT AND SYSTEMS

TECHNICAL COMMITTEE 82: SOLAR PHOTOVOLTAIC ENERGY SYSTEMS
TELCHNICAL COMMITTEE 110: ELECTRONIC DISPLAYS
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Thy

APPLICATION OF UNCERTAINTY OF MEASUREMENT
TO CONFORMITY ASSESSMENT ACTIVITIES
IN THE ELECTROTECHNICAL SECTOR

ulgae preser d pra dl approacr O the app dlion OT uncertainty or measuremer
formity assessment activities in the electrotechnical sector. It is specifically concejved
in IECEE Schemes as well as by testing laboratories engaged in testing €lectr
ducts to national safety standards. It describes the application of uncertainty

asurement principles and provides guidance on making uncertainty of measuremfnt

culations. It also gives some examples relating to uncertainty of measurement calculati
product conformity assessment testing.

Normative references

e following documents are referred to in the text in such a‘way that some or all of th

content constitutes requirements of this document. For dated references, only the editl
cited applies. For undated references, the latest edition of the’referenced document (includ
any amendments) applies.

ISQ/IEC 17025, General requirements for the~ecompetence of testing and calibrat
labpratories

L

BH

1t

BH

3 | Terms and definitions

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

ISQ and IEC maintain terminological databases for use in standardization at the follow
addresses:

o |IECElectropedia: available at http://www.electropedia.org/

o |[ISO’Online browsing platform: available at http://www.iso.org/obp

3.1

coverage factor
number that, when multiplied by the combined standard uncertainty, produces an interval
(the expanded uncertainty) about the measurement result that—may can be expected to
encompass a large, specified fraction (e.g. 95 %) of the distribution of values that could be
reasonably attributed to the measurand

3.2

combined standard uncertainty

res

ult of the combination of standard uncertainty components

to
for
cal
of

ns

eir
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ing
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3.3
error of measurement

result of a measurement minus a true value of the measurand—(netprecisely—quantifiable

Note 1 to entry: The error of measurement is not precisely quantifiable because the true value lies somewhere
unknown within the range of measurement uncertainty.

3.4
expanded uncertainty
value obtained by multiplying the combined standard uncertainty by a coverage factor

3.
leviel of confidence
prgbability that the value of the measurand lies within the quoted range of uncertainty

3.

melasurand
quantity subjected to measurement, evaluated in the state assumed by,the measured system
during the measurement itself

[SOURCE: IEC 60359:2001, 3.1.1, modified — The NOTES have(bgén deleted.]

3.7
quantity X;
soyrce of uncertainty

3.8
standard deviation
pogitive square root of the variance

3.9
standard uncertainty
estjmated standard deviation

3.10
ungertainty of measurement
panameter, associatedwith the result of a measurement, that characterizes the dispersion of
thel values that could-reasonably be attributed to the measurand

[SOURCE: IEC.60359:2001, 3.1.4, modified — The NOTES have been deleted.]

3.1
Type A'evaluation method
meIthod of evaluation of uncertainty of measurement by the statistical analysis of a serieq of

Ob AAAAA Lionc
SCTTVOtoTTS

3.12

Type B evaluation method

method of evaluation of uncertainty of measurement by means other than the statistical
analysis of a series of observations

4 Application of uncertainty of measurement principles

4.1 General

411
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Qualification and acceptance of Certification Body Testing Laboratories (CBTLs), e.g. in the
IECEE, are performed according to ISO/IEC 17025.

ISO/IEC 17025:2005, 5.4.6.2

"Testing laboratories shall have and apply procedures for estimating uncertainty of measure-
ment. In certain cases, the nature of the test method may preclude rigourous, metrologically

and statistically valid, calculation of uncertainty of measurement.

In these cases the

laboratory shall at least attempt to identify all the components of uncertainty and make a
reasonable estimation, and shall ensure that the form of reporting of the result does not give a

wrerg—mpression—ef-the—unecertainty—Reasenable—estimation—shal-be-based-onknowledgq of
the| performance of the method and on the measurement scope and shall make use -ef, [for
exgmple, previous experience and validation data.

NOTE 1 The degree of rigour needed in an estimation of uncertainty of measurement depends on factors such|as:
— fhe requirements of the test method;

— fhe requirements of the client;

— fhe existence of narrow limits on which decisions on conformance to a specification are“based.

NOTE 2 In those cases where a well-recognized test method specifies limits to the{valtues of the major sourcefs of
uncprtainty of measurement and specifies the form of presentation of calculated results, the laboratory is
conpidered to have satisfied this clause by following the test method and reporting-instructions (see 5.10)."
ISQ/IEC 17025:2017, 7.6

"7.p Evaluation of measurement uncertainty

7.6.1 Laboratories shall identify the contributions to measurement uncertainty. When
evgluating measurement uncertainty, all corifsibutions that are of significance, including thgse
ariging from sampling, shall be taken into*aeccount using appropriate methods of analysis.
7.6.2 A laboratory performing calibfations, including of its own equipment, shall evaluate fhe
mejasurement uncertainty for all calibrations.

7.6.3 A laboratory perfopming testing shall evaluate measurement uncertainty. Where fhe
tesf method precludes rigoreus evaluation of measurement uncertainty, an estimation shall|be
majde based on an un@erstanding of the theoretical principles or practical experience of the
pefformance of the method.

NOTE 1 In thosewcases where a well-recognized test method specifies limits to the values of the major sourcejs of
megsurement dncertainty and specifies the form of presentation of the calculated results, the laboratory is
conpidered to’have satisfied 7.6.3 by following the test method and reporting instructions.

NOTE 2( Ror a particular method where the measurement uncertainty of the results has been established fjand
verifiedy there is no need to evaluate measurement uncertainty for each result if the laboratory can demonstfate
thafl the“identified critical influencing factors are under control."

4.1.2 ECHSO170251SO/IEC 17025:2005, 5.10.3.1 c) states:

"c) where applicable, a statement on the estimated uncertainty of measurement; information

on uncertainty is needed in test reports, when it is relevant to the validity-ef or applicat

ion

of the test results, when a—elient’'s customer’s instruction so requires, or when the

uncertainty affects compliance to a specification limit;".
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ISO/IEC17025:2017, 7.8.3.1 c) states:

"c) where applicable, the measurement uncertainty presented in the same unit as that of the
measurand or in a term relative to the measurand (e.g. percent) when:
— itis relevant to the validity or application of the test results;
— a customer's instruction so requires, or

— the measurement uncertainty affects conformity to a specification limit;".

4.1.3 ECASO17025 ISO/IEC 17025 was written as a general use document, for all

pre
cor
Prg
This
guidance on the application of uncertainty of measurement principles to reperting of tesfing
resjults under the CB Scheme.

4.1[4 Clause 4 of-CBTLprocedure this document focuses on the application of uncertainty of
mejasurement principles under the CB Scheme, while Clause 5-of &EBTFL procedure provifles
guidance on making uncertainty of measurement calculations and.includes examples.

4.2 Uncertainty of measurement principles

4 A challenge to applying uncertainty of measurement principles to conformity assejss-
ment activities is managing the cost, time and {practical aspects of determining the
relationships between various sources of uncertainty)) Some relationships are either unkndwn
or would take considerable effort, time and cost t0 establish. There are a number of proyen
techniques available to address this challengex*These techniques include eliminating frirom
consideration those sources of variability which have little influence on the outcome 4nd
mingimizing significant sources of variability by controlling them.

4, Background

4.31 Test methods used underthe IECEE CB Scheme are in essence consensus standar(ds.

|nfluence can be m|n|m|zed by I|m|t|ng the varlab|I|ty of the parameter when performlng the
test.

4.3.3 A frequent way of accounting for the effects of test parameters on test results is to
define the acceptable limits of variability of test parameters. When this is done, any variability
in measurement results obtained due to changes in the controlled parameters is not
considered significant if the parameters are controlled within the limits. Examples of the
application of this technique require:

a) input power source to be maintained: voltage 12 %, frequency 10,5 %, total harmonic
distortion maximum 3 %;

b) ambient temperature: 23 °C t 2 °C;

c) relative humidity: 93 % = 2 % (RH);
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d) personnel: documented technical competency requirements for the test;
e) procedures: documented laboratory procedures;

f) equipment accuracy: instrumentation with accuracy according to CTL-decision—254A OD-
5014.

NOTE The acceptable limits in items a) through c) are given as examples and do not necessarily represent actual
limits established.

4.3.4 The end result of controlling sources of variability within prescribed limits is that the
measurement result can be used as the best estlmate of the measurand In effect the

pas s/fa|l deC|S|on

4.j Uncertainty of measurement principles — Application of procedures
1

iy
>0

4.41 When a test results in measurement of a variable, there is uncertaintyassociated Wi
thel test result obtained.

4.42 Procedure 1, see Figure 1, is used when calculation of uncertainty of measurement is
required bytECHSO 17025, 5.4.6-2 and-5-140-34item——o) ISO/IECGA7025:2017, 7.6.3 4nd
7.8.3.1 c). Calculate the uncertainty for measurement (see Clause 5) and compare the
mejasured result with the uncertainty band to a defined acceptable limit. The measuremgnt
complies with the requirement if the probability of its being within the limit is at least 50 %.

Sh
©
>
©
o
s I _
w
3 o
=
o
— _ [ . Limit
— O Fail
o
Fail
Pass o
Pass Measurement result

Upper limit of uncertainty —--—-- —

Lower limit of uncertainty - ——-—-

Measuremeht
IEC

Figure 1 — Procedure 1: uncertainty of measurement calculated

4.4.3 Procedure 2, see Figure?2, is used when—lECHSO 47025, 5462
ISO/IEC 17025:2017, 7.6.3, Note 2, applies. Procedure 2 is the traditional method used under
the CB Scheme and has been referred to as the "accuracy method". The test performed is
routine. Sources of uncertainty are minimized so that the uncertainty of the measurement
need not be calculated to determine conformance with the limit. Variability in test parameters
is within acceptable limits. Test parameters such as power source voltage, ambient
temperature and ambient humidity are maintained within the defined acceptable limits for the
test. Personnel training and laboratory procedures minimize uncertainty of measurement due
to human factors. Instrumentation used has an uncertainty within prescribed limits.
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NOTE The name, accuracy method, comes from the concept of limiting uncertainty due to instrumentation by
using instruments within prescribed accuracy limits. For this purpose, the accuracy specification for an instrument

is considered the maximum uncertainty of measurement attributable to the instrument.

Measured value

-
!

Pass

Fail

Pass

Limit

Measurement result ©

Figure 2 — Procedure'2: accuracy method

Measurement

IEC

4.44 The measurement result is considered in conformance with the requirement if i{ is

wit
me

Aasurement result.

4.4.5 Example — Procedure-2

a) Method

Power supply output voltage measurement test

nin the prescribed limit. It is not necessary to calculate the uncertainty associated with fhe

Connect the._power supply to a mains source of rated voltage, +2 %, and rafed
frequency.\Measure output voltage from power supply while loaded to rated currgnt,
+2 %, Wwithh a non-inductive resistive load. The test is to be performed in an ambient
temperature of 23 °C + 2 °C.

Use*meters having an accuracy conforming to CTL-deeision254A OD-5014.
The power supply conforms to the requirements if the output voltage is +5 % of rared

valie

b) Results
Power supply rating: 240 V, 50 Hz input; 5 V d.c., 2 A output. See Table 1.
Table 1
Input Output
U Frequency 1
Y Hz A v
242 50 2,01 5,1

Test ambient temperature: 24 °C.
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The accuracy of the instruments used is shown in-the-fellowing-table Table 2.

Table 2
Meter Calibrated accuracy for scale CTL decision 251A, max.
used for measurement
Thermometer +1,0 °C +2,0 °C
Voltmeter 10,5 % 1,5 %
Frequency meter +0,2 % +0,2 %
Cofrept———— +6-5-% +1-5-5%

The conclusion of the test is that the power supply conforms to the requirement.

Conclusion

The traditional approach to addressing uncertainty of measurement for confornity

ISO/IEC 17025. The accuracy method takes less time and costs less to implement t
iled uncertainty of measurement calculations and the ‘cenclusions reached are valid with
regard to the final pass/fail decision.

4.5.2 In situations where the traditional, accuragcy/method does not apply, uncertainty] of
mejasurement values are calculated and reported*along with the variables results obtained
dunling testing.

5 | Guidance on making uncertainty of measurement calculations including
examples of how to perform.the calculations

5.1 General principles

5.1.1 Clause 5 is meant {o,be a short and simplified summary of the steps to be taken by a
CBJTL when the need to estimate uncertainties arises. It also includes examples of how to
petfform the calculations:

5.1.2 It is by no;means a comprehensive paper about measurement uncertainty (MU),|its
soyrces and estimation in general, but is supposed to offer a practical approach for mlost
applicable circumstances within a CBTL in the IECEE CB Scheme.

5.1.3/,No measurement is perfect and the imperfections give rise to error of measurement in
thel result. Consequently, the result of a measurement is only an approximation to the
measured value (measurand) and is only complete when accompanied by a statement of the
uncertainty of that approximation. Indeed, because of measurement uncertainty, a true value
can never be known.

5.1.4 The total uncertainty of a measurement is a combination of a number of component
uncertainties. Even a single instrument reading may be influenced by several factors. Careful
consideration of each measurement involved in the test is required to identify and list all the
factors that contribute to the overall uncertainty. This is a very important step and requires a
good understanding of the measuring equipment, the principles and practice of the test and
the influence of environment.

5.1.5 The Guideto-the-expression-ofuncertainty-in-measurement{GUM) ISO/IEC GUIDE 98-

3:2008 has adopted the approach of grouping uncertainty components into two categories
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based on their method of evaluation: Type A and Type B. This categorization of the methods
of evaluation, rather than of the components themselves, avoids certain ambiguities.

5.1

.6 Type A evaluation is carried out by calculation from a series of repeated observations,

using statistical methods.

5.1

.7 Type B evaluation is carried out by means other than that used for Type A. For

example, by judgment based on-the-foellowing-table Table 3.

Table 3

Data in calibration certificates This enables corrections to be made and Type B

uncertainties to be assigned

Prgvious measurement data For example, history graphs can be constructed and

yield useful information about changes Wwith’time

Experience or general knowledge Behaviour and properties of similar,materials and

equipment

Acgepted values of constants Associated with materials and quantities

Malnufacturers' specifications

All|other relevant information

5.1.8 Individual uncertainties are evaluated by the appropriate method and each| is

expressed as a standard deviation and is referred to as a-standard uncertainty.

5.2 Summary of steps when estimating uncertainty

5.2.1 Identify the factors that—may can significantly influence the measured values and

review

thelir applicability. There are many possible’sources in practice, mainly including the following.

a) | Contribution from calibration of. thee measuring instruments, including contribution friom
reference or working standards.

b) |Temperature error at the beginning and end of a test (e.g. winding resistance method).

¢) |Uncertainty related to theloading applied and the measurement of it.

d) [Velocity of air flow over-the test sample and uncertainty in measuring it.

e) |For digital instruments, there are the number of displayed digits and the stability of the
display at the-~time the reading is taken. In addition, the reported uncertainty of|an
instrument does’not necessarily include the display.

f) [Instrumentiresolution, limits in graduation of a scale.

g) |Approximations and assumptions incorporated in the measurement method.

h) |Uncertainty due to the procedures used to prepare the sample for test and actually tes1ing
ity

i) If a computer is used to acquire the readings from the instrument, there is uncertainty
associated with the processing of the data due to calculations or other manipulations
within the computer such as analogue-to-digital conversions, and conversions between
floating point and integer numbers.

k) Rounded values of constants and other parameters used for calculations.

m) Effects of environmental conditions (e.g. variation in ambient temperature) or
measurement of these on the measurement.

NOTE 1 Negligible in case environmental conditions are stable (which is assumed and expected from a
CBTL).
n) Variability of the power supply source (voltage, current, frequency) the sample is

connected to and the uncertainty in measuring it.
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NOTE 2 Negligible in case stabilized supply sources are used (which is assumed and expected from a CBTL).

o) Personal bias in reading analogue instruments (e.g. parallax error or the number of

P)

significant figures that can be interpolated).

NOTE 3 Negligible in case of digital displays or in case of appropriate training (which is assumed
expected from a CBTL).

Variation between test samples and in case the samples are not fully representative.
Unless the IEC standard specifies tests on multiple samples, only one sample is tested.

NOTE 4 The variation between test samples is assumed to be negligible by CBTLs.

and
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surement result.

3 Determine the probability distribution

probability distribution of the measured quantity/describes the variation in probability
true value lying at any particular difference ffom the measured or assigned result. 1
m of the probability distribution will often not'\be known, and an assumption-has-te shall

then possible to calculate the standard uncertainty, U(x;), for the assigned form fr
ple expressions. The four main distributions of interest are

normal,
rectangular,
triangular, and
U-shaped.

.4 Normal distribution is assigned when the uncertainty is taken from, for example
bration certificate/report where the coverage factor, k, is stated. The standard uncertai
ound by dividing the stated uncertainty from the calibration certificate by its covera
tor k, which is k=2 for a level of confidence of approximately 95 % (recommended
TLs in-the IECEE CB Scheme). It-may-be-necessary is possible that k will need to-cenf
e confirmed with the calibration laboratory in case it is not stated on the certificate.
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Normal: u(x;) = %

where U is the expanded uncertainty stated on the certificate.

5.2.5 Rectangular distribution means that the probability density is constant within the
prescribed limits. A rectangular distribution should be assigned where a manufacturer's
specification limits are used as the uncertainty, unless there is a statement of confidence
associated with the specification, in which case a normal distribution can be assumed.

Rectangular: u(x;)=

&
J3

where a; is the half width of the rectangular distribution.
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5.2.6 U-shaped distribution is applicable to mismatch uncertainty. The value of the limit for
the mismatch uncertainty, M, associated with the power transfer at a junction is obtained from

100 (1£|Tg| [T )? =1 % or 201log,,(1%|Ts||T,|) dB (logarithmic units)

where T'q and I'| are the reflection coefficients for the source and load.

The mismatch uncertainty is asymmetric about the measured result; however, the difference
this makes to the total uncertainty is often insignificant, and it is acceptable to use the larger
of the two limits

U-ghaped distribution is used for-EMGC electromagnetic compatibility purposes but-also |for
climatic control of temperature and humidity.

U-shaped: u(x) =%

5.2.7 Triangular distribution means that the probability of the truedvalue lying at a pgint
between two prescribed limits increases uniformly from zero at the extremities to the
makimum at the centre. A triangular distribution should be assigned where the contribufiion
hag a distribution with defined limits and where the majority of (the values between the limits
lie pround the central point.

Triangular: u(x)= &

J6

5.2.8 A detailed approach to the determination_of probability distribution can be found in-the
Gujde-to-the-expression-of uncertainty-in-measutement{(GUM) ISO/IEC GUIDE 98-3:2008.

5.249 Correlation: For the statistical approach to the combination of individual uncertainty
contributions to be valid, it is assumed hat there-shall-be are no common factors associated
with these contributions.

5.2010 The effect of correlatedvinput quantities—may can be to increase or decrease the
combined standard uncertainty. For example, if the area of a rectangle is determined|by
mejasurement of its width and height using the same measuring implement the correlation will
incfease the uncertainty. On the other hand, if a gauge block were to be measured|by
comparison with another of identical material, the effect of uncertainty due to temperature will
depend on the difference in temperature between the two blocks and will therefore tend to
cancel.

5.2111 If the  correlation is such that the combined standard uncertainty is increased, the
mopt straightforward approach is to add the standard uncertainties for these quantities befpre
combjning the result statistically with other contributions.

5.2.12 If, however, the correlation is such that the combined standard uncertainty will be
decreased, as in the gauge-block comparison above, the difference in standard uncertainty
would be used as the input quantity.

5.2.13 A detailed approach to the treatment of correlated input quantities can be found in-the
GUM ISO/IEC GUIDE 98-3:2008.

5.2.14 Establish the uncertainty budget m,, containing the standard uncertainties of each
influencing factor (quantity) u(x;). Usually u(x;) will already represent the uncertainty
contribution u;(y) of each factor. A convenient way to do that is to write the identified and
potential contributing factors and their estimates into a table (see examples). The uncertainty
contribution u(m,) is calculated by the formula:
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u(mx)z\/(u1(y)2+u2(y)2+...+ui(y)2)

5.2.15 Calculate the expanded uncertainty U, considering your level of confidence.
The expanded uncertainty is calculated by multiplying the standard uncertainty with the
coverage factor k, which is k=2 for a level of confidence of approximately 95 %
(recommended for CBTLs in the IECEE CB Scheme), or k = 3 for approximately 99,7 % level
of confidence

u=kxu(m,)

5.2016 Report the result of the measurement comprising the measured value, the"associated
expanded uncertainty U and the coverage factor k.

EXAMPLE 10,5V = 0,4 V (coverage factor k = 2, for a level of confidence of approximately"95/%).

5.3 Simple example — Estimation of measurement uncertainty fotva temperature-ris¢
test with thermocouples

The following example has been chosen to demonstrate the basic method of evaluating the
ungertainty of measurement. It has been simplified in order(to provide transparency for the
regder and intended to be general guidance on how to proceed. The contributions and vallies
arg not intended to imply mandatory or preferred requirements. The input quantities pre
regarded as being not correlated.

a) |ldentification of significant influencing factors

See Table 4.
Table 4
Quantity Source of uncertainty Source of error quantity
X; s_(x;)
p i
O1¢ Uncertainty of thermocouple For example, from specifications
OuR Uncertainty of Hybrid recorder For example, from the calibration certificate fof
a calibration laboratory, including their inherjted
uncertainty and the listed coverage factor off
k=3
(SFixing Influence of fixing method of thermocouples |For example, from the laboratory's own
investigation campaign
0 ambient Uncertainty of ambient temperature For example, measured by a separate
measurement instrument, data taken from the manufacturdr's
specifications

b) |Relating influencing factors to the measured value

The relationship between the influencing factor and the measured value evaluated at the
point of measurement is known as the sensitivity coefficient. In this simple example, there
is a 1-to-1 relationship between the influencing factors and the measured value.
Therefore, the sensitivity coefficient is 1. For more complex relationships, the sensitivity
coefficient can take on other values. See Table 5.
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Table 5
Quantity Estimate Sensitivity Error quantity
X; X; coefficient s_(x)
p i
d1c -40 °C to +350 °C 1 0,5°C
Sur Worst case of calibrated items, e.g. -25 °C 1 1,8 °C
to +250 °C
(SFixing Worst case of investigated temperatures, 1 2,4 °C
e.g. 25 °C, 85 °C, 150 °C
O rrient Usually used in the vicinity of 25 °C 1 1.25°C
Uncertainty budget, m,
See Table 6.
Table 6
Quantity Estimate Error Probability Standard Sensitivity Uncertainty
X; X; quantity distribution | uncertainty /~coéfficient | contributipn
s, (x) u(x;) ui(y)
O1¢ -40 °C to 0,5°C Rectangular 0,29(°C 0,29 °C
+350 °C
SR -25°C to 1,8 °C Normal 046 °C 0,6 °C
+250 °C
IEixing 25 °C, 85 °C, 2,4 °C Normal 2,4 °C 2,4 °C
150 °C
S ambient - 1,25 °C Rectafigular 0,72 °C 0,72 °C
m, 25 °C to 150 °C - u(m,) =
2,63 °C
u(my)= (u12 +uf +us +)

J3 =1,73, 6 =2,45

Expanded uncertainty,\U
U=kxu(m,)=2x2,63°C=5,27 °C = approximately 5,3 °C
Reported resujt

The measured temperature rise is xx,x K+ 5,3 °C

The reported expanded uncertainty of measurement is stated as the standard uncerta
of measurement multiplied by the coverage factor kK = 2, which for a normal distribu

corfesponds to a coverage probability of approximately 95 %.

for
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Annex A
(informative)

Uncertainty of measurement calculations for product
conformity assessment testing — Examples 1 to 6

IECEE CTL WG 1 provides the following set of examples of calculations to illustrate the
application of uncertainty of measurement to conformity assessment activities carried out
under the IECEE CB Scheme.

Example 1 — Input test

Example 2 — Input power test

Example 3 — Leakage current measurement test
Example 4 — Distance measurement using calliper gauge
Example 5 — Torque measurement

Example 6 — Pre-conditioning for ball pressure test

The¢se examples have been simplified to illustrate various steps of ‘th€ process for performfing
ungertainty of measurement calculations.
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Result: uncertainty of input current expressed as a percentage of reading in amperes.

Description:

Input current to product is proportional to voltage applied.

Input current is measured to product connected to mains power source.

See Table A.1.
Table A.1 — Input test
Quan- Source of X; Type Relative Probability Distri- Relative Sensitivity Rlelative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
X; quantity, division uncer- (o cqgntribu-
Sp(X) factor, tainty, tign, u;(y)
k u(x;)
or Repeatability Xr A Normal 0,2 % 1 D,2 %
of
measurement
instr Spgcification Xinstr B 0,5 % Rectangular Jg 033% 1 D,3 %
for instrument
5reading Reading error reading B 0,3 % Rectangular E 0,17 % 1 9,17 %
(Spower Specification Xpower B 0,17 % Rectangular Jg 0,1 % 1 D,1 %
for power
mains
fluctuation
Relative combined standard uncertainty, u, 9,41 %
Coverage factor k = 2; confidence level: 95 % -
Relative expanded uncertainty, U = u_ x kg 9,81 %
Reported result — The measured input current is m, (1 £ 0,008 1) A, k= 2,95 % confidence
level.
OR repeatability of measurement — uncertainty due to repeatedly making the same
measurement — Type A with normal distribution
NOTE This fonnula is used to estimate the standard deviation of the sampling distribution of the mean (i.g4. to
estimate the'standard error of the mean). This estimate is represented by the symbol u, in the equation for Jp.
Oindtr specification for instrument — uncertainty due to instrument used for measurements.
Determined from specifications in instrument manual (MPE). Meter is 0,5 class. E:rror
is +0,5 %. Rectangular distribution, k = /3 .
u,=0,5/+3=03%
) reading of instrument — uncertainty due to technician reading the instrument. When

reading

testing meter is 0,5 A per graduation and 100 graduations, estimating reading error is
1/10 graduation. In the practice testing, reading value is 34,8 line. Rectangular

distribution, k = /3.
us = [(0,1)(0,5))/[(34,5)(0,5) +/3] x 100 = 0,17 %
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power mains fluctuation — uncertainty due to fluctuations in power mains voltage.

Uncertainty of the regulator is 0,2%. Rectangular distribution, k = NED Sensitivity
coefficient = 1.

up=02/+3=01%

power
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Example 2: Input power test
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Result: uncertainties expressed as a percentage of input power in watts.
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Description: input power is measured to product operating in stable condition while connected
to regulated mains power source. Input power is measured by analogue or digital power

meter.
See Table A.2.
Table A.2 — Input power test
Quan- Source of X, Type Relative Probability Distri- Relative Sensijtivity Relative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
X; quantity, division uncer- ¢ cqntribu-
Sp(Xi) factor, tainty, tign, u;(y)
k u(x;)
Or Rfepeatability XR A Normal 0,2% 1 D,2 %
o
measurement
Ginstr Spgcification Xinstr A 0,2 % Normal 2 0,1 % 1 D,1 %
for instrument
(Sreadmg Reading error Xreading B 0,45 % Rectangular ‘/5 0,26 % 1 4,26 %
(3power Specification Xpower B 0,35 % Rectangular E 0,2 % 1 3,20 %
for power
mains
fluctuation
Relative combined standard uncertainty, ug 9,40 %
Coverage factor kp = 2; confidence level: 95 % -
Relative expanded uncertainty, U = u_ x kp 9,80 %
Reported result — The measured-input power is m, (1 £ 0,008) W, k=2, 95 % confidence
level.
OR repeating error repeatability of measurement — uncertainty due to repeatgdly
making the same measurement — Type A with normal distribution
Oindtr specification for instrument — uncertainty due to instrument used for measyre-
ments. Determined from calibration laboratory report. Expanded uncertainty
reported is £0,2. Distribution is normal, k = 2.
Uy =0,22=01%
dreading reading of instrument — uncertainty due to technician reading instrument —
estimated.
Jpower specification of power mains fluctuation — uncertainty due to fluctuations in power

mains voltage.
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Example 3: Leakage current measurement test

Result: uncertainties of leakage current expressed in micro-amperes.

Description: leakage current is measured with product operating under normal working
conditions. Leakage current is measured directly by a leakage current meter. The measure-
ment is carried out under the following conditions.

a)

b)

Between any pole of the power source and metal parts that can be easily touched or the
metal foil on the insulating materials that can be easily touched, not exceeding 20 cm by

10 cm.

sted parts are:

Before and after humidity conditioning.

between the live parts and the shell with reinforced insulation.

between live parts and the enclosure isolated from the live part by only basic insulation;

Between any pole of the power source and the metal parts only using basic insulatior to
separate live parts of one stage apparatus.

Seg¢ Table A.3.
Table A.3 — Leakage current measiinrement test
Quan- Source of X, Type Error Probability Distri- Standard | Sensitivity | Ungertainty
tity uncertainty quantity, shapg bution uncer- coefficient, | cqntribu-
X; Sp(Xi) division tainty, C tion,
factor, u(X;) u,(y)
HA k HA pA
Or Rfepeatability Xr A Normal 1 1 1
o
measurement
Ginher Calibration of | X; ... A 15 nermal | Normal 3 5 normal 1 5|normal
instrument 18 after 6 after after
Sinstr Qu‘antum error | X o B 0,5 Rectangular ‘/5 0,3 1 0,3
of instrument
5range Range of range B 0,0 Rectangular \/g 0,0 1 0,0
measurement
(3temp Ambient Xtemp A 3,2 normal | Normal 3 1 normal 1 1|normal
temperature 3,7 after 1,2 after 112 after
fluctuation
(3humid“y Rela_ti\_/e Xhumidity B 3,7 Rectangular E 2 after 1 2|1 after
humidity
(Spower Specificatioq Xpower B 2 Rectangular ‘/5 1,2 1 1
ofpower mains
fluctGation
Combined standard uncertainty, u, 5,3 normal
6,6 after
Coverage factor kp = 2; confidence level: 95 % -
11 normal

Expanded uncertainty, U = u,_ x kp

13 after
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Reported result — The measured leakage current is 320 yA £ 11 pA and 370 pA + 13 pA after
humidity, kK = 2,95 % confidence level.

OR repeating error repeatability of measurement — uncertainty due to repeatedly
making the same measurement — Type A with a normal distribution:

=0n-1 = _—_— =
! " n(n-1)

Sinher calibration of instrument — leakage current of basic insulation is 320 pA under
aberatina conditican onAd 270 A i~ AAr bt did, A A AN Acecordina o h
operatng—econditen—and370pA—under—humidiy—condiiening—According—to—he
certificate of calibration, the system error of the measured instrument is-£5|%,
normal, k = 3.
uy = 0,05 x 320/3 = 5 A normal condition
up, = 0,056 x 370/3 = 6 pA humidity condition

Oindtr quantum error of instrument — uncertainty due to instrament used (for
measurements (MPE). When testing, used 2 mA measuringhtange, resolutior] is
0,001 mA, quantization error of instrument is in the same ptobability distribution in
the 0,001/2 mA range.

0,001/2
Uy =———"= mA =0,3 pA
Tk
NOTE MPE is the maximum permissible error given byfthe manufacturer.

Orahge range of measurement — can be ignored bgcause of its small value.
U4 =0

Stemp ambient temperature fluctuation — for each 10 °C in environmental temperatyre,
the variation of the indicated value is no more than +1,5 % when testing. fFor
common electronic and elegtro-mechanical and assembled apparatus, the
temperature should be kept 20-°C = 5 °C, we can consider that limit of variation of
the indicated value is £1 %:-Normal distribution: k = 3.
ug = (320 pA x 0,01)/3 =4,1 yA normal
ug = (370 pA x 0,01)/3 = 1,2 pA after

Opnymidity ~ relative humidity.=-when tested under normal operation , it can be ignored. During
humidity testing, the relative humidity should be kept 93 % + 2 % (RH). If it varies,
each 1 % ‘of ‘leakage current of basic insulation changes x1 %. Rectangdlar
distribution: k = /3.
ug =00 mormal
dg= (370 pA x 0,01)/4/3 =2,1 pA

Ipofwer power mains fluctuation — the u; reflects the influence of output power and
voltage. For the electric heating apparatus and microwave ov}n,
AP = (0,25 % x measuring range + 0,25 % x reading values) <10 W . Leakage

current variation does not go over 2 pA. Rectangular distribution: k = J3.

Uy =2 =12 pA

NG
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Example 4: Distance measurement using calliper gauge-{analeg)

Result: budget of uncertainty of distance for a calliper gauge (analogue).

Description: distance measurement is with a calliper gauge by an expert.

See Table A.4.
Table A.4 — Distance measurement using calliper gauge
Quan- Source of X, Type Error Probability Distri- Standard | Sensitivity [-Un¢ertainty
tity uncertainty quantity, shape bution uncer- coefficient, cgntribu-
X; Sp(Xi) division tainty, C tign, u;(y)
factor, u(X;)
k
Oinst Spgcification Xinst B 50 um Rectangular ‘/g 29 uym 1 PO um
for instrument
Jread Reading of X ead B 5 um Rectangular \/g 2,89 ym 1 2|89 pym
instrument
(e.g. because
of parallax)
(Stemp Ambient Xtemp B 0,1 ym |Rectangular 1/5 0,057 7 1 0,457 7 ym
temperature um
fluctuation
O calibr Calibration of | X_, ., B 0,5 ym |Rectangular 1/3_ 2,89 ym 1 1189 um
gauge
O abbe Canﬁng of Xabbe B 60 um Rectangular. 1/5 35 um 1 B5 pm
position of the
measuring
surface
Suser Difference in Xser B 100 ym |Rectangular ‘/g 60 uym 1 b0 um
contact
pressure by
user
Combined standard uncertainty, u_ 5 um
Coverage factor kD = 2; confidence level: 95 % -
Expanded uncertainty, U = u,_ x kD 150 pm

Reported result — The measured distance is m, ym + 150 ym, k = 2, 95 % confidence level.

the

as

Oindt MPE is the maximum permissible error given by the manufacturer. According to
technjcal information of the manufacturer, MPE = 0,05 mm.
Disttibution is rectangular, k = /3, u; = 0,05 mm/+/3 =29 pm.

Orehd reading error — depends on human influences and practical experience. Estimated
+0,005 mm.
Distribution is rectangular, k = V3, U, = 0,005 mm/~3 = 2,89 um.

dtemp  temperature error — because of the specific range of the calliper, influence of
temperature can be neglected.
Distribution is rectangular, k = /3, u3 = 0,000 1 mm/~/3 = 0,057 7 um.

dcalir  Calibration of gauge — according to calibration certificate.

Distribution is rectangular, k = /3, uy = 0,005 mm/+/3 = 2,89 pm.
dabbe  Canting — because of the position of the measuring surface.

Distribution is rectangular, k = /3, ug = 0,06 mm/+/3 =35 pm.
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user contact pressure — influence of user, depends on the practical experience of the
expert.

Distribution is rectangular, k = /3, ug =0,1 mm/+/3 =60 um.
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Example 5: Torque measurement

Result: uncertainty of torque measured.

— 27 —

Description: the complete measurement chain consists of a torque/speed sensor with

uncertainty contributions due to eccentricity,

internal

influence of measuring amplifier and plotting unit (computer).

friction (bearings),

repeatability,

See Table A.5.
Table A.5 — Torque measurement
Quan- Source of X, Type Relative | Probability Distri- Relative | Sensitivity Relative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
quantity, division uncer- C cqntribu-
Sp(Xi) factor, tainty, tion,
k u(x;) ui(y)
friction Internal friction chtion B 0,05 % Rectangular E 0,028 9 % 1 0,028 9 %
Measurement XMF,E B 0,1 % Rectangular E Q0577 % 1 0,057 7 %
amplifier
plotter Plotting unit Xplotter B 0,1 % Rectangular E 0,057 7 % 1 0,057 7 %
Ogccent Eccentricity of Xeccent B 0,1 % Rectangular Jg 0,057 7 % 1 0,057 7 %
axes
(Srepeat (I)Rfepeatability Xrepea‘ B 0,5 % Rectangular ‘/5 0,289 % 1 0289 %
measurement
Relative combined standard uncertainty, ug 0,030 7 %
Relative coverage factor k_ = 2; -
confidence level: 95 %
Relative expanded uncertainty, U = u_ x kp 9,61 %

Reported result — The measured torque is m, (1 £ 0,006 1) N-m, k=2, 95 % confidefice

interval.

5fri tion

OMPE

loss because of mechanical friction (clamping unit). Because of practical experienice,
this error is~estimated as +0,1 % of the final result. Estimation: average 0,05 % *
0,05 %.

Distribution is rectangular, k = /3, u; = 0,05 %/~/3 = 0,028 9 %.
standard measuring amplifier; MPE = 0,1 % (accuracy class I).

Distribution is rectangular, k = /3 , up, =0,1 %/3 =0,057 7 %.

ed

statistically by plotting unit (e.g. computers and specific measuring boards). Because
of practical experience, the error is assumed as £0,1 % of the final value.

Distribution is rectangular, k = /3, uz =0,1 %/\3 =0,057 7 %.

daxcent Jeccent D€Cause of misalignment of axes (eccentricity) there are superposed torques
(dynamic and static rates of torque) which lead to additional losses. Because of

practical experience, the error is assumed as 10,1 % of the final value.

Distribution is rectangular, k = /3, uy =0,1 %/\3 =0,057 7 %.

0

repeat

because of non-identical settings of the measuring device and clamping situation

(often because of high/lower experienced staff), there are repeatability errors.
Because of practical experience, the error is assumed as 0,5 % of the final value.

Distribution is rectangular, k = /3, us =0,5 %/\3 =0,289 %.
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Result variable: uncertainty of temperature of test sample.

Description: influence by possible factors: set point of the heater, reading accuracy, spatial
temperature gradient based on the thermal isolation of the heater, influence of the two-stage
heater control, thermal/temporal inertia of the system, surface/volume ratio of the test
specimen (the smaller the ratio, the greater the thermal inertia), uncertainty of thermocouple.

SegTatte A
Table A.6 — Pre-conditioning for ball pressure test
Quan- Source of X; Type Error Probability Distri- Standard | Sensitivity Unceu'tainty
tity uncertainty quantity, shape bution uncer- coefficient, | congribu-
X; Sp(Xi) division tainty, (of tion} u;(y)
factor, u(x;)
k
oTx Spatial XTg B 0,1 °C |Rectangular J3 0,057 7,°C 1 0,05 7 °C
temperature
gradient and
fluctuation
Oindic fRough scale X ndic B 0,5 °C Rectangular 1/5 0,289 °C 1 0,289 °C
or
temperature
set
0T ontr Funqtion of XT ontr B 1°C Rectangular 1/5 0,577 °C 1 0,5Y7 °C
heating control
ORec Influence of Xrec B 1,5°C Rectangular 1/5 0,866 °C 1 0,866 °C
recorder
0Tr. || Transition of XTr o B 0,25 °C *\Rectangular 1/5 0,144 °C 1 0,144 °C
resistance
Oref Calibration of Xref B 0,1,¢C Rectangular ‘/g 0,057 7 °C 1 0,05ff 7 °C
reference
thermocouple
Combined standard uncertainty, u, 1,093 °C
Coverage factor kp = 2; confidence level: 95 % —
Expanded uncertainty, U = ug, kp 2, °C

Reported result*— The measured temperature is 70,6 °C £ 2,2 °C, k=2, 95 % confidence

interval.

TiNvp, ( constant value: 75 °C; temperature set with control dial.

Tr constant value: 4,4 °C; according to the manufacturer’'s specification, the spatial
temperature gradient is £2 % of maximum temperature (220 °C). Practical experience
shows that this value can be divided into one systematic and one random failure.
Extreme estimate for systematic fluctuation: due to thermal loss, there is a spatial
temperature difference of -4,4 °C.

OR extreme estimate for random fluctuation: the mean values fluctuate at intervals
(0,08; -0,03). An approximate spatial temperature fluctuation of +0,1 °C can be
specified.

Distribution is rectangular, k = /3, u; = 0,1 °C/+/3 = 0,057 7 °C.
dindic  due to the rough scale, the temperature of the warming cabinet can only be set with

a tolerance of £0,5 °C (estimated value).

Distribution is rectangular, k = /3, u, = 0,5 °C/+/3 = 0,289 °C.
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distribution is rectangular, k = /3, u3 = 1,0 °C/+/3 = 0,577 °C.

5contr

dseer ORec summarized all impacts on uncertainty of the recorder.

Distribution is rectangular, k = /3, u, = 1,5 °C//3 = 0,866 °C.

oTr..s estimated impact of transition of resistance based on practical experience.
Distribution is rectangular, k = /3, ug = 0,25 °C//3 =0,144 °C.
Oref estimated impact of reference element (PT100 based on practical experience).

Distribution is rectangular, k = /3 , u. = 0,1 °C/+/3 = 0,057 7 °C.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

APPLICATION OF UNCERTAINTY OF MEASUREMENT
TO CONFORMITY ASSESSMENT ACTIVITIES
IN THE ELECTROTECHNICAL SECTOR
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘¢ompri
bll national electrotechnical committees (IEC National Committees). The object of IEC _is\to pron
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter srefefred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory work. International,"governmental and
povernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance withvconditions determined
hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, a§ nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical gommittee has representation fromj
nterested IEC National Committees.

EC Publications have the form of recommendations for international”use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madé\to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in theit: national and regional publications. Any diverge
between any IEC Publication and the corresponding ‘hational or regional publication shall be clearly indicate
he latter.

EC itself does not provide any attestation of cenformity. Independent certification bodies provide confor
hssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC orits directors, employees, servants or agents including individual experts
members of its technical commitfees and IEC National Committees for any personal injury, property damag
bther damage of any nature” whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of the-publication, use of, or reliance upon, this IEC Publication or any other
Publications.
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Attention is drawn tg the Normative references cited in this publication. Use of the referenced publicationfs is

ndispensable for the, correct application of this publication.

Attention is drawn’to the possibility that some of the elements of this IEC Publication may be the subjed
batent rights” IEC shall not be held responsible for identifying any or all such patent rights.

s seecond edition of IEC Guide 115 has been prepared, in accordance W
D/IEC _Directives, Part 1, Annex A, by IECEE/CTL. This is a non-mandatory guide
ordance with SMB Decision 136/8.

t of

ith
in

Thi

s second edition cancels and replaces the first edition published in 2007.

The main changes with respect to the previous edition are as follows:

a)

editorial alignment to ISO/IEC 17025:2017 without adapting the technical content;

b) references to ISO/IEC 17025:2005 and ISO/IEC 17025:2017 in order to help for the

transition to the new edition of ISO/IEC 17025.
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The text of this IEC Guide is based on the following documents:

Four months' vote Report on voting

SMBNC/8/DV SMBNC/14/RV

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

The language used for the development of this Guide is English.

This publication has been drafted in accordance with the ISO/IEC Directives, Part. 2, {nd
devVeloped in accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC
Supplement, available at www.iec.ch/members_experts/refdocs. The main document types
deyeloped by IEC are described in greater detail at www.iec.ch/standardsdev/publications.
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INTRODUCTION

This document has been prepared by the IECEE Committee of Testing Laboratories (CTL) to
provide guidance on the practical application of the measurement uncertainty requirements of
ISO/IEC 17025 to the electrical safety testing conducted within the IECEE CB Scheme.

The IECEE CB Scheme is a multilateral, international agreement, among over 40 countries
and some 60 national certification bodies, for the acceptance of test reports on electrical
products tested to IEC standards.

Th

aim of the CTL is, among other tasks, to define a common understanding of the
methodology with regard to the IEC standards as well as to ensure and continually~mpr

i?st
ve

the| repeatability and reproducibility of test results among the member laboratories.

The practical approach to measurement uncertainty outlined in this document has bgen

adopted for use in the IECEE Schemes, and is also extensively used aréund the world|by

tesfing laboratories engaged in testing electrical products to national safety standards.

This document is of particular interest to the following IEC technical committees, which ¢an

deg¢ide to make use of it if necessary:

TECHNICAL COMMITTEE 13: ELECTRICAL ENERGY MEASUREMENT AND CONTROL

TECHNICAL COMMITTEE 17: HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

TECHNICAL COMMITTEE 18: ELECTRICAL INSTAELLATIONS OF SHIPS AND OF MOBJLE
AND FIXED OFFSHORE UNITS

TECHNICAL COMMITTEE 20: ELECTRIC CABLES

TECHNICAL COMMITTEE 21: SECONDARY-CELLS AND BATTERIES

TECHNICAL COMMITTEE 22: POWER ECECTRONIC SYSTEMS AND EQUIPMENT

TECHNICAL COMMITTEE 23: ELECTRICAL ACCESSORIES

TECHNICAL COMMITTEE 32: FUSES

TECHNICAL COMMITTEE 33: , POWER CAPACITORS AND THEIR APPLICATIONS

TECHNICAL COMMITTEE 34’ LIGHTING

TECHNICAL COMMITTEE35: PRIMARY CELLS AND BATTERIES

TECHNICAL COMMITTEE 38: INSTRUMENT TRANSFORMERS

TECHNICAL COMMITTEE 40: CAPACITORS AND RESISTORS FOR ELECTRONIC
EQUIPMENT

TECHNICAECOMMITTEE 47: SEMICONDUCTOR DEVICES

TECHNICAL COMMITTEE 59: PERFORMANCE OF HOUSEHOLD AND SIMIUAR
ELECTRICAL APPLIANCES

TEEHNECACOMMWITEE64+—SAFETY-—OF—HOUSEFHOIEB—AND—SHAHHEAR—FEEECTRIGAL
APPLIANCES

TECHNICAL COMMITTEE 62: ELECTRICAL EQUIPMENT IN MEDICAL PRACTICE

TECHNICAL COMMITTEE 64: ELECTRICAL INSTALLATIONS AND PROTECTION
AGAINST ELECTRIC SHOCK

TECHNICAL COMMITTEE 65: INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND
AUTOMATION

TECHNICAL COMMITTEE 66: SAFETY OF MEASURING, CONTROL AND LABORATORY

TECHNICAL COMMITTEE 76:
TECHNICAL COMMITTEE 77:

EQUIPMENT
OPTICAL RADIATION SAFETY AND LASER EQUIPMENT
ELECTROMAGNETIC COMPATIBILITY
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TECHNICAL COMMITTEE 78: LIVE WORKING

TECHNICAL COMMITTEE 80: MARITIME NAVIGATION AND RADIOCOMMUNICATION
EQUIPMENT AND SYSTEMS

TECHNICAL COMMITTEE 82: SOLAR PHOTOVOLTAIC ENERGY SYSTEMS
TECHNICAL COMMITTEE 110: ELECTRONIC DISPLAYS
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APPLICATION OF UNCERTAINTY OF MEASUREMENT
TO CONFORMITY ASSESSMENT ACTIVITIES
IN THE ELECTROTECHNICAL SECTOR

Uide preser 3 pra approach to the app ON Of UNCertainty of measuremer

conformity assessment activities in the electrotechnical sector. It is specifically concejved|for

to

usg¢ in IECEE Schemes as well as by testing laboratories engaged in testing €lectrical

prgducts to national safety standards. It describes the application of uncertainty
asurement principles and provides guidance on making uncertainty of measuremfnt

The following documents are referred to in the text in such a‘way that some or all of t
content constitutes requirements of this document. For dated references, only the editli
cited applies. For undated references, the latest edition of thie’referenced document (includ
any amendments) applies.

ISQ/IEC 17025, General requirements for the~ecompetence of testing and calibrat
labpratories

3 | Terms and definitions

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

ISQ and IEC maintain terminological databases for use in standardization at the followj
addresses:

3.1
coy

nummber that) when multiplied by the combined standard uncertainty, produces an intef

(th
al

culations. It also gives some examples relating to uncertainty of measurement calculati
product conformity assessment testing.

Normative references

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

ISO Online browsing platform: available at http://www.iso.org/obp

yerage factor

att

b expanded uncertainty) about the measurement result that can be expected to encomp{

ibuted to the measurand

3.2

combined standard uncertainty

res

3.3
err
res

Note 1 to entry:

ult of the combination of standard uncertainty components

or of measurement
ult of a measurement minus a true value of the measurand

unknown within the range of measurement uncertainty.

of

ns

eir
on
ng

jon

ng

val

SS

brge-specified fraction (e.g. 95 %) of the distribution of values that could be reasongbly

The error of measurement is not precisely quantifiable because the true value lies somewhere


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=62e46634282010cb5aa2c427b67080f5

-8 - IEC GUIDE 115:2021 © IEC 2021

3.4
expanded uncertainty
value obtained by multiplying the combined standard uncertainty by a coverage factor

3.5
level of confidence
probability that the value of the measurand lies within the quoted range of uncertainty

3.6
measurand

durling the measurement itself

[SOURCE: IEC 60359:2001, 3.1.1, modified — The NOTES have been deleted.]

3.7
quantity X;
soyrce of uncertainty

3.8
standard deviation
positive square root of the variance

3.9
standard uncertainty
estyimated standard deviation

3.10
ungertainty of measurement
paflameter, associated with the result of a(tmeasurement, that characterizes the dispersior
the| values that could reasonably be attributed to the measurand

[SOURCE: IEC 60359:2001, 3.1.4,.modified — The NOTES have been deleted.]

3.111
Type A evaluation method
method of evaluation of uncertainty of measurement by the statistical analysis of a serieq
obgervations

3.1

Type B evaluation method

method of( evaluation of uncertainty of measurement by means other than the statist
analysis.of*a series of observations

qujntlty subjected to measurement, evaluated in the state assumed by the measured system

4 TApplication of uncertainty of measurement principles

4.1 General

of

of

cal

4.1.1 Qualification and acceptance of Certification Body Testing Laboratories (CBTLs), e.g.

in the IECEE, are performed according to ISO/IEC 17025.
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ISO/IEC 17025:2005, 5.4.6.2

"Testing laboratories shall have and apply procedures for estimating uncertainty of measure-
ment. In certain cases, the nature of the test method may preclude rigourous, metrologically
and statistically valid, calculation of uncertainty of measurement. In these cases the
laboratory shall at least attempt to identify all the components of uncertainty and make a
reasonable estimation, and shall ensure that the form of reporting of the result does not give a
wrong impression of the uncertainty. Reasonable estimation shall be based on knowledge of
the performance of the method and on the measurement scope and shall make use of, for
example, previous experience and validation data.

NOTE 1 The degree of rigour needed in an estimation of uncertainty of measurement depends on factors such|as:
— fhe requirements of the test method;

— fhe requirements of the client;

— [he existence of narrow limits on which decisions on conformance to a specification are based!
NOTE 2 In those cases where a well-recognized test method specifies limits to the values of'the major sourcejs of

uncprtainty of measurement and specifies the form of presentation of calculated results, the laboratory is
congidered to have satisfied this clause by following the test method and reporting instructions (see 5.10)."

ISQ/IEC 17025:2017, 7.6
"7.6 Evaluation of measurement uncertainty

7.6.1 Laboratories shall identify the contributions™ to measurement uncertainty. When
evaluating measurement uncertainty, all contributions that are of significance, including th¢se
ariging from sampling, shall be taken into account.using appropriate methods of analysis.

7.6.2 A laboratory performing calibrationsy\including of its own equipment, shall evaluate the
mefsurement uncertainty for all calibrations.

7.6.3 A laboratory performing testing shall evaluate measurement uncertainty. Where fhe
tesf method precludes rigorous évaluation of measurement uncertainty, an estimation shall|be
majde based on an understanding of the theoretical principles or practical experience of the
penformance of the method:

NOTE 1 In those cases where a well-recognized test method specifies limits to the values of the major sourceps of
megsurement uncertainty‘yand specifies the form of presentation of the calculated results, the laboratory is
congidered to have satisfied 7.6.3 by following the test method and reporting instructions.

NOTE 2 For a-particular method where the measurement uncertainty of the results has been established jand
verified, there-is{no need to evaluate measurement uncertainty for each result if the laboratory can demonstfate
thafl the identified critical influencing factors are under control."

4.1.2 TSOJTET 1702572005, 5.70.3.T C) states:

"c) where applicable, a statement on the estimated uncertainty of measurement; information
on uncertainty is needed in test reports, when it is relevant to the validity or application of
the test results, when a customer’s instruction so requires, or when the uncertainty affects
compliance to a specification limit;".

ISO/IEC17025:2017, 7.8.3.1 ¢) states:

"c) where applicable, the measurement uncertainty presented in the same unit as that of the
measurand or in a term relative to the measurand (e.g. percent) when:
— it is relevant to the validity or application of the test results;

— a customer's instruction so requires, or
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— the measurement uncertainty affects conformity to a specification limit;".

4.1.3 ISO/IEC 17025 was written as a general use document, for all industries. Uncertainty
of measurement principles are applied to laboratory testing and presentation of test results to
provide a degree of assurance that decisions made about conformance of the products tested
according to the relevant requirements are valid. Procedures and techniques for uncertainty of
measurement calculations are well established. This document is written to provide more
specific guidance on the application of uncertainty of measurement principles to reporting of
testing results under the CB Scheme.

me@gsurement calculations and mcIudes examples.

4.2 Uncertainty of measurement principles

A c¢hallenge to applying uncertainty of measurement principles to conformity assessmgnt

actjvities is managing the cost, time and practical aspects of determining* the relationships

between various sources of uncertainty. Some relationships are either«{unknown or would t}ke
i

cornjsiderable effort, time and cost to establish. There are a numbey of proven techniqlies
avgilable to address this challenge. These techniques include eliminating from considerafion
those sources of variability which have little influence on thé outcome and minimizing
sighificant sources of variability by controlling them.

4.3 Background

4.3l11 Test methods used under the IECEE CB Scheme are in essence consensus standards.
Criferia used to determine conformance with_requirements are most often based on a
consensus of judgment of what the limits of thestest result should be. Exceeding the limit by a
smpll amount does not result in an imminent_hazard. Test methods used can have a precisfon
stafement expressing the maximum permissible uncertainty expected to be achieved when the
method is used. Historically, test laboratories have used state-of-the-art equipment and phot
conpsidered uncertainty of measurement when comparing results to limits. Safety standafds
haye been developed in this environment and the limits in the standards reflect this practicg.

4.3.12 Test parameters that-\influence the results of tests can be numerous. Nominal
varjations in some test parameters have little effect on the uncertainty of the measurement
resjult. Variations in other‘parameters can have an effect. However, the degree of influence
can be minimized by limiting the variability of the parameter when performing the test.

433 A frequentiway of accounting for the effects of test parameters on test results ig to
defline the acceptable limits of varlab|I|ty of test parameters When this is done, any variabllity
in i

cof

dlstortlon maximum 3 %,

b) ambient temperature: 23 °C + 2 °C;

c) relative humidity: 93 % + 2 % (RH);

d) personnel: documented technical competency requirements for the test;

e) procedures: documented laboratory procedures;

f) equipment accuracy: instrumentation with accuracy according to CTL OD-5014.

NOTE The acceptable limits in items a) through c) are given as examples and do not necessarily represent actual
limits established.
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4.3.4 The end result of controlling sources of variability within prescribed limits is that the
measurement result can be used as the best estimate of the measurand. In effect, the
uncertainty of measurement about the measured result is negligible with regard to the final
pass/fail decision.

4.4 Uncertainty of measurement principles — Application of procedures

4.4.1 When a test results in measurement of a variable, there is uncertainty associated with
the test result obtained.

u

defined acceptable limit. The measurement complies with the requirement if the prebability of
its peing within the limit is at least 50 %.

Sh
©
>
©
o
s I _
w
® o
=
o
— _ [ I Limit
. Fail
o
Fail
Pass o
Pass Measurement result

Upper limit of uncertainty —--—-- —

Lower limit of uncertainty - —-—-

=3

Measuremeh
IEC

Figure 1 — Procedure 1: uncertainty of measurement calculated

.3 Procedure 2, see Figure 2, is used when ISO/IEC 17025:2017, 7.6.3, Note 2, applies.
ceddre 2 is the traditional method used under the CB Scheme and has been referred to| as
e test performed is routine. Sources of uncertainty are minimized
SO § / Re—easufrehen BAvACACEm LS. pe—tarctratet o—aetefrihre—eorrormatce
with the limit. Variability in test parameters is within acceptable limits. Test parameters such
as power source voltage, ambient temperature and ambient humidity are maintained within
the defined acceptable limits for the test. Personnel training and laboratory procedures
minimize uncertainty of measurement due to human factors. Instrumentation used has an
uncertainty within prescribed limits.

NOTE The name, accuracy method, comes from the concept of limiting uncertainty due to instrumentation by
using instruments within prescribed accuracy limits. For this purpose, the accuracy specification for an instrument
is considered the maximum uncertainty of measurement attributable to the instrument.
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Limit

4.44 The measurement result is considered .in¥conformance with the requirement if i
nin the prescribed limit. It is not necessary, to calculate the uncertainty associated with

wit
me

Pass

Fail

Pass

Measurement reSult ©

asurement result.

4.4.5 Example — Procedure 2

a) Method

Power supply output voltage measurement test

Figure 2 — Procedure 2: acecuracy method

Use meters-having an accuracy conforming to CTL OD-5014.

Measurement

Connect the power“supply to a mains source of rated voltage, 2 %, and ra
frequency. Measure-output voltage from power supply while loaded to rated currgnt,
+2 %, with a ndén-inductive resistive load. The test is to be performed in an ambi
temperature 0f\23 °C + 2 °C.

IEC

is

the

ted

ent

The power supply conforms to the requirements if the output voltage is 5 % of rated
value.
b) Results
Power supply rating: 240 V, 50 Hz input; 5 V d.c., 2 A output. See Table 1.
Table 1
Input Output

U Frequency 1 U

\Y Hz A \%

242 50 2,01 5,1

Test ambient temperature: 24 °C.

The accuracy of the instruments used is shown in Table 2.



https://iecnorm.com/api/?name=62e46634282010cb5aa2c427b67080f5

IEC GUIDE 115:2021 © |IEC 2021 -13 -

Table 2
Meter Calibrated accuracy for scale CTL decision 251A, max.
used for measurement
Thermometer +1,0 °C +2,0 °C
Voltmeter 10,5 % 1,5 %
Frequency meter 10,2 % 10,2 %
Current meter +0,5 % 1,5 %

The¢ conclusion of the test is that the power supply conforms to the requirement.

Conclusion

.1 The traditional approach to addressing uncertainty of measurement ifor confornity

formance with the requirement. This method conforms (to/ the requirements| in
/[IEC 17025. The accuracy method takes less time and cests less to implement than
iled uncertainty of measurement calculations and the conclusions reached are valid with
ard to the final pass/fail decision.

4.5.2 In situations where the traditional, accuracy méthod does not apply, uncertainty] of
mejasurement values are calculated and reported ,along with the variables results obtained
ing testing.

5 | Guidance on making uncertainty of measurement calculations including
examples of how to perform the*calculations

5.1 General principles

5.1.1 Clause 5 is meant to be a“short and simplified summary of the steps to be taken by a
CB[TL when the need to estitmate uncertainties arises. It also includes examples of how to
pefnform the calculations.

5.1.2 It is by no means a comprehensive paper about measurement uncertainty (MU),|its
soyrces and estimation in general, but is supposed to offer a practical approach for mlost
applicable circumstances within a CBTL in the IECEE CB Scheme.

5.1.3 No.measurement is perfect and the imperfections give rise to error of measurement in
the| result.” Consequently, the result of a measurement is only an approximation to fthe

can never be known.

5.1.4 The total uncertainty of a measurement is a combination of a number of component
uncertainties. Even a single instrument reading may be influenced by several factors. Careful
consideration of each measurement involved in the test is required to identify and list all the
factors that contribute to the overall uncertainty. This is a very important step and requires a
good understanding of the measuring equipment, the principles and practice of the test and
the influence of environment.

5.1.5 ISO/IEC GUIDE 98-3:2008 has adopted the approach of grouping uncertainty
components into two categories based on their method of evaluation: Type A and Type B.
This categorization of the methods of evaluation, rather than of the components themselves,
avoids certain ambiguities.
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.6 Type A evaluation is carried out by calculation from a series of repeated observations,

using statistical methods.

5.1

.7 Type B evaluation is carried out by means other than that used for Type A. For

example, by judgment based on Table 3.

Table 3

Data in calibration certificates This enables corrections to be made and Type B

uncertainties to be assigned

Prdg

vious measurement data For example, history graphs can be constructed and
yield useful information about changes with time

Ex

berience or general knowledge Behaviour and properties of similar materials @and
equipment

Cepted values of constants Associated with materials and quantities

nufacturers' specifications

other relevant information

5.1
ex(

5.2

5.2

the

a)

b)
c)
d)
e)

g)
h)

.8 Individual uncertainties are evaluated by the appropriate” method and each| is
ressed as a standard deviation and is referred to as a standard,uncertainty.

Summary of steps when estimating uncertainty

1 Identify the factors that can significantly influenee the measured values and revilew
g.

=J

ir applicability. There are many possible sources<n,practice, mainly including the followi
Contribution from calibration of the measuting instruments, including contribution from
reference or working standards.

Temperature error at the beginning and’end of a test (e.g. winding resistance method).
Uncertainty related to the loading applied and the measurement of it.

Velocity of air flow over the test-sample and uncertainty in measuring it.

For digital instruments, theré.are the number of displayed digits and the stability of the
display at the time the reading is taken. In addition, the reported uncertainty of|an
instrument does not necessarily include the display.

Instrument resolutian, limits in graduation of a scale.

Approximations @nd assumptions incorporated in the measurement method.
Uncertainty due‘to the procedures used to prepare the sample for test and actually testing
it.
If a cofmputer is used to acquire the readings from the instrument, there is uncertainty
asspciated with the processing of the data due to calculations or other manipulatipns

within' the computer such as analogue-to-digital conversions, and conversions betwgen
fleating point and integer numbers. T

Rounded values of constants and other parameters used for calculations.

Effects of environmental conditions (e.g. variation in ambient temperature) or
measurement of these on the measurement.

NOTE 1 Negligible in case environmental conditions are stable (which is assumed and expected from a
CBTL).

Variability of the power supply source (voltage, current, frequency) the sample is
connected to and the uncertainty in measuring it.

NOTE 2 Negligible in case stabilized supply sources are used (which is assumed and expected from a CBTL).
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m) Personal bias in reading analogue instruments (e.g. parallax error or the number of

significant figures that can be interpolated).

NOTE 3 Negligible in case of digital displays or in case of appropriate training (which is assumed
expected from a CBTL).

Variation between test samples and in case the samples are not fully representative.
Unless the IEC standard specifies tests on multiple samples, only one sample is tested.

NOTE 4 The variation between test samples is assumed to be negligible by CBTLs.

and

NOTE 5 This list does not state all of the items that can contribute to MU. It is possible that other factors will need

to

identified and considered by each individual laboratory.

5.2.2 Transform influencing factors x, to the unit of the measured value (quantify), for which

yoy are going to estimate the uncertainty, if not already given in that unit (e.g. if the unit of
mefpsured value is the volt (V) and a resistor's tolerance in ohms (Q) is one of<the influenc
factors, transform the change of resistance to the resulting contribution in volts):

the
ing

Once the uncertainty contributions associated with a measurement process have bgen

ide|
un(

5.2

Thy
the
for
bas
the
exy

5.2
cal
is

fac
CB
cal

tified and quantified, a combination of them in some manner pfoyides a single valusg
ertainty that can be associated with the measurement result.

.3 Determine the probability distribution

e probability distribution of the measured quantity deseribes the variation in probability
true value lying at any particular difference from’,the measured or assigned result. 1

ed on prior knowledge or theory, that it approximates to one of the common forms. |
n possible to calculate the standard uncertainty, U(x;), for the assigned form from sim
ressions. The four main distributions of interest are

normal,
rectangular,

triangular, and
U-shaped.

.4 Normal distribution is assigned when the uncertainty is taken from, for example
bration certificate/report where the coverage factor, k, is stated. The standard uncertai
ound by dividing_the stated uncertainty from the calibration certificate by its covera
tor k, which js\k = 2 for a level of confidence of approximately 95 % (recommended
TLs in the tECEE CB Scheme). It is possible that k will need to be confirmed with
bration laboratory in case it is not stated on the certificate.

of

of
'he

m of the probability distribution will often not be known, and an assumption shall be mafe,

is
ple

, a
nty
ge
for
the

Normal: u(x;) = %

where U is the expanded uncertainty stated on the certificate.

5.2.5 Rectangular distribution means that the probability density is constant within the
prescribed limits. A rectangular distribution should be assigned where a manufacturer's
specification limits are used as the uncertainty, unless there is a statement of confidence
associated with the specification, in which case a normal distribution can be assumed.

Rectangular: u(x,) .

V3

where a; is the half width of the rectangular distribution.
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5.2.6 U-shaped distribution is applicable to mismatch uncertainty. The value of the limit for
the mismatch uncertainty, M, associated with the power transfer at a junction is obtained from

100 (1£]Tg| [T * -1 % or 20log,,(1£|Ts||r ) dB (logarithmic units)

where I'q and I'| are the reflection coefficients for the source and load.

The mismatch uncertainty is asymmetric about the measured result; however, the difference
this makes to the total uncertainty is often insignificant, and it is acceptable to use the larger
of the two limits

U-ghaped distribution is used for electromagnetic compatibility purposes but also faoryclimatic
control of temperature and humidity.

U-shaped: u(x,) =M

2

5.2.7 Triangular distribution means that the probability of the true{value lying at a pgint
between two prescribed limits increases uniformly from zero at _the extremities to fthe
makimum at the centre. A triangular distribution should be assigned where the contribufion
hag a distribution with defined limits and where the majority of (the values between the limits
lie pround the central point.

Triangular: u(x;) = &

J6

5.2.8 A detailed approach to the determination*of probability distribution can be found in
ISQ/IEC GUIDE 98-3:2008.

5.249 Correlation: For the statistical approach to the combination of individual uncertainty
contributions to be valid, it is assumed: that there are no common factors associated With
thelse contributions.

5.2010 The effect of correlated input quantities can be to increase or decrease the combined
staphdard uncertainty. For exafple, if the area of a rectangle is determined by measuremen} of
its [width and height using the same measuring implement the correlation will increase the
ungertainty. On the other, hand, if a gauge block were to be measured by comparison with
ther of identical material, the effect of uncertainty due to temperature will depend on fthe
rence in temperature between the two blocks and will therefore tend to cancel.

.11 If the)correlation is such that the combined standard uncertainty is increased, the
mopt straightforward approach is to add the standard uncertainties for these quantities befpre
combining-the result statistically with other contributions.

5. ion | i i illlbe
decreased, as in the gauge-block comparison above, the difference in standard uncertainty
would be used as the input quantity.

5.2.13 A detailed approach to the treatment of correlated input quantities can be found in
ISO/IEC GUIDE 98-3:2008.

5.2.14 Establish the uncertainty budget m,, containing the standard uncertainties of each
influencing factor (quantity) u(x;). Usually u(x;) will already represent the uncertainty
contribution u;(y) of each factor. A convenient way to do that is to write the identified and
potential contributing factors and their estimates into a table (see examples). The uncertainty
contribution u(m,) is calculated by the formula:
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u(mx):\/(u1(y)2+u2(y)2+...+ui (y)z)

5.2.15 Calculate the expanded uncertainty U, considering your level of confidence.
The expanded uncertainty is calculated by multiplying the standard uncertainty with the
coverage factor k, which is k=2 for a level of confidence of approximately 95 %
(recommended for CBTLs in the IECEE CB Scheme), or k = 3 for approximately 99,7 % level
of confidence.

u=kxu(m,)

5.2016 Report the result of the measurement comprising the measured value, the associated
expanded uncertainty U and the coverage factor k.

EXAMPLE 10,5V = 0,4 V (coverage factor k = 2, for a level of confidence of approximately 95 %).

5.3 Simple example — Estimation of measurement uncertainty for a temperature-ris¢
test with thermocouples

The¢ following example has been chosen to demonstrate the basic method of evaluating fhe
ungertainty of measurement. It has been simplified in order to provide transparency for the
regder and intended to be general guidance on how to proceed. The contributions and vallies
arg not intended to imply mandatory or preferred requiremenis. The input quantities pre
regarded as being not correlated.

a) |ldentification of significant influencing factors

See Table 4.
Table 4
Quantity Source of uncertainty Source of error quantity
X; s_(x;)
p i
O1¢ Uncertainty of thermocouple For example, from specifications
Sur Uncertainty of hybrid recorder For example, from the calibration certificate [of
a calibration laboratory, including their inherjted
uncertainty and the listed coverage factor off
k=3
(SFixing Influence of fixing method of thermocouples |For example, from the laboratory's own
investigation campaign
S ambient Uncecrtainty of ambient temperature For example, measured by a separate
measurement instrument, data taken from the manufacturgr's
specifications

b) |Relating_influencing factors to the measured value

The relationship between the influencing factor and the measured value evaluated at the
point of measurement is known as the sensitivity coefficient. In this simple example, there
S a t-to-1 FEIaIIOHSHIp petweel e |nnuenC|ng TaClors ana e measuarea vaiue.
Therefore, the sensitivity coefficient is 1. For more complex relationships, the sensitivity
coefficient can take on other values. See Table 5.
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Table 5
Quantity Estimate Sensitivity Error quantity
X; X; coefficient s_(x)
p i
dre -40 °C to +350 °C 1 0,5°C
Sur Worst case of calibrated items, e.g. -25 °C 1 1,8 °C
to +250 °C
(SFixing Worst case of investigated temperatures, 1 2,4 °C
e.g. 25 °C, 85 °C, 150 °C
O rrient Usually used in the vicinity of 25 °C 1 1.25°C
Uncertainty budget, m,
See Table 6.
Table 6
Quantity Estimate Error Probability Standard Sensitivity Uncertainty
X; X; quantity distribution | uncertainty /~coéfficient | contributipn
s, (x;) u(x;) u;(y)
O1¢ -40 °C to 0,5°C Rectangular 0,29(°C 1 0,29 °C
+350 °C
Our -25°C to 1,8 °C Normal 0,6 °C 1 0,6 °C
+250 °C
IFixing 25 °C, 85 °C, 2,4°C Normal 2,4°C 1 2,4°C
150 °C
S ambient - 1,25 °C Rectafigular 0,72 °C 1 0,72 °C
m, 25 °C to 150 °C - u(m.) =
2,63 °C
u(m,)= (u12 U+ Ul +)
V3 =1,73, 6 =2,45
Expanded uncertainty,\U
U=kxu(m,)=2x2,63°C=5,27 °C = approximately 5,3 °C
Reported resujt
The measured-temperature rise is xx,x K+ 5,3 °C
The reported expanded uncertainty of measurement is stated as the standard uncertatilnty
of measurement multiplied by the coverage factor k = 2, which for a normal distribution
corfesponds to a coverage probability of approximately 95 %.
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Annex A
(informative)

Uncertainty of measurement calculations for product
conformity assessment testing — Examples 1 to 6

IECEE CTL WG 1 provides the following set of examples of calculations to illustrate the
application of uncertainty of measurement to conformity assessment activities carried out
under the IECEE CB Scheme.

Example 1 — Input test

Example 2 — Input power test

Example 3 — Leakage current measurement test
Example 4 — Distance measurement using calliper gauge
Example 5 — Torque measurement

Example 6 — Pre-conditioning for ball pressure test

The¢se examples have been simplified to illustrate various steps of ‘th€ process for performfing
ungertainty of measurement calculations.
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Result: uncertainty of input current expressed as a percentage of reading in amperes.

Description:

Input current to product is proportional to voltage applied.

Input current is measured to product connected to mains power source.

See Table A.1.
Table A.1 — Input test
Quan- Source of X; Type Relative Probability Distri- Relative Sensitivity Rlelative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
X; quantity, division uncer- (o cqgntribu-
Sp(X) factor, tainty, tign, u;(y)
k u(X;)
or Repeatability | Xg A Normal 0,2 % 1 D,2 %
of
measurement
instr Spgcification Xinstr B 0,5 % Rectangular \/3_ 033% 1 D,3 %
for instrument
(3reading Reading error reading B 0,3 % Rectangular \/g 0,17 % 1 9,17 %
(Spower Specification Xpower B 0,17 % Rectangular \/5 0,1 % 1 D,1 %
for power
mains
fluctuation
Relative combined standard uncertainty, u, 3,41 %
Coverage factor k = 2; confidence level: 95 % -
Relative expanded uncertainty, U = u_ x kg 9,81 %
Reported result — The measured input current is m, (1 £ 0,008 1) A, k= 2,95 % confidence
level.
OR repeatability of measurement — uncertainty due to repeatedly making the same
measurement — Type A with normal distribution
NOTE This formula is used to estimate the standard deviation of the sampling distribution of the mean (i.g. to
estimate the'standard error of the mean). This estimate is represented by the symbol u, in the equation for d;.
Sindtr specification for instrument — uncertainty due to instrument used for measurements.
Determined from specifications in instrument manual (MPE). Meter is 0,5 class. Efror
is £0,5 %. Rectangular distribution, k = J3.
u;=0,5/+3=03%
) reading of instrument — uncertainty due to technician reading the instrument. When

reading

testing meter is 0,5 A per graduation and 100 graduations, estimating reading error is
1/10 graduation. In the practice testing, reading value is 34,8 line. Rectangular

distribution, k = /3 .
us = [(0,1)(0,5)]/[(34,5)(0,5) /31 % 100 = 0,17 %
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power mains fluctuation — uncertainty due to fluctuations in power mains voltage.

Uncertainty of the regulator is 0,2%. Rectangular distribution, k = V3. Sensitivity
coefficient = 1.

up=02/+3=01%

power
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Result: uncertainties expressed as a percentage of input power in watts.

Description: input power is measured to product operating in stable condition while connected
to regulated mains power source. Input power is measured by analogue or digital power

meter.
See Table A.2.
Table A.2 — Input power test
Quan- Source of X, Type Relative Probability Distri- Relative Sensijtivity Relative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
X; quantity, division uncer- ¢ cqntribu-
Sp(Xi) factor, tainty, tign, u;(y)
k u(x;)
Or Rfepeatability XR A Normal 0,2% 1 D,2 %
o
measurement
Ginstr Spgcification Xinstr A 0,2 % Normal 2 0,1 % 1 D,1 %
for instrument
(Sreadmg Reading error Xreading B 0,45 % Rectangular \/5 0,26 % 1 4,26 %
(3p0wer Specification Xpower B 0,35 % Rectangular \/5 0,2 % 1 .20 %
for power
mains
fluctuation
Relative combined standard uncertainty, ug 9,40 %
Coverage factor kp = 2; confidence level: 95 % -
Relative expanded uncertainty, U = u_ x kp 9,80 %
Reported result — The measured-input power is m, (1 £ 0,008) W, k=2, 95 % confidence
levgl.
OR repeating error”repeatability of measurement — uncertainty due to repeatgdly
making the same measurement — Type A with normal distribution
Oindtr specification for instrument — uncertainty due to instrument used for measyre-
ments. Determined from calibration laboratory report. Expanded uncertainty
reported is £0,2. Distribution is normal, k = 2.
Uy =0,22=01%
dreading reading of instrument — uncertainty due to technician reading instrument —
estimated.
Jpower specification of power mains fluctuation — uncertainty due to fluctuations in power

mains voltage.
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Example 3: Leakage current measurement test

Result: uncertainties of leakage current expressed in micro-amperes.

Description: leakage current is measured with product operating under normal working
conditions. Leakage current is measured directly by a leakage current meter. The measure-
ment is carried out under the following conditions.

a)

b)

Between any pole of the power source and metal parts that can be easily touched or the
metal foil on the insulating materials that can be easily touched, not exceeding 20 cm by

11U cm.

sted parts are:

Before and after humidity conditioning.

between the live parts and the shell with reinforced insulation.

between live parts and the enclosure isolated from the live part by only basic insulation;

Between any pole of the power source and the metal parts only using basic insulatior to
separate live parts of one stage apparatus.

Seg Table A.3.
Table A.3 — Leakage current measurement test
Quan- Source of X, Type Error Probability Distri- Standard | Sensitivity | Ungertainty
tity uncertainty quantity, shapg bution uncer- coefficient, | cqntribu-
X; Sp(Xi) division tainty, C tion,
factor, u(X;) u,(y)
HA k HA pA
Or Rfepeatability Xr A Normal 1 1 1
o
measurement
Ginher Calibration of | X; ... A 15 nermal | Normal 3 5 normal 1 5|normal
instrument 18 after 6 after after
Sinstr Qu‘antum error | X o B 0,5 Rectangular \/g 0,3 1 0,3
of instrument
5range Range of range B 0,0 Rectangular \/5 0,0 1 0,0
measurement
(3temp Ambient Xtemp A 3,2 normal | Normal 3 1 normal 1 1|normal
temperature 3,7 after 1,2 after 112 after
fluctuation
(3humid“y Rela_ti\_/e Xhumidity B 3,7 Rectangular \/5 2 after 1 2|1 after
humidity
(Spower Specificatioq Xpower B 2 Rectangular \/5 1,2 1 1
ofpower mains
fluctGation
Combined standard uncertainty, u, 5,3 normal
6,6 after
Coverage factor kp = 2; confidence level: 95 % -
11 normal

Expanded uncertainty, U = u,_ x kp

13 after
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Reported result — The measured leakage current is 320 yA £ 11 pA and 370 pA + 13 pA after
humidity, kK = 2,95 % confidence level.

OR repeating error repeatability of measurement — uncertainty due to repeatedly

making the same measurement — Type A with a normal distribution:
L
u, = =y =
1o nn-1) H

Sinher calibration of instrument — leakage current of basic insulation is 320 pA under
r\r\nrahng r\r\nr{lhr\n onH ’2'7(\ ||/\ ||nr|nr hum:d:t\l r\r\nrllhnnlng /\‘Cccrrhng +r\ he
certificate of calibration, the system error of the measured instrument is-£5|%,
normal, k = 3.
up, = 0,056 x 320/3 = 5 A normal condition
up, = 0,06 x 370/3 = 6 pA humidity condition

Oindtr quantum error of instrument — uncertainty due to instfrument used [for
measurements (MPE). When testing, used 2 mA measuringhrange, resolutiorn] is
0,001 mA, quantization error of instrument is in the same ptobability distribution in
the 0,001/2 mA range.
Us = 0,00%/2 mA = 0,3 pA

V3

NOTE MPE is the maximum permissible error given byfthe manufacturer.

Irahge range of measurement — can be ignored bgcause of its small value.
U4 =0

Jtefp ambient temperature fluctuation — for each 10 °C in environmental temperatyre,
the variation of the indicated value is no more than +1,5 % when testing. For
common electronic and elegtro-mechanical and assembled apparatus, the
temperature should be kept 20-°C + 5 °C, we can consider that limit of variation of
the indicated value is £1 %;-Normal distribution: k = 3.
ug = (320 pA x 0,01)/3 =41,1 pA normal
us = (370 pA x 0,01)/3 = 1,2 pA after

Ohumidity ~ relative humidity=-when tested under normal operation , it can be ignored. During
humidity testingy the relative humidity should be kept 93 % + 2 % (RH). If it varies,
each 1 % ‘of ‘leakage current of basic insulation changes %1 %. Rectangdlar
distribution: k = /3.
ug =0 mormal
dg= (370 yA x 0,01)//3 =2,1 pA

dpolwer power mains fluctuation — the u; reflects the influence of output power and
voltage. For the electric heating apparatus and microwave ovEn,
AP =(0,25 % x _measuring range + 0,25 % x reading values) <10 W . Leakage current

variation does not go over 2 yA. Rectangular distribution: k = J3.

u7:i =1,2 yA

Ng
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Example 4: Distance measurement using calliper gauge

Result: budget of uncertainty of distance for a calliper gauge (analogue).

Description: distance measurement is with a calliper gauge by an expert.

See Table A.4.
Table A.4 — Distance measurement using calliper gauge
Quan- Source of X, Type Error Probability Distri- Standard | Sensitivity [-Un¢ertainty
tity uncertainty quantity, shape bution uncer- coefficient, cgntribu-
X; Sp(Xi) division tainty, C tign, u;(y)
factor, u(X;)
k
Oinst Spgcification Xinst B 50 um Rectangular \/g 29 uym 1 PO um
for instrument
Jread Reading of X ead B 5 um Rectangular \/g 2,89 ym 1 2189 uym
instrument
(e.g. because
of parallax)
(Stemp Ambient Xtemp B 0,1 ym |Rectangular \/g 0,057 7 1 0,457 7 ym
temperature um
fluctuation
O calibr Calibration of | X_, ., B 0,5 ym |Rectangular \/5 2,89 ym 1 1189 um
gauge
O abbe Canﬁng of Xabbe B 60 um Rectangular. \/5 35 um 1 B5 um
position of the
measuring
surface
Suser Eci)f;?;gpce in Xser B 100 ym |Rectangular \/g 60 uym 1 b0 um
pressure by
user
Combined standard uncertainty, u_ 5 um
Coverage factor kD = 2; confidence level: 95 % -
Expanded uncertainty, U = u,_ x kD 150 pm
Reported result — The measured distance is m, ym + 150 ym, k = 2, 95 % confidence level.
Oindt MPE is the maximum permissible error given by the manufacturer. According to the
technjcal information of the manufacturer, MPE = 0,05 mm.
Distribution is rectangular, k = J3, uqs = 0,05 mm/+/3 =29 gm.
Orehd reading error — depends on human influences and practical experience. Estimated| as
10,005 mm.
Distribution Is rectangular, k = NEP u, = 0,005 mm/~3 = 2,89 pm.
dtemp  temperature error — because of the specific range of the calliper, influence of
temperature can be neglected.
Distribution is rectangular, k = V3, uz = 0,000 1 mm/~/3 = 0,057 7 pm.
dcalipr  Calibration of gauge — according to calibration certificate.
Distribution is rectangular, k = /3, u, = 0,005 mm/+/3 = 2,89 pm.
dabbe  Canting — because of the position of the measuring surface.

Distribution is rectangular, k = J3, us = 0,06 mm/+/3 =35 pm.
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user contact pressure — influence of user, depends on the practical experience of the
expert.

Distribution is rectangular, k = /3, ug = 0,1 mm/+/3 =60 pm.
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Example 5: Torque measurement

Result: uncertainty of torque measured.

- 27 —

Description: the complete measurement chain consists of a torque/speed sensor with

uncertainty contributions due to eccentricity,

internal

influence of measuring amplifier and plotting unit (computer).

friction (bearings), repeatability,

See Table A.5.
Table A.5 — Torque measurement
Quan- Source of X, Type Relative | Probability Distri- Relative | Sensitivity Relative
tity uncertainty error shape bution standard | coefficient, | un¢ertainty
X, quantity, division uncer- C cqntribu-
Sp(Xi) factor, tainty, tion,

k u(Xx;) uy(y)
riction Internal friction chtion B 0,05 % Rectangular \/g 0,028 9 % 1 0,028 9 %
OmpE Meas_u_rement XMF,E B 0,1 % Rectangular \/g Q0877 % 1 0,057 7 %

amplifier
(3p|0tter Plotting unit Xplotter B 0,1 % Rectangular \/5 0,057 7 % 1 0,057 7 %
Ogccent Eccentricity of Xeccent B 0,1 % Rectangular \/5 0,057 7 % 1 0,057 7 %
axes
(Srepeat Rfepeatability Xrepea‘ B 0,5 % Rectangular \/g 0,289 % 1 0}289 %
o
measurement
Relative combined standard uncertainty, ug 0,030 7 %
Relative coverage factor k_ = 2; -
confidence level: 95 %
Relative expanded uncertainty, U = u_ x kp 9,61 %
Reported result — The measutred torque is m, (1 £ 0,006 1) N-m, k=2, 95 % confidefce
interval.
Ofrittion  108s because of mechanical friction (clamping unit). Because of practical experience,
this error is~estimated as +0,1 % of the final result. Estimation: average 0,05 % *
0,05 %.
Distribution is rectangular, k = +/3, u; = 0,05 %/~/3 = 0,028 9 %.
OMPE standard measuring amplifier; MPE = 0,1 % (accuracy class I).
Distribution is rectangular, k = /3, u, = 0,1 %//3 = 0,057 7 %.
5p| i ed
statistically by plotting unit (e.g. computers and specific measuring boards). Because
of practical experience, the error is assumed as £0,1 % of the final value.
Distribution is rectangular, k = /3, uz = 0,1 %//3 = 0,057 7 %.
deccent Decause of misalignment of axes (eccentricity) there are superposed torques
(dynamic and static rates of torque) which lead to additional losses. Because of
practical experience, the error is assumed as 10,1 % of the final value.
Distribution is rectangular, k = /3, Uy = 0,1 %//3 = 0,057 7 %.
drepeat Decause of non-identical settings of the measuring device and clamping situation

(often because of high/lower experienced staff), there are repeatability errors.
Because of practical experience, the error is assumed as +0,5 % of the final value.

Distribution is rectangular, k = \/3 , ug = 0,5 %/+/3 = 0,289 %.
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Result variable: uncertainty of temperature of test sample.

Description: influence by possible factors: set point of the heater, reading accuracy, spatial
temperature gradient based on the thermal isolation of the heater, influence of the two-stage
heater control, thermal/temporal inertia of the system, surface/volume ratio of the test
specimen (the smaller the ratio, the greater the thermal inertia), uncertainty of thermocouple.

SegTFabte A6
Table A.6 — Pre-conditioning for ball pressure test
Quan- Source of X; Type Error Probability Distri- Standard | Sensitivity Unceu'tainty
tity uncertainty quantity, shape bution uncer- coefficient, | congribu-
X; Sp(Xi) division tainty, o tion} u;(y)
factor, u(x;)
k
oTx Spatial XTg B 0,1 °C |Rectangular 3 0,057 7,°C 1 0,05 7 °C
temperature
gradient and
fluctuation
Oindic fRough scale X ndic B 0,5 °C Rectangular \/g 0,289 °C 1 0,289 °C
or
temperature
set
0T ontr Funqtion of XT ontr B 1°C Rectangular \/g 0,577 °C 1 0,5Y7 °C
heating control
ORec Influence of Xrec B 1,5°C Rectangular \/5 0,866 °C 1 0,866 °C
recorder
0Tr. || Transition of XTr o B 0,25 °C *\Rectangular \/g 0,144 °C 1 0,144 °C
resistance
Oref Calibration of Xref B 0,1,¢C Rectangular \/g 0,057 7 °C 1 0,05ff 7 °C
reference
thermocouple
Combined standard uncertainty, u, 1,093 °C
Coverage factor kp = 2; confidence level: 95 % —
Expanded uncertainty, U = ug, kp 2, °C

Reported result*— The measured temperature is 70,6 °C £ 2,2 °C, k=2, 95 % confidence

interval.

TiNvp, ( constant value: 75 °C; temperature set with control dial.

Tr constant value: 4,4 °C; according to the manufacturer’'s specification, the spatial
temperature gradient is £2 % of maximum temperature (220 °C). Practical experience
shows that this value can be divided into one systematic and one random failure.
Extreme estimate for systematic fluctuation: due to thermal loss, there is a spatial
temperature difference of -4,4 °C.

OR extreme estimate for random fluctuation: the mean values fluctuate at intervals
(0,08; -0,03). An approximate spatial temperature fluctuation of +0,1 °C can be
specified.

Distribution is rectangular, k = +/3, u; = 0,1 °C/+/3 = 0,057 7 °C.
dindic  due to the rough scale, the temperature of the warming cabinet can only be set with

a tolerance of £0,5 °C (estimated value).

Distribution is rectangular, k = /3, u, =0,5 °C/+/3 = 0,289 °C.
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Scontr  distribution is rectangular, k = /3, u3 = 1,0 °C/~/3 = 0,577 °C.

ORec summarized all impacts on uncertainty of the recorder.
Distribution is rectangular, k = +/3, u, = 1,5 °C/+/3 = 0,866 °C.

0Tr..s estimated impact of transition of resistance based on practical experience.
Distribution is rectangular, k = \/3, ug = 0,25 °C/+/3 = 0,144 °C.

Oref estimated impact of reference element (PT100 based on practical experience).

Distribution is rectanqular, k = /3 . uz = 0.1 °C//3 = 0,057 7 °C.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPLICATION DE L’INCERTITUDE DE MESURE
AUX ACTIVITES D’I’EVALU/-}TION DE LA CONFORMITE
DANS LE SECTEUR ELECTROTECHNIQUE

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)."L'IEC a gour
pbbjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domajnes
He I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — puablié des Norfnes
nternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibleg au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboratien est confiée a|des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. |Les
brganisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent
Egalement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (1$0),
5elon des conditions fixées par accord entre les deux organisations.

2) |es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la megure
Hu possible, un accord international sur les sujets étudiés, étant donpé_que les Comités nationaux de I|[EC
ntéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'lEC se présentent sous la forme de recomimandations internationales et sont agrgées
comme telles par les Comités nationaux de I'lEC. Tous les effofts raisonnables sont entrepris afin que IJEC
5'assure de I'exactitude du contenu technique de ses publications; I'|EC ne peut pas étre tenue responsablg de
'‘éventuelle mauvaise utilisation ou interprétation qui en est¢faite par un quelconque utilisateur final.

4) Pans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toutp la
mmesure possible, a appliquer de fagon transparente Jes.Publications de I'l[EC dans leurs publications nationgles
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales| ou
Fégionales correspondantes doivent étre indiquéesien termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation“de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marques| de
conformité de I'IEC. L’IEC n'est responsable’ d'aucun des services effectués par les organismes de certification
ndépendants.

6) [Tous les utilisateurs doivent s'assurer.qu'ils sont en possession de la derniére édition de cette publication.

7) Pucune responsabilité ne doit._étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires| ou
mandataires, y compris seg experts particuliers et les membres de ses comités d'études et des Coniités
hationaux de I'lEC, pour tout“préjudice causé en cas de dommages corporels et matériels, ou de tout aptre
Hommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
He justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC oy de
oute autre Publication/de I'lEC, ou au crédit qui lui est accordé.

8) L'attention est attitée sur les références normatives citées dans cette publication. L'utilisation de publicat{fons
référencées estiobligatoire pour une application correcte de la présente publication.

9) L’attention ést attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'objet
He droitshde brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droit4 de
brevets,

Cetterdeuxieme édition du Guide |[EC 115 a été préparée par le CTl de I'|[ECEE selonlles

Directives ISO/IEC, Partie 1, Annexe A. Ceci est un guide non obligatoire selon la Décision
136/8 du SMB.

Cette deuxieme édition annule et remplace la premiére édition publiée en 2007.

Les modifications majeures par rapport a I'édition précédente sont les suivantes:

a) alignement rédactionnel sur I'lSO/IEC 17025:2017 sans adaptation du contenu technique;

b) références a I'lSO/IEC 17025:2005 et a I'|SO/IEC 17025:2017 afin de faciliter la transition
vers la nouvelle édition de I'lSO/IEC 17025.
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Le texte du présent Guide IEC est issu des documents suivants:

Vote des quatre mois Rapport de vote

SMBNC/8/DV SMBNC/14/RV

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de ce Guide.

La langue employée pour I'élaboration de ce Guide est I'anglais.

Ce|document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon |les
Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles s¢us
www.iec.ch/members_experts/refdocs. Les principaux types de documents déveleppés par
I'lEIC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.
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INTRODUCTION

Le présent document a été établi par le Comité des laboratoires d’essai (CTL, Committee of

Testing Laboratories) du systéme
équipements électriques (IECEE,

IEC d’essais de conformité et de certification des
IEC System of Conformity Assessment Schemes for

Electrotechnical Equipment and Components) afin de donner des recommandations pour
I'application pratique des exigences concernant l'incertitude de mesure de I'lISO/IEC 17025
aux essais de sécurité électrique réalisés dans le cadre de la méthode des organismes de
certification (OC) du systéme IECEE.

La|méthode OC du systéme IECEE est un accord international multilatéral conclu entre ;j’lus
de| 40 pays et quelque 60 organismes nationaux de certification pour I’acceptation
ragports d’'essai sur les produits électriques soumis a essai selon les normes IEC.

es

Le [but du CTL est, entre autres taches, de définir une analyse commune de Jaxméthodologie
d’essai selon les normes IEC ainsi que d’assurer et d’améliorer de maniére continuel la

répétabilité et la reproductibilité des résultats d’essai entre les laboratoires'membres.

L’approche pratique de l'incertitude de mesure décrite dans le présent document a gté

adoptée pour étre utilisée dans les méthodes du systéme IECEE et elle est égalemfnt
largement utilisée dans le monde par les laboratoires d’essailpour les essais des prod
élefctriques selon les normes nationales de sécurité.

its

Le |présent document présente un intérét particulier pour les Comités d’études suivants|de

I'IHC, qui peuvent, si nécessaire, décider de I'utiliser.

COMITE D’ETUDES 13:
COMITE D’ETUDES 17:
COMITE D’ETUDES 18:

COMITE D’ETUDES 20:
COMITE D’ETUDES 21:
COMITE D’ETUDES 22:

COMITE D’ETUDES 23:
COQMITE D’ETUDES32:
COMITE D’ETUDES 33:
COMITE D’ETUDES 34:
COMITE DETUDES 35:
COQMITE D’ETUDES 38:

COMITE D’ETUDES 47:
COMITE D’ETUDES 59:

COMITE D’ETUDES 61:

COMITE D’ETUDES 62:
COMITE D’ETUDES 64:

COMITE D’ETUDES 65:

COMPTAGE ET PILOTAGE DE L’ENERGIE ELECTRIQUE
APPAREILLAGE HAUTE TENSION

INSTALLATIONS'ELECTRIQUES DES NAVIRES ET DES UNIT[ES
MOBILES ET FIXES EN MER

CABLES ELECTRIQUES

ACCUMULATEURS
SYSTEMES ET EQUIPEMENTS ELECTRONIQUES [DE
PWSSANCE

PETIT APPAREILLAGE
COUPE-CIRCUITS A FUSIBLES
CONDENSATEURS DE PUISSANCE ET LEURS APPLICATIONS$
ECLAIRAGE

PILES

TRANSFORMATEURS DE MESURE

ONDENSA R R AN TS
ELECTRONIQUES

DISPOSITIFS A SEMICONDUCTEURS

APTITUDE A LA FONCTION DES APPAREILS

ELECTRODOMESTIQUES ET ANALOGUES

SECURITE DES APPAREILS ELECTRODOMESTIQUES ET
ANALOGUES

EQUIPEMENTS ELECTRIQUES DANS LA PRATIQUE MEDICALE

INSTALLATIONS ELECTRIQUES ET PROTECTION CONTRE LES
CHOCS ELECTRIQUES

MESURE, COMMANDE ET
PROCESSUS INDUSTRIELS

AUTOMATION DANS LES
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COMITE D’ETUDES 66:

COMITE D’ETUDES 76:

COMITE D’ETUDES 77:
COMITE D’ETUDES 78:
COMITE D’ETUDES 80:
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SECURITE DES APPAREILS DE MESURE, DE COMMANDE ET

DE LABORATOIRE

SECURITE DES RAYONNEMENTS OPTIQUES ET MATERIELS

LASER
COMPATIBILITE ELECTROMAGNETIQUE
TRAVAUX SOUS TENSION

MATERIELS ET SYSTEMES DE NAVIGATION ET
RADIOCOMMUNICATION MARITIMES

SVSTEMES DE CONVERSION RHOTOVOLTAIOLIES
o TOTEVIED OV ETNOTOTY o o voT IO TEY

DE

COMITE D’ETUDES 110:

L’ENERGIE SOLAIRE
AFFICHAGES ELECTRONIQUES
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APPLICATION DE L’INCERTITUDE DE MESURE

AUX ACTIVITES D’I’EVALU/-}TION DE LA CONFORMITE
DANS LE SECTEUR ELECTROTECHNIQUE

1 Domaine d’application

Le [présent Guide présente une approche pralique de T'application de T'inceriitude de mes
aux activités d’évaluation de Ila conformité dans le secteur électrotechnique., Tt

specifiqguement congu pour étre utilisé dans les méthodes du systéme IECEE ainsi qde-par
labpratoires qui réalisent les essais des produits électriques selon les normes nationales

ségqurité. |l décrit I'application des principes de lincertitude de mesure et ldonne Tes
u

regommandations pour la réalisation des calculs de l'incertitude de mesure. Le|présent G

lire
est
les
de

ide

domne également quelques exemples de calculs de l'incertitude de mesure_pour des esgais

d’éyvaluation de la conformité de certains produits.

2 | Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils_constituent, pour tout ou pa

Ftie

de|leur contenu, des exigences du présent document. Podr les références datées, selule

I’édition citée s’applique. Pour les références non datées;‘la derniére édition du document
réference s'applique (y compris les éventuels amendements).

de

ISQ/IEC 17025, Exigences générales concernant la compétence des laboratoifes

d’étalonnages et d’essais

3 | Termes et définitions

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

r

en [normalisation, consultables aux adresses suivantes:

e |IEC Electropedia~disponible a I'adresse http://www.electropedia.org/

e |ISO Online bréwsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
fadteur d’élargissement

$0 et I'IEC tiennent a jout-dés bases de données terminologiques destinées a étre utilisg¢es

facteur,~qui, lorsqu’il est multiplié par lincertitude-type composée, fournit un intervalle
(imcertitude élargie) autour du résultat d’'un mesurage, dont on puisse s'attendre a ce qu'il

comprenn ne fraction ifié lev r exempl 9 I istribution val
qui pourraient étre attribuées raisonnablement au mesurande

3.2
incertitude-type composée
résultat de la combinaison des composantes de I'incertitude-type

3.3
erreur de mesure
résultat d’'un mesurage moins une valeur vraie du mesurande

rs

Note 1 a l'article: L'erreur de mesure n'est pas quantifiable de maniére précise car la valeur vraie se situe a un

niveau inconnu dans le domaine d’incertitude de mesure.
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3.4

incertitude élargie

valeur qui s'obtient par la multiplication de [lincertitude-type composée par un facteur
d’élargissement

3.5
niveau de confiance
probabilité que la valeur du mesurande se trouve a l'intérieur du domaine d’incertitude indiqué

3.6

mesurande

gr%ndeur faisant I'objet de la mesure, évaluée dans I'état ou se trouve le systéme mespré
pemdant la mesure elle-méme

[SOURCE: IEC 60359:2001, 3.1.1, modifié — Les Notes ont été supprimées.]

3.7
grandeur X;
source d’incertitude

3.8
écart-type
radine carrée positive de la variance

3.9
ingertitude-type
écart-type estimé

3.10
indertitude de mesure
pafjlameétre, associé a une mesure, qui.caractérise la dispersion des valeurs qui pourraient
étrg attribuées raisonnablement au mésurande

[SOURCE: IEC 60359:2001, 3.4, modifié — Dans la définition, le texte "qui peut &tre
attfibuée" a été remplacé par*qui pourraient étre attribuées". Les Notes ont été supprimées.]

1
méthode d’évaluation'de Type A
méthode d’évaluation de [lincertitude de mesure par l'analyse statistique d'une serie
d’opservations

3.1)2
méthodetd’évaluation de Type B
méthode’ d’évaluation de lincertitude de mesure par des moyens autres que l'analyse
stafistique d'une série d’observations

4 Application des principes de I'incertitude de mesure
4.1 Généralités
4.1.1 La qualification et I'acceptation des laboratoires d’essai OC (CBTLs, Certification Body

Testing Laboratories), par exemple dans le systéeme IECEE, se font conformément a
I'ISO/IEC 17025.
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ISO/IEC 17025:2005, 5.4.6.2

"Les laboratoires d’essais doivent aussi posséder et appliquer des procédures pour estimer
I'incertitude de mesure. Dans certains cas, la nature de la méthode d’essai exclut un calcul
rigoureux, métrologiquement et statistiquement valide, de l'incertitude de mesure. Dans de
tels cas, le laboratoire doit au moins tenter d’identifier toutes les composantes de l'incertitude
et faire une estimation raisonnable, tout en assurant que la maniere d’en rendre compte ne
donne pas une impression erronée de l'incertitude. Une estimation raisonnable doit se baser
sur une connaissance de la performance de la méthode et sur le domaine de la mesure et
faire appel, par exemple, a I'expérience acquise et aux données de validation antérieures.

NOTE 1 Le degré de rigueur requis dans une estimation de I'incertitude de mesure dépend de facteurs telsqu

1

— |es exigences de la méthode d’essai;

— |es exigences du client;

— Jexistence de limites étroites sur lesquelles la décision de conformité a une spécification est’basée.
NOTE 2 Dans les cas ou une méthode d’essai bien établie précise des limites des Valeurs des principgles
soufces d’incertitude de mesure et spécifie la forme de présentation des résultats caleulés, le laboratoire|est

conpidéré comme ayant satisfait cette clause s’il suit la méthode d’essai et les instructions concernant les rappprts
(voir 5.10)."

ISQ/IEC 17025:2017, 7.6

"7.6 Evaluation de I’'incertitude de mesure

7.6.1 Le laboratoire doit identifier les contributions a l'incertitude de mesure. Lors |de
I’évyaluation de l'incertitude de mesure, toutes les contributions importantes, y compris ce(‘iles
isspes de I'échantillonnage, doivent étre prises en compte, en utilisant des méthodes
d’analyse appropriées.

.2 Un laboratoire procédant a des-étalonnages, y compris de ses propres équipements,
évaluer l'incertitude de mesure.detous les étalonnages.

7.6.3 Un laboratoire procédant-a des essais doit évaluer I'incertitude de mesure. Lorsque la
métthode d’essai ne permet\pas une évaluation rigoureuse de l'incertitude de mesure, il faut
faile une estimation sur la-base d’'une connaissance scientifique des principes théoriques|ou
d’une expérience pratique de la performance de la méthode.

NOTE 1 Dans les cas jou une méthode d’essai bien établie précise des limites pour les valeurs des principgles
soufces d’incertitude,_de mesure et spécifie le format de présentation des résultats calculés, le laboratoire|est
conpidéré comme ayant satisfait aux exigences de 7.6.3 s’il suit la méthode d’essai et les instructions sur la fggon
de flendre compte des résultats.

NOTE 2 ~Peur une méthode donnée dont I'incertitude de mesure associée aux résultats a été établie et vérifiée, il
n’'e4t pas-necessaire d’évaluer l'incertitude de mesure pour chaque résultat, sous réserve que le laboratoire pulsse
dénjontrer que les facteurs critiques d’influence identifiés sont sous contréle."

4.1.2 L’ISO/IEC 17025:2005, 5.10.3.1 c) stipule:

"c) s’il y a lieu, une déclaration relative a l'incertitude de mesure estimée; l'information
relative a l'incertitude est nécessaire dans les rapports d’essai lorsqu’elle est importante
pour la validité ou I'application des résultats d’essai, lorsque les instructions du client
I’exigent ou lorsque l'incertitude affecte la conformité aux limites d’'une spécification;".

L'ISO/IEC 17025:2017, 7.8.3.1 c) stipule:

"c) s’il y a lieu, I'incertitude de mesure exprimée dans la méme unité que le mesurande ou
dans un terme relatif au mesurande (par exemple en pourcentage), lorsque:

— elle est importante pour la validité ou I'application des résultats d’essai,
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— les instructions du client I’'exigent, ou
— lincertitude de mesure affecte la conformité aux limites d’une spécification;".

4.1.3 L’ISO/IEC 17025 a été rédigée comme un document a usage général, pour toutes les
industries. Les principes de lincertitude de mesure sont appliqués aux essais des
laboratoires et a la présentation des résultats d’essai pour fournir une assurance de la validité
des décisions prises concernant la conformité des produits soumis a essai selon les
exigences applicables. Les procédures et les techniques concernant les calculs de
I'incertitude de mesure sont bien établies. Le présent document est destiné a donner des
recommandations plus spécifiques concernant I'application des principes de l'incertitude de

meptre—ataconsignationdesrésuitatsdessatrdanstecadredetaméthode 6€——

4.1.4 L'Article 4 du présent document est consacré a l'application des prinCipés |de
I'incertitude de mesure dans le cadre de la méthode OC, tandis que I'Article 5'donne ﬂes
redommandations pour la réalisation des calculs de l'incertitude de mesure et comprend ges
exgmples.

4.20 Principes de I'incertitude de mesure

Un|des points délicats de I'application des principes de l'incertitude de mesure aux activités
d’évaluation de la conformité est la gestion des aspects de codt,/de temps et des aspects
pratiques pour la détermination des relations entre différentes sources d’incertitude.
Ceftaines relations sont inconnues ou exigeraient un effort_considérable, du temps et un cpat
élelvé pour étre établies. Un certain nombre de techniques.‘éprouvées sont disponibles ppur
traiter ce point délicat. Ces techniques prévoient de ne (pas étudier les sources de variabilité
quil n'ont qu’une faible influence sur le résultat et_de réduire le plus possible les sourges
sighificatives de variabilité en les contrélant.

4.3 Contexte

4.3l1 Les méthodes d’essai utilisées dans le cadre de la méthode OC du systéme IEGEE
sont par nature des normes constituantwun consensus. Les critéres utilisés pour déterminef la
conformité aux exigences sont la plupart du temps fondés sur un consensus quant aux limites
qu’jl convient d’appliquer aux résultats d’essai. Le dépassement de la limite dans une faiple
prgportion ne donne pas lieu a Gn’ danger imminent. Les méthodes d’essai utilisées peuvent
inclure une indication sur lacprécision stipulant I'incertitude maximale admissible attendue
lorsque la méthode est (utilisée. Historiquement, les laboratoires d’essai utilisaient des
équliipements respectant. les régles de l'art et ne tenaient pas compte de l'incertitude [de
megsure dans leurs eomparaisons des résultats avec les valeurs limites. Des normes |de
ségurité ont été élaborées dans ce domaine et les limites données dans les normes reflétent
cefte pratique.

4.3l2 Les~parameétres d'essai qui influencent les résultats des essais peuvent §tre
nombreux:xDes variations nominales de certains paramétres d’essai ont peu d’effet pur
I'inpertitude du résultat du mesurage. Les variations d’autres parameétres peuvent avoir|un
effet. Joutefois, le degré d’influence peut étre réduit en limitant la variabilité du paramétre lprs
de taTéatisatiomde tessar.

4.3.3 Un des moyens courants de prise en compte des effets des parametres d’essai sur les
résultats d’essai consiste a définir les limites acceptables de variabilité des paramétres
d’essai. Ce faisant, toute variabilit¢é des résultats de mesurage obtenus en raison de
variations des paramétres controlés n’est pas considérée comme significative si les
parameétres sont contrélés dans le respect des limites. Des exemples de I'application de cette
technique exigent:

a) le maintien de la source d’alimentation d’entrée: tension *2 %, fréquence 0,5 %,
distorsion harmonique totale 3 %;

b) une température ambiante de: 23 °C + 2 °C;

c) une humidité relative de: 93 % £ 2 % (HR);

d) pour le personnel: des exigences de compétence technique documentées pour I'essai;
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e) pour les procédures: des procédures de laboratoire documentées;

f) pour la précision de I'équipement: des appareils ayant une exactitude conforme au
document OD-5014 du CTL.

NOTE Les limites acceptables aux points a) a c) sont données a titre d’exemples et ne représentent pas
nécessairement les limites réelles établies.

4.3.4 Le résultat final du contréle des sources de variabilité dans les limites prescrites est
que le résultat du mesurage peut étre utilisé comme la meilleure estimation du mesurande.
En effet, 'incertitude de mesure autour du résultat mesuré est négligeable par rapport a la
dégiston fimale dacceptation ou de refus.

4.j Principes de I’incertitude de mesure — Application des procédures
1

4.41 Lorsqu’'un essai donne lieu au mesurage d’une variable, il existe uneVincertityde
asgociée au résultat d’essai obtenu.

4.42 |a procédure 1, représentée a la Figure 1, est utilisée lorsque le calcul de I'incertityde
de |mesure est exigé par I'ISO/IEC 17025:2017, 7.6.3 et 7.8.3.1 c),~Calculer 'incertitude|de
mesure (voir I’Article 5) et comparer le résultat mesuré avec la plage.d’incertitude a une linite
acgeptable définie. La mesure est conforme a I'exigence si la probabilité pour qu’elle so|t a
I'inférieur des limites est d’au moins 50 %.
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Figure 1 — Procédure 1: Incertitude de mesure calculée

4.4.3 La procédure 2, représentée a la Figure 2, est utilisée lorsque I'lSO/IEC 17025:2017,
7.6.3, Note 2, s’applique. La procédure 2 est la méthode traditionnellement utilisée dans le
cadre de la méthode OC et elle est désignée sous le terme « méthode d’exactitude ». L’essai
réalisé est un essai individuel de série. Les sources d’incertitude sont réduites le plus
possible, de maniére a ce qu’il ne soit pas nécessaire de calculer l'incertitude de mesure pour
déterminer la conformité avec la limite. La variabilité des paramétres d’essai se situe dans les
limites acceptables. Les paramétres d’essai comme la tension de la source d’alimentation, la
température ambiante et I'humidité ambiante sont maintenus dans les limites acceptables
définies pour I'essai. La formation du personnel et les procédures de laboratoire réduisent
I'incertitude de mesure due aux facteurs humains. Les appareils utilisés présentent une
incertitude qui se situe dans les limites prescrites.
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NOTE Le terme "méthode d’exactitude" vient du concept de limitation de l'incertitude due aux appareils en
utilisant des appareils qui se situent dans les limites d’exactitude prescrites. A cet effet, la spécification
d’exactitude d’'un appareil est considérée comme l'incertitude maximale de mesure pouvant étre attribuée a

I'appareil.
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Figure 2 — Procédure 2: Méthode d’exactitude
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4.44 Le résultat du mesurage est considéré conforme a I'exigence s’il respecte la linite

prgscrite. Il n'est pas nécessaire de calculer I'incertitude associée au résultat du mesurage

4.45 Exemple — Procédure. 2

e |Essai de mesure de la(tension de sortie de I'alimentation

a) Méthode

Utiliser des appareils dont I’exactitude est conforme au document OD-5014 du CTL.

Connecter llalimentation a une source réseau de tension assignée, 12 % et|de
fréquence ‘assignée. Mesurer la tension de sortie de I'alimentation lorsqu’elle subif le
courantsassigné, +2 %, avec une charge résistive non inductive. L’essai est réalisg¢
une témpérature ambiante de 23 °C + 2 °C.

w
Q-

L*alimentation est conforme aux exigences si la tension de sortie se situe a +5 % dT la

valeur assignée

b) Résultats

Caractéristiques assignées de I'alimentation électrique: 240 V, 50 Hz en entrée; 5V en
courant continu, 2 A en sortie. Voir Tableau 1.

Tableau 1
Entrée Sortie
U Fréquence 1 U
\% Hz A \%
242 50 2,01 5,1

Température ambiante d’essai: 24 °C.
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L’exactitude des appareils utilisés est montrée dans le Tableau 2.

Tableau 2
Appareil de mesure Exactitude étalonnée pour Décision CTL 251A, max.
I’échelle utilisée pour la
mesure

Thermomeétre +1,0 °C +2,0 °C
Voltmeétre +0,5 % +1,5%
Fréquencemetre +0,2 % +0,2 %
Ampeéeremeétre +0,5 % +1,5 %

La|conclusion de I’essai est que I'alimentation est conforme a I'exigence.

4.5 Conclusion

4.91 L’approche traditionnelle de l'incertitude de mesure pour les activités d’évaluation|de
la gonformité dans le cadre de la méthode OC est I'application deflas méthode d’exactitude.
Ceite méthode permet de réduire les sources d’incertitude associ€es aux performances tes
esgais individuels de série de maniére a ce que le résultat de meSure puisse étre directemgnt
comparé a la limite d’essai pour déterminer la conformité,a Fexigence. Cette méthode [est
conforme aux exigences de I'ISO/IEC 17025. La méthode d%xactitude prend moins de temps
et présente un codt inférieur a celle des calculs détaillés de l'incertitude de mesure et |les
conclusions obtenues sont valables pour la décision fihale d’acceptation ou de refus.

4.5.2 Dans les situations ou la méthode traditionnelle d’exactitude ne s’applique pas, |les
valpurs de lincertitude de mesure sont calcylées et consignées avec les résultats des
vafliables obtenus au cours des essais.

5 [ Recommandations pour la réalisation des calculs de I'incertitude de mesure
avec des exemples de calculs

5.1 Principes généraux

5.1.1 L'Article 5 est destiné a constituer un bref résumé simplifié des étapes a suivre parfun
labjoratoire CBTL lorsgu’il a besoin d’estimer des incertitudes. Il donne également des
exemples sur la maniére d’effectuer les calculs.

5.1.2 Il ne s’agit en aucune mesure d’'un document complet sur I'incertitude de mesure (NU,
Melasurement. Uncertainty), ses sources et son estimation en général, mais il est présumé
offfir une_approche pratique dans la plupart des circonstances applicables dans un laboratgire
CBITL ,dans le cadre de la méthode OC du systeme IECEE.

5.1.3 Aucun mesurage nest parfait et les imperfections donnent lieu a des erreurs de
mesure dans le résultat. Par conséquent, le résultat d’'un mesurage est uniquement une
approximation de la valeur mesurée (mesurande) et il est complet uniquement lorsqu’il est
accompagné de l'indication de l'incertitude de cette approximation. En fait, compte tenu de
I'incertitude de mesure, une valeur vraie reste toujours inconnue.

5.1.4 L’incertitude totale d'un mesurage est une combinaison d’un certain nombre de
composantes d'incertitude. Méme la lecture d’un seul appareil de mesure peut étre influencée
par plusieurs facteurs. Un examen attentif de chaque mesurage réalisé au cours d’un essai
est nécessaire pour identifier et énumérer tous les facteurs qui contribuent a l'incertitude
globale. Il s’agit d’'une étape trés importante et elle exige une bonne compréhension de
I’équipement de mesure, des principes et de la pratique de I'essai et de l'influence de
I’environnement.
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5.1.5 L'ISO/IEC GUIDE 98-3:2008 a adopté une approche qui regroupe les composantes de
I'incertitude en deux catégories fondées sur leur méthode d’évaluation, le Type A et le
Type B. Ce classement en catégories des méthodes d’évaluation, plutét que le classement
des composantes elles-mémes évite certaines ambiguités.

5.1.6 L’évaluation de Type A est effectuée par un calcul a partir d'une série d’observations
répétées, en utilisant des méthodes statistiques.

5.1.7 L’évaluation de Type B est effectuée par des moyens différents de ceux utilisés pour le
Type A. Par exemple, par un jugement a partir du Tableau 3.

Tableau 3

Dopnées des certificats d’étalonnage Cela permet d’apporter des corrections et-d’assigner des
incertitudes de Type B

Dopnées de mesurage antérieures Par exemple, il est possible de construire des
historigrammes et d’en déduire des'informations utilep
sur les variations dans le temps

Expérience ou connaissances générales Comportement et propriétés‘de,matériaux et
équipements similaires

Valeurs acceptées des constantes Associées aux matériauxjet aux grandeurs

Spegcifications du fabricant

Tolite autre information utile

5.1.8 Les incertitudes individuelles sont évaluées par la méthode appropriée et chacune |est
exprimée comme un écart-type et il y est fait référence comme a une incertitude-type.

5.2 Résumé des étapes pour I’estimation d’une incertitude

5.2.1 Identifier les facteurs qui peuvent influencer de maniére significative les valeurs
mesurées et examiner leur applicabilité. Il existe de nombreuses sources possibles |en
prdtique, les principales étant les suivantes.

a) |[La part due a I'étalonnage des appareils de mesure, y compris la part apportée par |les
normes de référence ou.J€s’normes de travail.

b) |L’erreur de température au début et a la fin de I'essai (par exemple méthode de la
résistance de bobinage).

c) |L’incertitude liée.aux charges appliquées et au mesurage qui en est fait.
d) |La vitesse dunflux d’air sur I'échantillon d’essai et I'incertitude de son mesurage.

e) |Pour lesiappareils de mesure numériques, il y a le nombre de chiffres affichés ef la
stabilite~de I'affichage au moment de la lecture. En outre, I'incertitude consignée dfun
appareil de mesure n’inclut pas nécessairement I'affichage.

f) |Lawésolution de I'appareil de mesure, les limites de graduation d’une échelle.

g) Les approximations et les hypothéses intégrées a la méthode de mesurage.

h) L’incertitude due aux procédures utilisées pour préparer I’échantillon pour I'essai et I'essai
réel.

i) Si un ordinateur est utilisé pour 'acquisition des valeurs lues provenant de l'appareil de
mesure, il existe une incertitude associée au traitement des données due aux calculs ou
aux autres manipulations qui sont réalisés dans l'ordinateur comme les conversions
d’analogique en numérique et les conversions entre nombres a virgule flottante et
nombres entiers.

j) Les valeurs arrondies des constantes et les autres paramétres utilisés pour les calculs.
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