IEC/TR 61000-1-6:2012(E)

IEC/TR 61000-1-6

Edition 1.0 2012-07

TECHNICAL
REPORT

colour
inside

BASIC EMC PUBLICATION

Electromagnetic compatibility (EMC) —
Part 1-6: General — Guide to the assessment of measurement uncertainty




IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2012 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch
www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you to find IEC publications
by a variety of criteria (reference number, text, technical
committee,...).

It also gives information on projects, replaced and
withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available on-line and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing more than 30 000 terms and
definitions in English and French, with equivalent terms in
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) on-line.

Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication
or need further assistance, please contact the
Customer Service Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch

IEC/TR 61000-1-6

Edition 1.0 2012-07

TECHNICAL
REPORT

colour
inside

BASIC EMC PUBLICATION
Electromagnetic compatibility (EMC) —
Part 1-6: General — Guide to the assessment of measurement uncertainty
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION PRICE CODE X B
ICS 33.100 ISBN 978-2-83220-204-3

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- TR 61000-1-6 © IEC:2012(E)

CONTENTS

L@ T T @ T I 4
1NN I 4 75 1 L@ N 1 PPN 6
S Yol o] o1 PP 7
2 NOIMALIVE FEIEIEINCES e e 7
3 Terms, definitions, symbols and abbreviations............cc.cooiii i, 8
3.1 Terms and definitiONS ... i 8

B2 SYMBOIS e 14

3.3 ADDIEVIALIONS e e 15

A GNEIAL et 16
R @ V7= Y= PP 16

4.2 Classification of uncertainty contributionS.........cccviiiiiiiii e 16

4.3 Limitations of the GUM ... e 17

N 1 o T o] = 18

5 Measurement uncertainty budget development ....... ..o 20
L O = 7 T T (=Y 1 20

5.2 Probability density fUNCLIONS ... ... e 24
5.2.1  RECIANQUIAK ..ttt e e e e 24

5.2.2  THANGQUIAT .. e 26

B.2.3  GAUSSIAN ce ittt 28

B.2.4  U-SRaPE ciiiiiiece 32

5.3 Concept of Type A and Type B evaluation of uncertainty ............c.ccooiiiiiiiiininnanne. 35
5.3.1 General CONSIAEratioNS . ... ciuuiiiiiiiiii e e 35

5.3.2 Type A evaluation of standard uncertainty ..........c..cooooiiiiiiiiin 36

5.3.3 Type B evaluation of standard uncertainty ...........c.cooooviiiiii i, 40

5.4 SampPling StatiSTICS ..uueiie i 42
5.4.1 General CoNSIderationsS ... ...c..iiuiiuiiiiii e 42

5.4.2 Sample mean and sample standard deviation...............coccoeiiiiiiinn e, 42

5.4.3 Sample coefficient of variation ... 43

5.4.4 Limits of sample-statistical confidence intervals............c.ccooiiiiiiiiininenn. 43

5.4.5 Sampling distribution and sampling statistics of mean value ...................... 44

5.4.6 Sampling distribution and sampling statistics of standard deviation ........... 47

5.5 Conversion from linear quantities to decibel and vice versa...........ccccocevvviieinennnn. 49
5.5.1 General coNSIderationsS ... ...c..oiuiiuiiiiie e 49

5.5.2 Normally distributed fluCtUAtiONS ........c.coviiii e, 49

5.5.3 Uniformly distributed flUCtUALIONS .......ccoiii e 52

6 Applicability of measurement UNCErtainty .........ovuviuiiiiiii e e eee e 52
7 Documentation of measurement uncertainty calculation.............c..coooiiii 56
Annex A (informative) Example of MU assessment for emission measurements .................. 57
Annex B (informative) Example of MU assessment for an immunity test level setting........... 64
27T o o o = Y o V2% 67

Figure 1 — Classification of uncertainty components associated with the experimental
evaluation of uncertainty in EMC testing and measure€ment ..........coovuvviieiieiieiei e eaeeas 16



TR 61000-1-6 © IEC:2012(E) -3-

Figure 2 — Classification of uncertainty components associated with site uncertainty

(e.g. reverberation chambers) ... 17
Figure 3 — EXamPIe OF G ) cuueiii e 19
Figure 4 — Impact of g(x) on interpretation Of X’ ... ... 19
Figure 5 — Estimate returned by the measurement SyStem .........ccooiiiiiiiiiiiii e, 20
Figure 6 — ReCtanguUIar P . ... ... e e 25
Lo 0T = I =Y s T 101 =Y G =I5 27
Figure 8 — Normal PDF for standardized X........c.oiiiii e 29
Figure 9 — U-Shaped PDF ... e e 33
Figure 10 — EXample Of @ CIFCUIL. ... on e 33
Figure 11 — Limits of 95 %, 99 % and 99,5 % confidence intervals for W as a function

of N for measurements using a rectilinear antenna or single-axis probe..............cc.coeviiiiinnns 46
Figure 12 — Limits of 95 %, 99 % and 99,5 % confidence intervals for A as a function

of N for measurements using a rectilinear antenna or single-axis probe .................... 47
Figure 13 — 95 % confidence intervals for Sy as a function of N for measurements

USING @ SINQIE-AXIS HEEECTON ... e e e e e e 48
Figure 14 — PDF of B for a Rayleigh distributed A at selected values of o...c.ccovvvviiiininnnnns 51

Figure 15 — Measurement uncertainty budget for a quantity to be realized in the test
P L oTo] = 1 (o] o YRR 53

Figure 16 — Relationship between measurement uncertainty budgets for a quantity to
be realized in the test laboratory and tolerances given for this quantity in the applicable

DASIC STANAANT ... e 54
Figure 17 — Situations, where and how an instrument is suitable for tests and/or
measurements as specified in the applicable basic standard with tolerances ........................ 55
Figure A.1 — Deviation of the peak detector level indication from the signal level at

receiver input for two cases, a sine-wave signal and an impulsive signal (PRF 100 Hz) ........ 60
Table 1 — Basic steps for calculating MU ... e 20
Table 2 — Expressions used to obtain standard uncertainty ..........ccoooiiiiiiiiiiii e 23
Table 3 — Examples Of CIrCUIt Parameters ..o e e e 35

Table 4 — Values of the expansion coefficient 7n(v) which transforms the standard
deviation to the Type A standard UNCEMAINTY ......oouiiiiiiiiie e e e ee e 39

Table A.1 — Radiated disturbance measurements from 1 GHz to 18 GHz in a FAR at a
(o [E3 c=X a LT =T o) HC N 1 ST 58

Table B.1 — Uncertainty budget of the radiated immunity test level (80 MHz —
L 000 MHZ) et et 65



1)

2)

3)

4)

5)

6)

7

8)

9)

—4- TR 61000-1-6 © IEC:2012(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) —

Part 1-6: General —
Guide to the assessment of measurement uncertainty

FOREWORD

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

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

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

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

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
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 or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable 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 subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61000-1-6, which is a technical report, has been prepared by the IEC technical committee
77: Electromagnetic compatibility in corporation with CISPR (International Special Committee
on Radio Interference).

It forms Part 1-6 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107, Electromagnetic compatibility — Guide to the drafting of electromagnetic
compatibility publications.



TR 61000-1-6 © IEC:2012(E) -5-

The text of this technical report is based on the following documents:

Enquiry draft Report on voting

77/397/DTR 77/409/RVC

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

A list of all the parts of the IEC 61000 series, published under the general title
Electromagnetic compatibility (EMC) can be found on the IEC website.

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

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

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication
indicates that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts, according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

Part 6: Generic standards
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as international standards
or as technical specifications or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) —

Part 1-6: General —
Guide to the assessment of measurement uncertainty

1 Scope

This part of IEC 61000 provides methods and background information for the assessment of
measurement uncertainty. It gives guidance to cover general measurement uncertainty
considerations within the IEC 61000 series.

The objectives of this Technical Report are to give advice to technical committees, product
committees and conformity assessment bodies on the development of measurement
uncertainty budgets; to allow the comparison of these budgets between laboratories that have
similar influence quantities; and to align the treatment of measurement uncertainty across the
EMC committees of the IEC.

Any contributing factor to measurement uncertainty that is mentioned within this Technical
Report shall be treated as an example: the technical committee responsible for the
preparation of a basic immunity standard is responsible for identifying the factors that
contribute to the measurement uncertainty of their basic test method.

It gives a description for

— amethod for the assessment of measurement uncertainty (MU),

— mathematical formulas for probability density functions,

— analytical assessment of statistical evaluations,

— correction of measured data,

— documentation.

This Technical Report is not intended to summarize all measurement uncertainty influence

quantities nor is it intended to define how measurement uncertainty is to be taken into
account in determining compliance with an EMC requirement.

NOTE Some of the examples given in this report are taken from IEC publications other than the IEC 61000 series
that have already implemented the evaluation procedure presented here. These examples are used to illustrate the
principles.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 161: Electro-
magnetic compatibility

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus



