
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TR 61000-1-9 
Edition 1.0 2024-03 

TECHNICAL 
REPORT 
 

Electromagnetic compatibility (EMC) – 
Part 1-9: General – Evaluation of uncertainty for the measurement of harmonic 
current emissions 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 33.100.10; 33.100.01  

 

ISBN 978-2-8322-8282-3 
 

® Registered trademark of the International Electrotechnical Commission 

® 
 

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

  



 – 2 – IEC TR 61000-1-9:2024 © IEC 2024 

CONTENTS 

FOREWORD ........................................................................................................................... 3 
INTRODUCTION ..................................................................................................................... 5 
1 Scope .............................................................................................................................. 6 
2 Normative references ...................................................................................................... 6 
3 Terms and definitions ...................................................................................................... 7 
4 Uncertainty evaluation for harmonic emissions tests in IEC 61000-3-2 and 

IEC 61000-3-12 ............................................................................................................... 7 
4.1 Methodology ........................................................................................................... 7 
4.2 Measurement model................................................................................................ 8 
4.3 Uncertainty components for worst-case scenario .................................................... 9 

4.3.1 Method ............................................................................................................ 9 
4.3.2 Current measurement equipment ..................................................................... 9 
4.3.3 Input impedance of the current measurement equipment ................................. 9 
4.3.4 Test voltage RMS value ................................................................................. 10 
4.3.5 Harmonic distortion of the test voltage ........................................................... 10 
4.3.6 Loading effect of the voltmeter....................................................................... 11 

4.4 Uncertainty budget for Class A harmonic 5 ........................................................... 11 
5 Uncertainty budget for typical measurement data .......................................................... 12 

5.1 General ................................................................................................................. 12 
5.2 Current measurement equipment .......................................................................... 12 
5.3 Input impedance of the measurement equipment .................................................. 13 
5.4 Test voltage RMS value ........................................................................................ 13 
5.5 Harmonic distortion of the test voltage .................................................................. 14 
5.6 Loading effect of the voltmeter .............................................................................. 14 

6 Measurement uncertainty supporting conformity decisions ............................................. 15 
Annex A (informative)  Worst-case uncertainty budgets for various EUT classes of 

tests and selected harmonics ........................................................................................ 16 
Bibliography .......................................................................................................................... 23 
 
Figure 1 – Measurement circuit for single-phase equipment .................................................... 8 
 
Table 1 – Worst-case uncertainty budget for Class A, Harmonic 5 ........................................ 11 
Table A.1 – Worst-case uncertainty budget for Class A, Harmonic 5 ..................................... 16 
Table A.2 – Worst-case uncertainty budget for Class A, Harmonic 6 ..................................... 17 
Table A.3 – Worst-case uncertainty budget for Class A, Harmonic15 .................................... 17 
Table A.4 – Worst-case uncertainty budget for Class A, Harmonic 40 ................................... 18 
Table A.5 – Worst-case uncertainty budget for Class C, Harmonic 3 ..................................... 18 
Table A.6 – Worst-case uncertainty budget for Class C, Harmonic 5 ..................................... 19 
Table A.7 – Worst-case uncertainty budget for Class C, Harmonic 11 ................................... 20 
Table A.8 – Worst-case uncertainty budget for Class D, Harmonic 3 ..................................... 21 
Table A.9 – Worst-case uncertainty budget for Class D, Harmonic 11 ................................... 22 

 

  



IEC TR 61000-1-9:2024 © IEC 2024 – 3 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ELECTROMAGNETIC COMPATIBILITY (EMC) –  

 
Part 1-9: General – Evaluation of uncertainty for  
the measurement of harmonic current emissions 

 
FOREWORD 

1) 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. 

2) 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.  

3) 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. 

4) 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. 

5) 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. 

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

7) 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.  

8) 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. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC TR 61000-1-9 has been prepared by subcommittee 77A: EMC - Low frequency phenomena, 
of IEC technical committee 77: Electromagnetic compatibility. It is a Technical Report. 

The text of this Technical Report is based on the following documents: 

Draft Report on voting 

77A/1194/DTR 77A/1204/RVDTR 

 
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 Technical Report is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed 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 developed by IEC are 
described in greater detail at www.iec.ch/publications. 

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

This document contains attached files in the form of a spreadsheet. These files are intended to 
be used as a complement and do not form an integral part of the document.  

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 

 

  

https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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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 levels 
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).  

The purpose of this document is to help testing laboratories that operate in accordance with 
ISO/IEC 17025 to evaluate measurement uncertainty of harmonic current emission tests for 
IEC 61000-3-2 and IEC 61000-3-12. 

The document contains practical formulae that enable uncertainty calculations in accordance 
with ISO/IEC Guide 98-3 (GUM).  

The tables in this document provide examples relating to a worst-case scenario when the 
measurement equipment introduces maximum permissible errors, as specified in IEC 61000-4-7 
and IEC 61000-3-2 and the combination of fundamental and harmonic currents drawn by the 
equipment under test (EUT) is least favourable.  

Furthermore the detailed formulae, linking the uncertainty contribution with the corresponding 
source of uncertainty, allow the user of the document to calculate measurement uncertainties 
based on their own measurement data. Typically, these uncertainties would be significantly 
lower than the worst-case uncertainties.  
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ELECTROMAGNETIC COMPATIBILITY (EMC) –  
 

Part 1-9: General – Evaluation of uncertainty for  
the measurement of harmonic current emissions 

 
 
 

1 Scope 

This document provides examples for the evaluation of measurement uncertainty of harmonic 
emission tests performed using IEC 61000-3-2 and IEC 61000-3-12, and their application to the 
relevant conformity decisions. It also contains practical formulae to enable calculations in 
accordance with ISO/IEC Guide 98-3 (GUM).  

2 Normative references  

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

IEC 61000-3-2:2018, Electromagnetic compatibility (EMC) – Part 3-2: Limits – Limits for 
harmonic current emissions (equipment input current ≤16 A per phase)  
IEC 61000-3-2:2018/AMD1:2020 

IEC 61000-3-12, Electromagnetic Compatibility (EMC) – Part 3-12: Limits – Limits for harmonic 
currents produced by equipment connected to public low-voltage systems with input 
current >16 A and ≤75 A per phase 

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) – Part 4-7: Testing and 
measurement techniques – General guide on harmonics and interharmonics measurements and 
instrumentation, for power supply systems and equipment connected thereto  
IEC 61000-4-7:2002/AMD1:2008 

IEC GUIDE 115, Application of uncertainty of measurement to conformity assessment activities 
in the electrotechnical sector 

ISO/IEC 17025:2017, General requirements for the competence of testing and calibration 
laboratories 

ISO/IEC GUIDE 98-3, Uncertainty of measurement – Part 3: Guide to the expression of 
uncertainty in measurement (GUM:1995) 

ISO/IEC GUIDE 99, International vocabulary of metrology – Basic and general concepts and 
associated terms (VIM) 

JCGM 106:2012, Evaluation of measurement data – The role of measurement uncertainty in 
conformity assessment 




