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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
HIGH-VOLTAGE TEST TECHNIQUES –  

 
Part 2: Measuring systems 

 
 

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 f ields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specif ications, 
Technical Reports, Publicly Available Specif ications (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. W hile 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 certif ication 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 certif ication 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) 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. 

International Standard IEC 60060-2 has been prepared by IEC technical committee 42: High-
voltage test techniques. 

This third edition of IEC 60060-2 cancels and replaces the second edition, published in 1994, 
and constitutes a technical revision. 

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

a) The general layout and text was updated and improved to make the standard easier to 
use. 

b) The standard was revised to align it with IEC 60060-1.  
c) The treatment of measurement uncertainty estimation has been expanded. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

42/281/FDIS 42/287/RVD 

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

A list of all parts of IEC 60060 series, under the general title High-voltage test techniques, 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 website under "http://webstore.iec.ch" in the data 
related to this specific publication. At this date, the publication will be: 

· reconfirmed, 

· withdrawn, 

· replaced by a revised edition, or 

· amended. 

 

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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HIGH-VOLTAGE TEST TECHNIQUES –  
 

Part 2: Measuring systems 
 
 
 

1 Scope 

This part of IEC 60060 is applicable to complete measuring systems, and to their 
components, used for the measurement of high voltages during laboratory and factory tests 
with direct voltage, alternating voltage and lightning and switching impulse voltages as 
specified in IEC 60060-1. For measurements during on-site tests see IEC 60060-3. 

The limits on uncertainties of measurements stated in this standard apply to test levels stated 
in IEC 60071-1:2006. The principles of this standard apply also to higher levels but the 
uncertainty may be greater. 

This standard: 

· defines the terms used; 

· describes methods to estimate the uncertainties of high-voltage measurements; 

· states the requirements which the measuring systems shall meet; 

· describes the methods for approving a measuring system and checking its components; 

· describes the procedures by which the user shall show that a measuring system meets the 
requirements of this standard, including the limits set for the uncertainty of measurement. 

2 Normative references 

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

IEC 60052, Voltage measurement by means of standard air gaps 

IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test requirements 

IEC 61083-1, Instruments and software used for measurement in high-voltage impulse tests – 
Part 1: Requirements for instruments  

IEC 61083-2, Digital recorders for measurement in high-voltage impulse tests – Part 2: 
Evaluation of software used for the determination of the parameters of impulse waveforms 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 
uncertainty in measurements (GUM) 

NOTE Further related standards, guides, etc. on subjects included in this International Standard are given in the 
bibliography. 

3 Terms and definitions 

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

This docum
ent is a preview

 generated by EVS


	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Measuring systems
	3.2 Components of a measuring system
	3.3 Scale factors
	3.4 Rated values
	3.5 Definitions related to dynamic behaviour
	3.6 Definitions related to uncertainty
	3.7 Definitions related to tests on measuring systems

	4 Procedures for qualification and use of measuring systems
	4.1 General principles
	4.2 Schedule of performance tests
	4.3 Schedule of performance checks
	4.4 Requirements for the record of performance
	4.5 Operating conditions
	4.6 Uncertainty

	5 Tests and test requirements for an approved measuring system and its components
	5.1 General requirements
	5.2 Calibration – Determination of the scale factor
	5.3 Linearity test
	5.4 Dynamic behaviour
	5.5 Short-term stability
	5.6 Long-term stability
	5.7 Ambient temperature effect
	5.8 Proximity effect
	5.9 Software effect
	5.10 Uncertainty calculation of the scale factor
	5.11 Uncertainty calculation of time parameter measurement (impulse voltages only)
	5.12 Interference test (transmission system and instrument for impulse voltage measurements)
	5.13 Withstand tests of converting device

	6 Measurement of direct voltage
	6.1 Requirements for an approved measuring system
	6.2 Tests on an approved measuring system
	6.3 Performance check
	6.4 Measurement of ripple amplitude

	7 Measurement of alternating voltage
	7.1 Requirements for an approved measuring system
	7.2 Tests on an approved measuring system
	7.3 Dynamic behaviour test
	7.4 Performance check

	8 Measurement of lightning impulse voltage
	8.1 Requirements for an approved measuring system
	8.2 Tests on an approved measuring system
	8.3 Performance test on measuring systems
	8.4 Dynamic behaviour test
	8.5 Performance check

	9 Measurement of switching impulse voltage
	9.1 Requirements for an approved measuring system
	9.2 Tests on an approved measuring system
	9.3 Performance test on measuring systems
	9.4 Dynamic behaviour test by comparison
	9.5 Performance check

	10 Reference measuring systems
	10.1 Requirements for reference measuring systems
	10.2 Calibration of a reference measuring system
	10.3 Interval between successive calibrations of reference measuring systems
	10.4 Use of reference measuring systems

	Annex A (informative) Uncertainty of measurement
	Annex B (informative) Examples for the calculation of measuringuncertainties in high-voltage measurements
	Annex C (informative) Step response measurements
	Annex D (informative) Convolution method for the determinationof dynamic behaviour from step response measurements
	Bibliography
	Figures
	Figure 1 – Amplitude-frequency response with examples for limit frequencies (f1: f2)
	Figure 2 – Calibration by comparison over the full voltage range
	Figure 3 – Uncertainty contributions of the calibration (example with minimum of 5 voltage levels)
	Figure 4 – Calibration by comparison over a limited voltage range, with an additional linearity test
	Figure 5 – Linearity test of the measuring system with a linear device in the extended voltage range
	Figure 6 – Shaded area for acceptable normalised amplitude-frequency responses of measuring systems intended for single fundamental frequencies fnom (to be tested in the range (1.....7) fnom)
	Figure 7 – Shaded area for acceptable normalised amplitude-frequency responses of measuring systems intended for a range of fundamental frequencies fnom1 to fnom2 (to be tested in the range fnom1 to 7 fnom2)
	Figure A.1 – Normal probability distribution p(x)
	Figure A.2 – Rectangular probability distribution p(x)
	Figure B.1 – Comparison between the system under test, X, and the reference system, N and their mean ΔT1m in the range of T1 = 0,8 us... 1.6 us
	Figure B.2 – Front time deviation ΔT1,j of system X, related to the reference system N, and their mean ΔT1m in the range of T1 = 0,8 us ... 1,6 us 
	Figure C.1 – Definitions of response parameters
	Figure C.2 – A unit-step response g(t) showing an initial distortionof initial distortion time T0
	Figure C.3 – Suitable circuits for step response measurement

	Tables
	Table 1 – Tests required for an approved direct voltage measuring system
	Table 2 – Required tests for uncertainty contributions in ripple measurement
	Table 3 – Tests required for an approved alternating voltage measuring system
	Table 4 – Tests required for an approved lightning impulse voltage measuring system
	Table 5 – Tests required for a switching impulse voltage measuring system
	Table 6 – Recommended response parametersfor impulse voltage reference measuring systems
	Table A.1 – Coverage factor k for effective degrees of freedom νeff (p = 95,45 %)
	Table A.2 – Schematic of an uncertainty budget
	Table B.1 – Result of the comparison measurement at a single voltage level
	Table B.2 – Summary of results for h = 5 voltage levels (Vxmax = 500 kV)
	Table B.3 – Uncertainty budget of the assigned scale factor Fx
	Table B.4 – Uncertainty budget of the assigned scale factor F
	Table B.5 – Calibration result for front time T1 and deviations
	Table B.6 – Uncertainty budget of the front time deviation ΔT1cal


	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	3.1 Systèmes de mesure
	3.2 Constituants d'un système de mesure
	3.3 Coefficients de conversion
	3.4 Caractéristiques assignées
	3.5 Définitions relatives au comportement dynamique
	3.6 Définitions relatives à l'incertitude
	3.7 Définitions relatives aux essais sur des systèmes de mesure

	4 Procédures de qualification et d'utilisation des systèmes de mesure
	4.1 Principes généraux
	4.2 Calendrier des essais de détermination des caractéristiques
	4.3 Calendrier des contrôles de caractéristiques
	4.4 Exigences pour le recueil de caractéristiques
	4.5 Conditions de fonctionnement
	4.6 Incertitude

	5 Essais et exigences d'essai pour un système de mesure approuvé et ses constituants
	5.1 Exigences générales
	5.2 Étalonnage – Détermination du coefficient de conversion
	5.3 Essais de linéarité
	5.4 Comportement dynamique
	5.5 Stabilité à court terme
	5.6 Stabilité à long terme
	5.7 Effet de la température ambiante
	5.8 Effet de proximité
	5.9 Effet de logiciel
	5.10 Calcul d'incertitude du coefficient de conversion
	5.11 Calcul d'incertitude de la mesure des paramètres de temps (tensions de chocs uniquement)
	5.12 Essai de perturbations (système de transmission et instrument pour les mesures de tension de choc)
	5.13 Essais de tenue du dispositif de conversion

	6 Mesure de tension continue
	6.1 Exigences pour un système de mesure approuvé
	6.2 Essais sur un système de mesure approuvé
	6.3 Contrôle des caractéristiques
	6.4 Mesure de l'amplitude de l'ondulation

	7 Mesure de tension alternative
	7.1 Exigences pour un système de mesure approuvé
	7.2 Essais sur un système de mesure approuvé
	7.3 Essai de comportement dynamique
	7.4 Contrôle des caractéristiques

	8 Mesure de tension de choc de foudre
	8.1 Exigences pour un système de mesure approuvé
	8.2 Essais sur un système de mesure approuvé
	8.3 Essais de détermination des caractéristiques sur des systèmes de mesure
	8.4 Essai de comportement dynamique
	8.5 Contrôle des caractéristiques

	9 Mesure de tension de choc de manœuvre
	9.1 Exigences pour un système de mesure approuvé
	9.2 Essais sur un système de mesure approuvé
	9.3 Essais de détermination des caractéristiques sur des systèmes de mesure
	9.4 Essai du comportement dynamique par comparaison
	9.5 Contrôle des caractéristiques

	10 Systèmes de mesure de référence
	10.1 Exigences pour les systèmes de mesure de référence
	10.2 Étalonnage d'un système de mesure de référence
	10.3 Intervalle entre les étalonnages successifs des systèmes de mesure de référence
	10.4 Utilisation des systèmes de mesure de référence

	Annexe A (informative) Incertitude de mesure
	Annexe B (informative) Exemples de calcul d'incertitudes de mesure dans des mesures de haute tension
	Annexe C (informative) Mesures de réponse indicielle
	Annexe D (informative) Méthode de convolution pour déterminer le comportement dynamique à partir des mesures de réponse indicielle
	Bibliographie
	Figures
	Figure 1 – Réponse amplitude-fréquence pour les fréquences limites (f1; f2)
	Figure 2 – Étalonnage par comparaison sur toute la gamme de tensions
	Figure 3 – Contributions d'incertitude de l'étalonnage (exemple avec un minimum de 5 niveaux de tension)
	Figure 4 – Étalonnage par comparaison sur une gamme limitée de tensions, avec un essai de linéarité supplémentaire
	Figure 5 – Essai de linéarité du système de mesure avec un dispositif linéairedans la gamme de tensions étendue
	Figure 6 – Zone ombrée de réponses amplitude-fréquence normalisées acceptables de systèmes de mesure prévus pour des fréquences fondamentales uniques fnom (à essayer dans la plage (1...7) fnom)
	Figure 7 – Zone ombrée de réponses amplitude-fréquence normalisées acceptables de systèmes de mesure prévus pour une plage de fréquences fondamentales fnom1 à fnom2 (à essayer dans la plage fnom1 à 7 fnom2)
	Figure A.1 – Distribution normale des probabilités p(x)
	Figure A.2 – Distribution rectangulaire des probabilités p(x)
	Figure B.1 – Comparaison entre le système en essai, X, et le système de référence, N
	Figure B.2 – Écarts de temps de montée ΔT1,j du système X, rapportés au système de référence N, et leur moyenne ΔT1,m dans la plage de T1 = 0,8 us ... 1,6 us
	Figure C.1b – Définitions à partir de l’intégrale de la réponse indicielle T(t)
	Figure C.1 – Définition des paramètres de réponse
	Figure C.2 –  Réponse indicielle unitaire g(t) montrant une distorsion initiale du temps de distorsion initiale T0
	Figure C.3 – Circuits appropriés à la mesure de la réponse indicielle

	Tableaux
	Tableau 1 – Essais requis pour un système de mesure de tension continue approuvé
	Tableau 2 – Essais requis pour les contributions d'incertitude dans la mesure d'ondulation
	Tableau 3 – Essais requis pour un système de mesure de tension alternative approuvé
	Tableau 4 – Essais requis pour un système de mesure approuvé de tension de choc de foudre
	Tableau 5 – Essais requis pour un système de mesure de tension de choc de manœuvre
	Tableau 6 – Paramètres de réponse recommandés pour les systèmes de mesure de référence de tension de choc
	Tableau A.1 – Facteur d'élargissement k pour les degrés de liberté réels νeff (p = 95,45 %)
	Tableau A.2 – Schéma d'un bilan d'incertitude
	Tableau B.1 – Résultat de la mesure de comparaison à un seul niveau de tension
	Tableau B.2 – Résumé des résultats pour h = 5 niveaux de tension (Vxmax = 500 kV)
	Tableau B.3 – Bilan d'incertitude du coefficient de conversion affecté Fx
	Tableau B.4 – Bilan d'incertitude du coefficient de conversion affecté F
	Tableau B.5 – Résultat d'étalonnage pour le temps de montée T1 et les écarts
	Tableau B.6 – Bilan d'incertitude de l'écart de temps de montée ΔT1cal



