
Rotating electrical machines - Test methods and apparatus for the measurement of the operational characteristics of brushes

ICS 29.160.10 SLOVENSKÁ TECHNICKÁ NORMA August 2021

STN
EN IEC 60773

Točivé elektrické stroje
Skúšobné metódy a prístroje na meranie

prevádzkových vlastností kief

35 0000

Táto norma obsahuje anglickú verziu európskej normy.
This standard includes the English version of the European Standard.

Obsahuje: EN IEC 60773:2021, IEC 60773:2021

Táto norma bola oznámená vo Vestníku ÚNMS SR . 07/21č

133181

Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky, 2021
Slovenská technická norma a technická normalizačná informácia je chránená zákonom č. 60/2018 Z. z. o technickej normalizácii.



 
 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

 
 EN IEC 60773 
  

 
 May 2021 

ICS 29.160.10     

English Version 

 Rotating electrical machines - Test methods and apparatus for 
the measurement of the operational characteristics of brushes 

(IEC 60773:2021) 

 

Machines électriques tournantes - Méthodes d'essai et 
appareils pour le mesurage des caractéristiques 

opérationnelles des balais 
(IEC 60773:2021) 

 Drehende elektrische Maschinen - Prüfverfahren und -
einrichtungen für die Messung der Betriebseigenschaften 

von Kohlebürsten 
(IEC 60773:2021) 

This European Standard was approved by CENELEC on 2021-05-12. CENELEC members are bound to comply with the CEN/CENELEC 
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration. 

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC 
Management Centre or to any CENELEC member.  

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation 
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the 
same status as the official versions. 

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the 
Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey and the United Kingdom. 

European Committee for Electrotechnical Standardization  
Comité Européen de Normalisation Electrotechnique 

Europäisches Komitee für Elektrotechnische Normung 

CEN-CENELEC Management Centre: Rue de la Science 23,  B-1040 Brussels 

© 2021 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members. 

  Ref. No. EN IEC 60773:2021 E 

 STN EN IEC 60773: 2021                                    Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



EN IEC 60773:2021 (E) 

2 

European foreword 

The text of document 2/2045/FDIS, future edition 2 of IEC 60773, prepared by IEC/TC 2 "Rotating 
machinery" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as 
EN IEC 60773:2021. 

The following dates are fixed: 

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

(dop) 2022-02-12 

• latest date by which the national standards conflicting with the 
document have to be withdrawn 

(dow) 2024-05-12 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.  

Endorsement notice 

The text of the International Standard IEC 60773:2021 was approved by CENELEC as a European 
Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards 
indicated: 

IEC 60027-4:2006 NOTE Harmonized as EN 60027-4:2007 (not modified) 

IEC 60034-1:2017 NOTE Harmonized as EN 60034-1:—1 (modified) 

ISO 4287:1997 NOTE Harmonized as EN ISO 4287:1998 (not modified) 

ISO 4287:1997/A1:2009 NOTE Harmonized as EN ISO 4287:1998/A1:2009 (not modified) 

                                                      

1 To be published. Stage at the time of publication: FprEN 60034-1:2017/prAA. 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 

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.  

NOTE 1   Where an International Publication has been modified by common modifications, indicated by (mod), 
the relevant EN/HD applies.  

NOTE 2   Up-to-date information on the latest versions of the European Standards listed in this annex is available 
here: www.cenelec.eu.  

Publication Year Title EN/HD Year 

IEC 60034-19 2014 Rotating electrical machines - Part 19: 
Specific test methods for d.c. machines on 
conventional and rectifier-fed supplies 

EN 60034-19 2014 

IEC 60136 - Dimensions of brushes and brush-holders 
for electrical machinery 

- - 

IEC 60276 2018 Carbon brushes, brush holders, 
commutators and slip-rings - Definitions and 
nomenclature 

EN IEC 60276 2019 

IEC 60356 - Dimensions for commutators and slip-rings - - 

IEC 60584-1 2013 Thermocouples - Part 1: EMF specifications 
and tolerances 

EN 60584-1 2013 

IEC 60751 2008 Industrial platinum resistance thermometers 
and platinum temperature sensors 

EN 60751 2008 

IEC/TR 61015 - Brush-holders for electrical machines. 
Guide to the measurement of the static 
thrust applied to brushes 

- - 

ISO 1190-1 1982 Copper and copper alloys; Code of 
designation; Part 1: Designation of 
materials 

- - 

ISO 3274 1996 Geometrical Product Specifications (GPS) - 
Surface texture: Profile method - Nominal 
characteristics of contact (stylus) 
instruments 

EN ISO 3274 1997 

ISO 15510 2014 Stainless steels - Chemical composition - - 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ROTATING ELECTRICAL MACHINES –  

TEST METHODS AND APPARATUS FOR THE MEASUREMENT  
OF THE OPERATIONAL CHARACTERISTICS OF BRUSHES 

 
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) 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 60773 has been prepared by IEC technical committee 2: Rotating 
machinery. 

This second edition cancels and replaces the first edition published in 1983. It constitutes a 
technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

– The clause structure has been modified on the view point of a laboratory testing procedure. 
The new sequence is as follows: test rig specification (Clause 4), general testing procedure 
(Clause 5), and specific procedure for each operational characteristic (Clauses 6 to 8). 

– A new Clause 9 has been added to introduce the black-band test for the characterisation of 
the brush grades for DC machines. 
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The text of this International Standard is based on the following documents: 

FDIS Report on voting 

2/2045/FDIS 2/2050/RVD 

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

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

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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ROTATING ELECTRICAL MACHINES –  
TEST METHODS AND APPARATUS FOR THE MEASUREMENT 

OF THE OPERATIONAL CHARACTERISTICS OF BRUSHES 

1 Scope 

This document applies to test methods for the measurement of the operational characteristics 
of brushes designed to operate on commutating and slip ring machines under specified test 
conditions. 

By extension some tests may be relevant for other kinds of sliding electrical contacts for 
electrical appliances. 

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 60034-19:2014, Rotating electrical machines – Part 19: Specific test methods for d.c. 
machines on conventional and rectifier-fed supplies 

IEC 60136, Dimensions of brushes and brush-holders for electrical machinery 

IEC 60276:2018, Carbon brushes, brush holders, commutators and slip-rings – Definitions and 
nomenclature 

IEC 60356, Dimensions for commutators and slip-rings 

IEC 60584-1:2013, Thermocouples – Part 1: EMF specifications and tolerances 

IEC 60751:2008, Industrial platinum resistance thermometers and platinum temperature 
sensors 

IEC TR 61015, Brush-holders for electrical machines. Guide to the measurement of the static 
thrust applied to brushes 

ISO 1190-1:1982, Copper and copper alloys – code of designation – Part 1: Designation of 
materials 

ISO 3274:1996, Geometrical Product Specifications (GPS) – Surface texture: Profile method – 
Nominal characteristics of contact (stylus) instruments 

ISO 15510:2014, Stainless steels – Chemical composition 

 STN EN IEC 60773: 2021 Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky


	ENIEC60773{2021}e.pdf
	Annex ZA(normative)Normative references to international publicationswith their corresponding European publications

	iec60773{ed2.0}b.pdf
	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Symbols
	3.2.1 Symbols and units
	3.2.2 Subscripts

	3.3 Abbreviated terms

	4 Test rig specification 
	4.1 Common specification 
	4.1.1 General
	4.1.2 Rings
	4.1.3 Brushes
	4.1.4 Brush holders
	4.1.5 Power supply
	4.1.6 Instrumentation

	4.2 Test rig specification for commutators
	4.2.1 General
	4.2.2 Test rings
	4.2.3 Brushes arrangement
	4.2.4 Special brush for voltage drop measurement

	4.3 Test rig specification for slip rings
	4.3.1 General
	4.3.2 Ring
	4.3.3 Brushes
	4.3.4 Configuration for DC and AC operation


	5 Test schedule and operating conditions
	5.1 General 
	5.2 Environmental conditions
	5.2.1 Laboratory environment
	5.2.2 Ambient air temperature and ring surface temperature
	5.2.3 Ambient humidity

	5.3 Operating conditions
	5.4 Test preparation and inspection
	5.4.1 General
	5.4.2 Test rig
	5.4.3 Brush-holders
	5.4.4 Test brushes
	5.4.5 Ring roughness
	5.4.6 Brush bedding
	5.4.7 Brushes measurement

	5.5 Test sequence 
	5.5.1 Test starting
	5.5.2 Test duration

	5.6 Measurements and observations
	5.6.1 General
	5.6.2 Interval between measurements
	5.6.3 Before starting a test sequence
	5.6.4 Measurements during a test sequence 
	5.6.5 Measurements after a test sequence


	6 Determination of friction coefficient
	6.1 General
	6.2 Test conditions
	6.3 Measurements
	6.3.1 General
	6.3.2 Test rig arrangement of Method a) 
	6.3.3 Test rig arrangement of Method b)

	6.4 Calculation of friction coefficient
	6.4.1 Test rig arrangement of Method a)
	6.4.2 Test rig arrangement of Method b)

	6.5 Report

	7 Determination of voltage drop
	7.1 General
	7.2 Test conditions
	7.3 Measurements
	7.3.1 General
	7.3.2 Brush total voltage drop UB
	7.3.3 Brush contact voltage drop Uc

	7.4 Calculation
	7.4.1 Brush total voltage drop UB
	7.4.2 Brush contact voltage drop Uc

	7.5 Report

	8 Determination of brush wear
	8.1 General 
	8.2 Test conditions
	8.3 Measurements
	8.4 Calculation of brush wear
	8.5 Report

	9 Determination of commutation ability of brush grades by a specific blackband test on a DC machine
	9.1 General
	9.2 Set-up
	9.3 Test procedure
	9.3.1 Preparation of the test
	9.3.2 Operating conditions and test sequence

	9.4 Black-band graph
	9.5 Interpretation
	9.5.1 General
	9.5.2 Influence of commutator skin thickness on the black-band zone
	9.5.3 Influence of brush contact resistance
	9.5.4 Estimation of mechanical contact stability deviation by comparing the black-band figures before and after longtime critical operation 


	Annex A (informative)Additional information for friction coefficient measurement 
	A.1 Details of calculation of friction coefficient by using method a) of 4.1.6.1.2
	A.2 Adjustment of strain sensor for calculation of friction coefficient by using method b) of 4.1.6.1.3
	A.2.1 General
	A.2.2 Correlation between output voltage and load
	A.2.3 Correlation between friction coefficient and load


	Annex B (informative)Black-band zone deviation cases
	B.1 Black-band zone in case of limited contact area
	B.2 Influence of brush mechanical contact instability of brush chattering on the black-band zone
	B.3 Black-band zone hysteresis between increased Ia and decreased Ia

	Annex C (informative)Test report example 
	Bibliography
	Figures
	Figure 1 – Profile and determination of height of profile elements
	Figure 2 – Forces acting on a brush
	Figure 3 – Voltage drops in a brush when in operation
	Figure 4 – Brush holder configuration
	Figure 5 – Measurement of the mechanical torque by Method a)
	Figure 6 – Brush test machine for Method b)
	Figure 7 – Test rig arrangement with a load cell
	Figure 8 – Brush contact probe application point for Uc
	Figure 9 – Thermocouples insertion position
	Figure 10 – Evaluation of contact temperature (c by interpolation
	Figure 11 – Illustration of bar grooves dimensions and preparation
	Figure 12 – Brush covering 
	Figure 13 – Brushes configuration
	Figure 14 – Control brush arrangement 
	Figure 15 – Characteristics of grooves
	Figure 16 – Test rig arrangement for DC operation with 2 brushes per polarity
	Figure 17 – Test rig arrangement for AC operation with 2 brushes
	Figure 18 – Example of friction coefficient µ graph as a function of peripheral speed νp
	Figure 19 – Example of brush total voltage drop UB graphas a function of current density JB
	Figure 20 – Example of brush wear rate WRi of brushesduring the test for a test rig with 4 brushes
	Figure 21 – Black-band test circuit configuration using DC generator and resistance load
	Figure 22 – Black-band test circuit configuration for Brondell’s loading-back method
	Figure 23 – Determination of black-band zone for a specified constant speed of rotation
	Figure 24 – Influence of commutator film thickness on the black-band zone
	Figure 25 – Comparison of black-bands for a high contact resistance brushand a low contact resistance brush in case of a motor
	Figure 26 – Comparison of black-bands for a high contact resistance brushand a low contact resistance brush in case of a generator 
	Figure 27 – Black-band figure deviation of before and after the critical operationof repetitive peak load application of 225 %, for a "strong" grade
	Figure 28 – Black-band figure deviation of before and after the critical operation of repetitive peak load application of 225 %, for a "weak" grade
	Figure A.1 – Correlation of load cell output voltage Ulc with mass m 
	Figure A.2 – Example of correlation between load and friction coefficient µ
	Figure B.1 – Limited contact area and reduction of tangential dimension at contact 
	Figure B.2 – Black-band zone in case of a limited contact area 
	Figure B.3 – Influence of brush mechanical contact instabilityof brush chattering on the black-band zone 
	Figure B.4 – Black-band zone hysteresis between increasing Iarm and decreasing Iarm 

	Table 1 – Dimensions of test brushes
	Table 2 – Test conditions

	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d’application
	2 Références normatives
	3 Termes, définitions, symboles et termes abrégés
	3.1 Termes et définitions
	3.2 Symboles
	3.2.1 Symboles et unités
	3.2.2 Indices

	3.3 Termes abrégés

	4 Spécification du banc d’essai
	4.1 Spécification commune
	4.1.1 Généralités
	4.1.2 Bagues
	4.1.3 Balais
	4.1.4 Porte-balais
	4.1.5 Alimentation électrique
	4.1.6 Instrumentation

	4.2 Spécification du banc d’essai pour les collecteurs
	4.2.1 Généralités
	4.2.2 Bagues d’essai
	4.2.3 Disposition des balais
	4.2.4 Balai spécial pour le mesurage de la chute de tension

	4.3 Spécification du banc d’essai pour les bagues
	4.3.1 Généralités
	4.3.2 Bague
	4.3.3 Balais
	4.3.4 Configuration pour un fonctionnement en courant continu et en courant alternatif


	5 Procédure d’essai et conditions de fonctionnement
	5.1 Généralités
	5.2 Conditions d’environnement
	5.2.1 Environnement du laboratoire
	5.2.2 Température de l’air ambiant et température de surface de la bague
	5.2.3 Humidité ambiante

	5.3 Conditions de fonctionnement
	5.4 Préparation de l’essai et inspection
	5.4.1 Généralités
	5.4.2 Banc d'essai
	5.4.3 Porte-balais
	5.4.4 Balais d’essai
	5.4.5 Rugosité de la bague
	5.4.6 Rodage des balais
	5.4.7 Mesurage des balais

	5.5 Séquence d'essai
	5.5.1 Début de l’essai
	5.5.2 Durée de l'essai

	5.6 Mesurages et observations
	5.6.1 Généralités
	5.6.2 Intervalle entre les mesurages
	5.6.3 Avant de commencer une séquence d'essai
	5.6.4 Mesurages pendant une séquence d’essai
	5.6.5 Mesurages après une séquence d’essai


	6 Détermination du coefficient de frottement
	6.1 Généralités
	6.2 Conditions d’essai
	6.3 Mesurages
	6.3.1 Généralités
	6.3.2 Configuration du banc d’essai pour la Méthode a)
	6.3.3 Configuration du banc d’essai pour la Méthode b)

	6.4 Calcul du coefficient de frottement
	6.4.1 Configuration du banc d’essai pour la Méthode a)
	6.4.2 Configuration du banc d’essai pour la Méthode b)

	6.5 Rapport

	7 Détermination de la chute de tension
	7.1 Généralités
	7.2 Conditions d’essai
	7.3 Mesurages
	7.3.1 Généralités
	7.3.2 Chute de tension totale du balai UB
	7.3.3 Chute de tension au contact du balai Uc

	7.4 Calcul
	7.4.1 Chute de tension totale du balai UB
	7.4.2 Chute de tension au contact du balai Uc

	7.5 Rapport

	8 Détermination de l’usure des balais
	8.1 Généralités
	8.2 Conditions d’essai
	8.3 Mesurages
	8.4 Calcul de l’usure des balais
	8.5 Rapport

	9 Détermination de la capacité de commutation des nuances de balai par un essai spécifique de bande noire sur une machine à courant continu
	9.1 Généralités
	9.2 Montage
	9.3 Procédure d'essai
	9.3.1 Préparation de l’essai
	9.3.2 Conditions de fonctionnement et séquence d’essai

	9.4 Représentation graphique de la bande noire
	9.5 Interprétation
	9.5.1 Généralités
	9.5.2 Influence de l’épaisseur de la patine (épaisse/mince) du collecteur sur la zone de bande noire
	9.5.3 Influence de la résistance de contact des balais
	9.5.4 Estimation de l’écart de stabilité du contact mécanique par comparaison des représentations graphiques de la bande noire avant et après une longue période de fonctionnement critique


	Annexe A (informative)Informations supplémentaires concernant le mesuragedu coefficient de frottement
	A.1 Détails du calcul du coefficient de frottement par la méthode a)de 4.1.6.1.2
	A.2 Ajustement du capteur de force pour le calcul du coefficient de frottementpar la méthode b) de 4.1.6.1.3
	A.2.1 Généralités
	A.2.2 Corrélation entre la tension de sortie et la charge:
	A.2.3 Corrélation entre le coefficient de frottement et la charge:


	Annexe B  (informative)Cas de déviation de la zone de bande noire
	B.1 Zone de bande noire en cas de surface de contact limitée
	B.2 Influence de l’instabilité du contact mécanique des balais, due aubroutage des balais sur la zone de bande noire
	B.3 Hystérésis de la zone de bande noire entre Ia croissant et Ia décroissant

	Annexe C (informative)Exemple de rapport d’essai
	Bibliographie
	Figures
	Figure 1 – Profil et détermination de la hauteur des éléments du profil
	Figure 2 – Forces agissant sur un balai
	Figure 3 – Chutes de tension dans un balai en service
	Figure 4 – Configuration de porte-balais
	Figure 5 – Mesurage du couple mécanique par la méthode a)
	Figure 6 – Machine pour essais de balais selon la méthode b)
	Figure 7 – Configuration de banc d’essai avec un capteur dynamométrique
	Figure 8 – Point d’application de l’électrode de contact du balai pour Uc
	Figure 9 – Position d’insertion des thermocouples
	Figure 10 – Évaluation de la température de contact (c par interpolation
	Figure 11 – Représentation des dimensions et de la préparation des rainures de lames
	Figure 12 – Recouvrement du balai
	Figure 13 – Configuration des balais
	Figure 14 – Disposition du balai de contrôle
	Figure 15 – Caractéristiques des rainures
	Figure 16 – Configuration du banc d’essai pour un fonctionnementen courant continu avec 2 balais par polarité
	Figure 17 – Configuration du banc d’essai pour un fonctionnementen courant alternatif avec 2 balais
	Figure 18 – Exemple de représentation graphique du coefficient de frottement µen fonction de la vitesse périphérique (p
	Figure 19 – Exemple de représentation graphique de la chute de tension totaledu balai UB en fonction de la densité de courant JB
	Figure 20 – Exemple de taux d'usure WRi des balais pendant l’essaipour un banc d’essai avec 4 balais
	Figure 21 – Configuration du circuit d’essai de bande noire avecune génératrice à courant continu et une charge résistive
	Figure 22 – Configuration du circuit d’essai de bande noirepour la méthode de charge en retour de Brondell
	Figure 23 – Détermination de la zone de bande noirepour une vitesse de rotation constante spécifiée
	Figure 24 – Influence de l’épaisseur de la patine du collecteursur la zone de bande noire
	Figure 25 – Comparaison des bandes noires pour un balai avec une résistancede contact élevée et un balai avec une faible résistance de contactdans le cas d'un moteur
	Figure 26 – Comparaison des bandes noires pour un balai avec une résistancede contact élevée et un balai avec une faible résistance de contactdans le cas d'une génératrice
	Figure 27 – Déviation de la représentation graphique de la bande noireavant et après un fonctionnement critique sous une charge maximaleredondante de 225 %, pour une nuance "efficace"
	Figure 28 – Déviation de la représentation graphique de la bande noireavant et après un fonctionnement critique sous une charge maximaleredondante de 225 %, pour une nuance "faible"
	Figure A.1 – Corrélation entre la tension de sortiedu capteur dynamométrique Ulc et la masse m
	Figure A.2 – Exemple de corrélation entre la charge et le coefficient de frottement µ
	Figure B.1 – Surface de contact limitée et réductionde la dimension tangentielle au contact
	Figure B.2 – Zone de bande noire en cas de surface de contact limitée
	Figure B.3 – Influence de l’instabilité du contact mécanique des balais,due au broutage des balais sur la zone de bande noire
	Figure B.4 – Hystérésis de la zone de bande noireentre Iarm croissant et Iarm décroissant 

	Tableau 1 – Dimensions des balais d'essai
	Tableau 2 – Conditions d’essai





