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Publication numbering 

As from 1 January 1997 all IEC publications are issued with a designation in the 
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1. 

Consolidated editions 

The IEC is now publishing consolidated versions of its publications. For example, 
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the 
base publication incorporating amendment 1 and the base publication incorporating 
amendments 1 and 2. 

Further information on IEC publications 

The technical content of IEC publications is kept under constant review by the IEC, 
thus ensuring that the content reflects current technology. Information relating to 
this publication, including its validity, is available in the IEC Catalogue of 
publications (see below) in addition to new editions, amendments and corrigenda. 
Information on the subjects under consideration and work in progress undertaken 
by the technical committee which has prepared this publication, as well as the list 
of publications issued, is also available from the following: 

• IEC Web Site (www.iec.ch) 

• Catalogue of IEC publications 

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to 
search by a variety of criteria including text searches, technical committees 
and date of publication. On-line information is also available on recently issued 
publications, withdrawn and replaced publications, as well as corrigenda.  

• IEC Just Published  

This summary of recently issued publications (www.iec.ch/online_news/ justpub) 
is also available by email. Please contact the Customer Service Centre (see 
below) for further information. 

• Customer Service Centre 

If you have any questions regarding this publication or need further assistance, 
please contact the Customer Service Centre:  
 

Email: custserv@iec.ch 
Tel:  +41 22 919 02 11 
Fax:  +41 22 919 03 00 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
NATURAL GRAPHITE BRUSH FOR  

ROTATING ELECTRICAL MACHINERY –  
BASIC CHARACTERISTICS 

 
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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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. 

A PAS is a technical specification not fulfilling the requirements for a standard but made 
available to the public. 

IEC-PAS 62072 has been processed by IEC technical committee 2: Rotating machinery. 

The text of this PAS is based on the 
following document: 

This PAS was approved for 
publication by the P-members of the 
committee concerned as indicated in 

the following document 

Draft PAS Report on voting 

2/1301A/NP 2/1318/RVN 

 
Following publication of this PAS, which is a pre-standard publication, the technical committee 
or subcommittee concerned will transform it into an International Standard. 

This PAS shall remain valid for an initial maximum period of three years starting from  
2005-01. The validity may be extended for a single three-year period, following which it shall 
be revised to become another type of normative document or shall be withdrawn. 
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NATURAL GRAPHITE BRUSH FOR  
ROTATING ELECTRICAL MACHINERY –  

BASIC CHARACTERISTICS 
 
 

1 Scope 

This PAS applies to brushes for commutators and slip-rings in rotating electrical machinery. 

This excludes brushes of electrical appliances such as starters of automobiles and tractors, 
micro-appliances for household and tools, appliances for aeronautics and space, and others 
operating in special conditions. 

2 Normative references 

The following referenced documents are indispensable for the application 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 60276, Definitions and nomenclature for carbon brushes, brush-holders, commutators 
and slip-rings 

IEC 60413, Test procedures for determining physical properties of brush materials for 
electrical machines 

IEC 60773, Test methods and apparatus for the measurement of the operational 
characteristics of brushes 

3 Terms and definitions 

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

3.1  
NG brush material  
material, which consists of natural graphite mineral with developed crystal structure and a 
binder able to take appropriate characteristics as brush 

3.2  
NG brush  
brush for commutator and slip-ring made of NG brush material in accordance with IEC 60276, 
Clause 2 

4 Classification 

The NG brushes should be classified in accordance with 4.1 to 4.4. 

4.1    According to usage: 

a) commutator brush; 
b)  slip-ring brush. 

4.2    According to grade of rotating electrical machinery: 

a)   for d.c. electrical machine; 
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b)   for turbine generator; 
c)   for hydro generator; 
d)   for wound-rotor type asynchronous motor. 

4.3     According to voltage used: 

a) using up to 100 V; 
b) using in the range of 100 V to 500 V; 
c) using in the range of 5 00 V to 1 000 V; 
d) using in the range of 1 000 V to 3 000V. 

4.4   According to operating conditions: 

a) operating in current above 600 A; 
b) operating in peripheral velocity above 60 m/s; 

c) operating in vibrating width above 100 µm; 
d) operating in ambient temperature above +40 °C; 
e) operating in the on-off times per hour above 20; 
f) operating in normal condition. 

5 Characteristics 

5.1 Physical properties   

5.1.1 Bulk density 

The bulk density of NG brush material should be in the range of 1,2 g/cm3 to 1,4 g/cm3. 

5.1.2 Hardness 

The hardness of NG brush material should be in the range of 10 to 40 in HR 2,5/3,5. 

5.1.3 Resistivity 

The resistivity of NG brush material should be in the range of 10 µΩ·m to 80 µΩ·m for 
commutators and 6 µΩ·m to 12 µΩ·m for slip-rings. 

5.1.4 Bending strength 

The bending strength of NG brush material should be in the range of 8 MPa to 15 MPa. 

5.1.5 Ash 

The ash content in NG brush material should be up to 0,5 %. 

5.2 Operating characteristics 

5.2.1 Total voltage drop  

The total voltage drop should be in the range of 2 V to 3 V. 

5.2.2 Coefficient of friction 

The coefficient of friction should be up to 0,2. 
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5.3 Recommended operating conditions 

5.3.1 Peripheral velocity 

The peripheral velocity should be up to 90 m/s. 

5.3.2 Current density 

The current density should be in the range of 8 A/cm2 to 12,5 A/cm2. 

5.3.3 Brush pressure 

The brush pressure should be in the range of 15 kPa to 35 kPa. 

Tables 1 and 2 give basic characteristics of typical NG brushes for commutators and slip-rings 
respectively. 
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Table 1 – Basic characteristics of NG brushes in commutators 

Designation 

Bulk 
density 
g/cm3 

Average 

Hardness 
HR 

2,5/3,5 
Average 

Resistivity 
µΩ · m 

 
Average 

Bending 
strength 

MPa 
Average 

Ash 
% 
 

Max. 

Total voltage 
drop   
 V 

Average 

Coefficient 
of friction 

 
Max. 

Peripheral 
velocity 

m/s 
 Max. 

Current 
density 
A/cm2 

Average 

Brush 
pressure 

kPa 
Average 

Remark 

KPNG125 1,2-1,3 20-40 40-60 10-12 0,5 2 0,2 40 10 20-25 NOTE 1 
KPNG111 1,2-1,3 20-40 10-15 10-12 0,5 2 0,2 40 12 20-25 NOTE 2 
KPNG122 1,2-1,3 20-30 60-80 10-12 0,5 2 0,2 60 10 18-20 NOTE 3 
KPNG133 1,35 10-20 40-60 14-15 0,5 2 0,2 50 10 25-35 NOTE 4 
KPNG143 1,35 10-20 40-80 14-15 0,5 3 0,2 50 10 25-35 NOTE 5 

NOTE 1 DC motor and d.c. generator for tool machines, crane and lifter. 

NOTE 2 DC generators for coating, welding, electrolysis. 

NOTE 3 Turbine generator’s exciter, high-speed d.c. motor. 

NOTE 4 DC traction motors for trolley-bus, tram-bus and subway. 

NOTE 5 DC traction motors for electrical and internal combustion locomotive. 

 
Table 2 – Basic characteristics of NG brushes in slip-rings  

Designation 

Bulk 
density 
g/cm3 

Average 

Hardness 
HR 

2,5/3,5 
Average 

Resistivity 
µΩ · m 

 
Average 

Bending 
strength 

MPa 
Average 

Ash 
% 
 

Max. 

Total voltage 
drop 

V 
Average 

Coefficient 
of friction 

 
Max. 

Peripheral 
velocity 

m/s 
 Max. 

Current 
density 
A/cm2 

Average 

Brush 
pressure 

kPa 
Average 

Remark 

KPNG422 1,3-1,4 10-20 6-8 10-12 0,5 2-3 0,2 90 10 15-20 NOTE 1 
KPNG526 1,3-1,4 20-30 10-12 10-12 0,5 2-3 0,2 40 10 20-25 NOTE 2 
KPNG821 1,2-1,3 20-40 6-8 10-12 0,5 2 0,2 40 8 15-20 NOTE 3 

NOTE 1 Turbine generator, dipole synchronous motor. 

NOTE 2 Hydro generator, multi-pole synchronous machine. 

NOTE 3 Wound-rotor type asynchronous motor. 
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6 Test methods 

The test methods on the physical properties and the operating characteristics of NG brushes 
shall be performed in accordance with IEC 60413 and IEC 60773 respectively. 
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Annex A  
(informative) 

 
Measurements and performance characteristics 

 
Table A.1 – Measurement of characteristics and particles of NG brushes by 

international companies* 

 

Table A.2 shows the results of the operating test of the NG brushes in domestic use. 

 
Table A.2 – Performance characteristics of NG brushes in various applications 

(measurements performed by the DPR Korea) 

Brush wear 
 per 10 000 km 

mm Objects 
Number 

of 
motors 

Number 
of 

brushes 

Period 
of  test 

h 

Running 
distance 

km 
Initial Middle Last 

Wear of 
commu-

tator  
Spark 

Vt 

 

m/s 

JB 

 

A/cm2 

PB 

 

kPa 

6 48 6 000 80 000 1,4 1,2 1,04 Not nearly No Traction 
motor  6 48 6 000 60 000 1,7 1,4 0,9 Not nearly No 

20-30 6-10 3 

 

 

Objects 
Number 

of 
machines 

Number 
of 

brushes 

Period of  
test 

h 

Brush wear 
per  

1 000 km 

mm 

Wear of 
slip-ring  Spark 

Vt 

 

m/s 

JB 

 

A/cm2 

PB 

 

kPa 

20 400 30000 0,66 Not nearly No Wound-rotor type 
asynchronous motor 300 5 000 30000 1,16 Not nearly No 

10-35 5-8 1,5-2 

High-speed turbine 
generator 10 960 4000 7,5 Not nearly No 90 10 1,5-2 

 
 

————————— 
*  This information is given for the convenience of users of this PAS and does not constitute an endorsement by IEC. 

No Companies Date Contents 

1 SGL carbon group  
(France) 

2001.09.21 

2002.11.21 
Section photograph 

Measurement of characteristic value 

2 
Schunkkohlenstofftechnik 

GmbH 
(Germany) 

 

1994.05.30 
Crystal structure 

Measurement of characteristic value 

3 Graphit Kropfmühl 
(Germany) 

2002.07.12 

2003.11.27 

Analysed raw material contents 

 

4 ARP, Leoben 
(Austria) 1994.02.23 Measurement of graphite particle size 

5 Toyo carbon corporation 
(Japan) 1996.06.13 Measurement of characteristic value 
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Annex B  
(informative) 

 
Manufacture process of the different brushes 

 

Pulverizing 

Sieving 

Combining 

Mixing 

Combining 

Mixing Forming

Baking 

Pulverizing 

Mixing

Pulverizing Pulverizing 

Forming Forming

Baking 

Graphitizing Graphitizing

Impregnating 

Rebaking 

Impregnating

Rebaking 

Baking 

Sieving 

Mixing 

Pulverizing 

Sieving 

Pressing 

Baking 

Graphitizing

Tar, pitch 

Tar, pitch Tar, pitch 

Tar, pitch 

Coke Carbon black Natural graphite mineral 

Carbon grade Coke-EG grade Black-EG grade NG grade 

Binder 

              

Figure B.1 – Diagram of manufacture process 
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Annex C   
 (informative) 

 
Comparison of physical properties 

 
Table C.1 shows the physical properties of NG brush material in comparison with others.  

 
Table C.1 – Comparison of physical properties of NG brush material 

            Designation 

Parameter 

DPR of KOREA 

KPNG120 

USA 

634 

Germany 

F22 

Bulk density 
g/cm3 1,20 1,28 1,25 

Resistivity 
µΩ ּm 18 25 25 

Bending strength 
MPa 8,0 5,2 4,0 

Hardness 
HS 22 16 – 
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Annex D  
(informative) 

 
Environmental pollution 

 
 
 

 
Wear in operating                          Gas amount emitted (CmHn, CO, CO2, H2) 
   (a month)                       in manufacturing                                       
                     62g (CuO, CuO2)  
 
 
 
 
 
 
 
                                          8g (black) 
                                                        5g 
                 
                                 0,21g 
 
 

                   MG   KPNG  EG   KPNG   Grades             Coke-EG  Black-EG   KPNG    Grade 
          821             133 

 
Figure D.1 − Environmental pollution of the different brushes 

 

______________ 
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Q1 Please report on ONE STANDARD  and
ONE STANDARD ONLY . Enter the exact
number of the standard: (e.g. 60601-1-1)

.............................................................

Q2 Please tell us in what capacity(ies) you
bought the standard (tick all that apply).
I am the/a:

purchasing agent R

librarian R

researcher R

design engineer R

safety engineer R

testing engineer R

marketing specialist R

other.....................................................

Q3 I work for/in/as a:
(tick all that apply)

manufacturing R

consultant R

government R

test/certification facility R

public utility R

education R

military R

other.....................................................

Q4  This standard will be used for:
(tick all that apply)

general reference R

product research R

product design/development R

specifications R

tenders R

quality assessment R

certification R

technical documentation R

thesis R

manufacturing R

other.....................................................

Q5 This standard meets my needs:
(tick one)

not at all R

nearly R

fairly well R

exactly R

Q6 If you ticked NOT AT ALL in Question 5
the reason is: (tick all that apply)

standard is out of date R

standard is incomplete R

standard is too academic R

standard is too superficial R

title is misleading R

I made the wrong choice R

other ....................................................

Q7 Please assess the standard in the
following categories, using
the numbers:
(1) unacceptable,
(2) below average,
(3) average,
(4) above average,
(5) exceptional,
(6) not applicable 

timeliness .............................................
quality of writing....................................
technical contents.................................
logic of arrangement of contents ..........
tables, charts, graphs, figures ...............
other ....................................................

Q8 I read/use the: (tick one)

French text only R

English text only R

both English and French texts R

Q9 Please share any comment on any
aspect of the IEC that you would like
us to know:

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................

............................................................
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