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ROTATING ELECTRICAL MACHINERY –  

 
Natural  graphite brush  for sl ip-ring  in  wound   

rotor-type induction  motor – Appl ication  information  
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ica l  commi ttees  ( I EC  Nati onal  Commi ttees).  The  ob j ect  of I EC  i s  to  promote  i n ternational  
co-operati on  on  a l l  q uesti ons  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l d s .  To  th i s  end  and  i n  
add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternational  S tandards,  Techn ica l  Speci fi cati ons ,  Techn ical  Reports,  
Publ i cl y Ava i l ab l e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  Pub l i cati on (s)” ) .  Thei r 
preparati on  i s  en trusted  to  techn ica l  commi ttees;  any I EC  National  Commi ttee  i n terested  i n  the  subject  d ea l t  wi th  
may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non-governmen tal  organ izati ons  l i a i s i ng  
wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y wi th  the  I n ternational  Organ i zati on  for 
S tandard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  d eterm ined  by ag reemen t between  the  two  organ i zati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ica l  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonab le  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is i n terpretati on  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Pub l i cati ons  
transparen tl y to  the  maximum  exten t  possi b l e  i n  the i r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  between  
any I EC  Publ i cati on  and  the  correspond ing  nati onal  or reg i onal  publ i cati on  sha l l  be  cl earl y i nd i cated  i n  the  l a tter.  

5)  I EC  i tsel f does  not  provi de  any attestati on  of con form i ty.  I n dependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  i n j u ry,  property damage  or 
other d amage  of any natu re  whatsoever,  whether d i rect or i nd i rect,  or for costs  ( i ncl ud i ng  l ega l  fees)  and  expenses  
ari s i ng  ou t  of the  publ i cati on ,  u se  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  Publ i cati ons.   

8 )  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  pub l i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of paten t 
ri gh ts .  I EC  sha l l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  Techn ical  Report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  i s  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 63021 ,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC  techn ical  commi ttee  2 :  
Rotating  mach inery.  

The  text of th is  Techn ical  Report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

2 /1 794/DTR 2 /1 823A/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th i s  Techn ical  Report can  be  found  i n  the  report 
on  voting  ind icated  in  the  above  table.  

Th is  document has  been  d rafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

International  Electrotechnical  Commission
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The  commi ttee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  related  to  
the  speci fic document.  At th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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I NTRODUCTION  

Th is  Techn ical  Report has  been  prepared  after considering  impl ications  of the  wi thdrawal  of 
I EC  PAS  62072:2005  and  i ts  potentia l  conversion  in to  an  I n ternational  Standard ,  and  after 
analysing  practical  i n formation  obtained  through  the  appl ication  of natural  g raph i te  (NG)  brush  
for s l ip-ring  i n  wound-rotor type  induction  motor,  compared  wi th  copper brush .  

Practical  values  obtained  through  the  appl ication  of NG-brushes  i n to  s l ip-rings  in  various  kinds  
of wound  rotor-type  induction  motor are  g iven  i n  Annex A.  
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ROTATING ELECTRICAL MACHINERY –  
 

Natural  graphite brush  for sl ip-ring  in  wound   
rotor-type induction  motor – Appl ication  information  

 
 
 

1  Scope 

Th is  document presents  techn ical  characteristics,  appl ication  resu l ts  and  practical  i n formation  
on  NG-brush  for s l ip-ri ng  obtained  th rough  the  appl ication  of NG-brush  i n  various  kinds  of 
wound  rotor-type  i nduction  motor ( large-size  water pump,  bel t  conveyer,  l i ft,  winder motor,  
g rind ing  m i l l  and  crusher i n  coal  or ore  m ine;  crane,  rol l i ng  m i l l ,  compressor and  winder motor for 
boring  i n  oi l  or gas  faci l i ty) .  

2  Normative references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some  or a l l  of thei r con ten t 
consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  
For undated  references,  the  latest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC  6041 3 ,  Test procedures for determining physical properties of brush materials for electrical 

machines 

I EC  60773,  Test methods and apparatus for measurement of the operational characteristics of 

brushes 

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i tions  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC  Electroped ia:  avai lable  at h ttp: //www.electroped ia.org / 

•  I SO  On l ine  browsing  p latform:  avai lable  at h ttp: //www. iso.org/obp  

3.1   
fi re-spark 
g l i ttering  phenomenon  observed  macroscopical ly between  the  brush  and  s l ip-ring  du ring  the  
operation  of a  wound  rotor-type  induction  motor 

3.2   
l i fe  
cri tical  time  s ince  the  brushes  have  been  i nstal led  i n to  the  wound  rotor-type  induction  motor 
and  started  to  operate  un ti l  the  brush  and  the  s l ip-ri ng  can  no  longer contribute  to  the  motor’s  
operation  

3.3   
dust d i ffusion  
phenomenon  whereby fi ne  powders,  caused  by wear of the  brush ,  d i ffuse  in  a i r du ring  the  
operation  of a  wound  rotor-type  i nduction  motor 
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3.4  
noise  
acoustic s ignal  of h igh  i n tensi ty caused  between  the  brush  and  s l ip-ring  among  the  acoustic 
s ignals  of several  wavelengths  made  during  the  operation  of a  wound  rotor-type  i nduction  
motor 

3.5   
vibration  absorbing  abi l i ty 
abi l i ty of the  brush  to  absorb  or decrease  e lectromagnetic and  mechan ical  vibrations  caused  
during  the  operation  of a  wound  rotor-type  i nduction  motor 

4 General  remarks  

General l y,  i t  i s  trad i ti onal  to  use  the  metal  g rade  brush  i nclud ing  copper brush  for the  wound  
rotor-type  i nduction  motor.  

The  metal  g rade  brush ,  i nclud ing  copper brushes,  can  usual ly damage  the  s l ip-ring  by the  
fi re-spark du ring  operation .  The  dust generated  by the  wear of the  copper brush  can  be  the  
cause  of acciden ts  and  a lso  con taminates  the  envi ronment.  Compared  wi th  the  formerly used  
copper brush ,  the  NG-brush  shows h igh  operating  characteristics  when  i t  i s  used  for the  
s l i p-ring  of a  wound  rotor-type  i nduction  motor.  There  i s  nearly no  fi re-spark between  the  
NG-brush  and  s l i p-ring  and  no  envi ronmental  pol l u tion  due  to  reduced  wear.  I t  a l so  has  
su fficien t abi l i ty of e lectromotion .  

Table  1  shows  the  s ize  and  quan ti ty of typical  NG-brushes  that are  used  for wound  rotor-type  
i nduction  motors  of various  powers.  

Table  1  – Typical  kinds  of brushes  

No.  Denomination  S ize  Quanti ty  
(for a  motor)  

Power 

  mm   kW 

1  motor for e l evator  25×32×60  36  1 80  

2  motor for compressor 25×32×60  9  to  1 8  75  

3  motor for wi nder 25×32×60  9  to  1 8  250  

4  motor for bori ng  25×32×60  6  to  36  1  600  to  3  000  

5  motor for g ri nd i ng  m i l l  25×32×60  1 8  1 20  to  250  

6  motor for crusher 25×32×60  1 8  1 20  to  250  

 

5 General  condi tions  of brush  and  sl ip-ring  for stabi l i ty in  the  operation  of a  
wound  rotor-type induction  motor 

5.1  Fi re-spark 

Fire-spark causes  damage  to  the  surface  of the  s l ip-ring .  I n  severe  cond i tions,  i t  bu rsts  ou t and  
becomes  the  cause  of accidents  or explosions.  

5.2  Li fe  

The  l i fe  of the  brush  and  the  sl ip-ring  are  the  main  cond i tions  for the  motor’s  normal  operation .  
The  l i fe  of the  brush  i s  decided  by i ts  wear.  The  l i fe  of the  s l i p-ring  i s  a lso  mutual ly re lated  to  
the  physical  characteristics  of the  brush .  
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5.3  Temperature  

The  proper temperature  of the  brush  i s  a  function  of the  brush  curren t densi ty,  the  coefficien t of 
friction  and  the  a i r fl ow in  the  area  of the  brush  and  sl ip-ring .   

5.4 Dust d i ffusion  

The  dust caused  by the  wear of the  brush  l owers  the  i nsu lation  resistance  of the  motor wind ing  
and  con taminates  the  atmosphere  around  the  motor.  Dust d i ffusion  can  be  characterized  by the  
wear of brush .  

5.5  Noise  

The  rotor vibration  can  be  control led  wi th  the  vibration  absorbing  abi l i ty of the  brush .  
The  vibration  absorbing  abi l i ty i s  mutual ly related  to  the  bu lk densi ty of brush .  

6 Operating  characteristics  of natural  graphi te  brush  for sl ip-ring  in  a  wound  
rotor-type induction  motor 

6.1  Current density 

Natural  g raph i te  brush  for s l i p-ring  i n  a  wound  rotor-type  induction  motor i s  th ree  to  four times  
l i gh ter than  copper brush .  

Table  2  – NG-brush ’s  bu lk densi ty,  electric  resistivi ty and  current density 
compared  with  the  copper brush  

Property NG-brush  Copper brush  

Bu lk densi ty,  g /cm3  1 , 35  4 , 5  to  5 , 5  

E l ectri c  res i sti vi ty,  µΩm 5  to1 5  0 , 05  to  3  

Cu rren t  densi ty,  A/cm2  5  to  25  1 0  to  25  

 

Table  2  shows  that the  e lectric resisti vi ty of the  NG-brush  i s  1 00  times  h igher than  that of the  
copper brush ,  bu t that the  curren t densi ty i s  nearly equal .  

6.2  Vibration  absorbing  abi l i ty 

The  h igher the  porosi ty and  the  l ower the  friction  coefficien t of the  brush ,  the  more  the  vibration  
caused  by the  operation  of the  wound  rotor-type  i nduction  motor decreases.  See  Table  3 .  

Table  3  – Comparison  of properties  for the  assessment of vibration  absorbing  abi l i ty 

Property NG-brush  Copper brush  

Porosi ty,  %  43  1  to  2  

Fri cti on  coeffi ci en t 0 , 1 2  2  

 

Since  the  coefficien t of fri ction  of the  NG-brush  i s  1 6  times  l ower than  that of the  copper brush  
and  i ts  porosi ty i s  43  times  h igher than  that of the  copper brush ,  the  NG-brush  has  the  h igher 
vibration  absorbing  abi l i ty.   

6.3  Temperature 

Permissible  temperature  of NG-brush  during  i ts  operation  i s  80  ℃ .  
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6.4 Brush ’s  pressure 

Copper brush ’s  pressure  i s  usual ly above  20  kPa  to  40  kPa.  NG-brush ,  however,  has  
characteristics  su fficien t to  operate  in  a  range  of 9  kPa  to  1 0  kPa.  

7  Testing  method  

The  test method  on  the  physical  properties  and  operating  characteristics  of NG-brush  i s  
performed  i n  accordance  wi th  I EC  6041 3  and  I EC 60773.  

8  Appl ication  resu lt 

8.1  Fi re-spark 

There’s  nearly no  fi re-spark between  brush  and  s l ip-ring ,  because  of the  l i gh ter weigh t and  
cu rren t densi ty of NG-brush .  

8.2  Wear and  l i fe  of brush  

Table  4  – Wear and  l i fe  of brush  

Brush ’s  weight  before  testing  

(g )  

Brush ’s  wear after testing  

(g )  

Li fe  

(year)  
Testing  period  

(h )  
copper NG  copper NG  copper NG  

288  64 , 8  22 , 5  0 , 6  0 , 8  ≥  1 0  1  000  

 

Based  on  the  consideration  of the  brush ’s  l i fe  (see  Table  4  and  Annex A)  when  using  the  
NG-brush  i n  several  un i ts,  i t  was  evaluated  that the  l i fe  of NG-brush  i s  above  36  months  under 
very unfavourable  cond i tions  and  about 360  months  (when  operating  for 1 0  h  per day)  under 
normal  cond i tions.   

NOTE  The  un favourabl e  cond i ti ons  i ncl ude  re l a ti ve  hum id i ty of more  than  80  % ,  on -off times  per hou r above  20 ,  
vibrati ng  wi d th  above  1 00  µm  and  ambien t  temperatu re  above  +40  °C.   

8.3  Li fe  of s l ip-ring  

The  s l ip-ring ’s  surface  using  NG-brush  i s  fi ne  and  i ts  colour i s  a  b i t  maroon-copper.  

As  NG-brush  has  proper hardness  and  bend ing  strength  and  does  not show any fi re-spark 
during  operation ,  the  sl i p-ring ’s  surface  does  not get mol ten ,  damaged  and  scratched .  
Therefore,  i t  i s  considered  that there’s  nearly no  damage  by NG-brush  (see  Annex A).  

8.4 Environmental  pol lution   

8 .4.1  Dust d i ffusion  by wear of brush  

Table  5  shows  dust d i ffusion  evaluated  by the  wear of NG-brush  and  copper brush .   

Table  5  – Comparison  of wear of NG-brush  and  copper brush  

Denomination  

Total  wear per 1  000  h  
g  

NG-brush  Copper brush  

Escalator motor (36  brushes  per un i t)  21 , 6  750  

NOTE  The  wear i s  the  same  as  the  other wound  rotor-type  i nducti on  motor.  
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As  shown  in  Table  5,  copper brush  generates  up  to  34,7  times  more  dust than  NG-brush  does.  
Th is  dust con taminates  the  envi ronment of the  area  or causes  a  short-ci rcu i t  by en tering  the  
gaps  in  the  su rround ing  assembl ies.  

The  wear of NG-brush  i s  extremely l ow and  th is  smal l  amount of dust becomes  a  protection  fi lm  
for the  su rface  of the  s l ip-ri ng .  Therefore  there  i s  nearly no  dust that fl ies  i n  the  a i r.  

8.4.2  Pol lution  by noise  

I n  comparing  NG-brush  wi th  copper brush  during  operating  the  wound  rotor-type  i nduction  
motor,  there  was  far l ess  noise  i n  motors  using  the  NG-brush .    

As  the  s l ip-ring ’s  brush  made  from  NG-material  has  l ess  fi re-spark,  noise  and  dust,  i t  i s  
considered  that i t  satisfies  the  requ i rements  of I EC  61 000-4-2 : 2001 ,  I EC  61 000-6-2: 1 997  and  
I SO  1 4031 : 1 999.  

8.5 Economic profi t  

8 .5.1  Brush  price  

As there  are  no  copper powders  used  i n  NG-brush ,  i t  i s  remarkably cheaper than  copper brush .  

8.5.2  Brush  l i fe  

Because  NG-brush  i s  several  times  as  long  as  copper brush ’s  l i fe,  the  operational  expense  i s  
remarkably l ower than  copper brush .  

8.5.3  No  accident due  to  dust d i ffusion  and  s l ip-ring’s  l i fe  

Because  the  s l i p-ring  i s  not damaged  and  insu lation  resistance  of the  wind ing  does  not fa l l ,  the  
main tenance  cycle  of the  motor i s  l ong .  
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Annex A 
( informative)  

 
Data from practical  appl ication  

Practical  values  obtained  through  the  appl ication  of NG-brushes  i n to  s l i p-rings  in  various  kinds  
of wound  rotor-type  induction  motor are  g iven  i n  Table  A. 1 .  

Table  A. 1  shows  some  resu l ts  among  the  resu l ts  of more  than  1  000.  

Table  A.1  – Data  from  practical  appl ication  

Equ ipment 

I n troduction  period  Properti es  considered  

from  to  
total  

operating  
time  

wear of 
brush  

wear of 
s l ip-ri ng  

fi re-spark 

   h  mm  mm   

Compressor 

75  kW 
201 4/7/24  201 4/8/26  324  

0 , 08  to  
0 , 1 25  

no  no  

Winder 

250  kW 
201 4/4/1 0  201 4/4/30  480  0 , 3  no  no  

Winder 

350  kW 
2004/1  201 4/5  30  000  1 2  0 , 1  no  

Pump 

1 25  kW 
2009/3  201 4/3  1 5  000  3  0 , 05  no  

Bori ng  mach i ne  

1  600  kW 
201 1 /7/7  201 2/2/8  2   1 60  1  no  no  

Bori ng  mach i ne  

3  000  kW 
201 2/1 /21  201 2 /4/1 1  1  920  2  no  no  

Bori ng  mach i ne  

3  000  kW 
201 2/5  201 2/8  1  700  1  no  no  

Bori ng  mach i ne  201 2/5  201 2/9  1  800  1  no  no  

NOTE  Tabl e  A. 1  shows  the  resu l ts  tested  under the  un favou rabl e  cond i ti ons  i n d i cated  i n  the  
note  i n  8 . 2 .  
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