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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

INTERNATIONAL SPECIAL COMMITTEE  ON  RADIO  I NTERFERENCE  

____________  

 
RADIO INTERFERENCE CHARACTERISTICS  

OF  OVERHEAD POWER LINES  
AND H IGH-VOLTAGE EQUIPMENT –  

 
Part 3:  Code of practice for m inimizing   

the  generation  of radio noise  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  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  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i bl e  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  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  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ica l  comm ittees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent  ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

CI SPR 1 8-3,  wh ich  i s  a  techn ical  report,  has  been  prepared  by CISPR subcommittee  B :  
I n terference re lating  to  i ndustria l ,  scien ti fic and  med ical  rad io-frequency apparatus,  to  other 
(heavy)  i ndustria l  equ ipment,  to  overhead  power l i nes,  to  h igh  vol tage  equ ipment and  to  
e lectric traction .  

Th is  th i rd  ed i ti on  cancels  and  replaces  the  second  ed i tion  publ ished  in  201 0.  Th is  ed i tion  
consti tu tes  a  techn ica l  revis ion .  
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Th is  ed i tion  i ncludes  the  fol l owing  s ign i fican t techn ica l  changes  wi th  respect to  the  previous  
ed i tion :  

a)  l ocal isation  system  of spark d ischarges  wh ich  m ight  con tain  frequency components  up  to   
3  GHz;  

b)  i n formation  regard ing  equations  for predeterm ination  of the  rad io  noise  l evel  from  HVDC 
overhead  power l i nes.  

The  text of th is  techn ica l  report i s  based  on  the  fol lowing  documents:  

DTR Report  on  voti ng  

CIS/B/655/DTR CIS/B/676/RVDTR 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ical  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i s t of a l l  parts  of the  CISPR 1 8  series  can  be  found  under the  general  t i tl e  Radio 
interference characteristics of overhead power lines and high-voltage equipment,  on  the  I EC 
websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  l ater on .  

 

IM PORTAN T – Th e 'col ou r in si de'  l ogo on  th e  cover page  of th i s  pu bl i cation  in d i cates  
th at  i t  con tain s  colou rs  wh ich  are  con si dered  to  be  u sefu l  for th e  correct 
u n derstan d in g  of i ts  con ten ts.  U sers  sh ou ld  th erefore prin t th i s  d ocu men t u si n g  a  
col ou r prin ter.  
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INTRODUCTION  

This  Techn ical  Report i s  the  th i rd  of a  three-part  series  deal ing  wi th  rad io  noise  generated  by 
e lectrica l  power transm ission  and  d istribu tion  faci l i ti es  (overhead  l i nes  and  substations).  I t  
con tains  recommendations  for m in im izing  the  generation  of rad io  noise  emanating  from  h igh-
vol tage  (HV)  power systems wh ich  i nclude,  bu t  are  not restricted  to,  HVAC or HVDC overhead  
power l ines,  HVAC substations  and  HVDC converter s tations,  hardware,  etc. ,  i n  order to  
promoting  protection  of rad io  reception .  

The  recommendations  g i ven  in  th is  Part  3  of the  CISPR 1 8  series  are  i n tended  to  be  a  usefu l  
a id  to  eng ineers  involved  i n  des ign ,  erection  and  main tenance  of overhead  l i nes  and  HV 
stations  and  a lso  to  anyone concerned  wi th  checking  the  rad io  noise  performance of a  l ine  to  
ensure  satisfactory protection  of rad io  reception .  I n formation  on  the  physical  phenomena  
i nvolved  i n  the  generation  of e lectromagnetic  noise  fi el ds  is  found  i n  CI SPR TR 1 8-1 .  I t  a lso  
i ncludes  the  main  properties  of such  fi e lds  and  thei r numerical  va lues.  CISPR TR 1 8-2  
con tains  recommendations  for methods  of measurement for use  on-s i te  or i n  a  l aboratory.  I t  
fu rthermore  recommends  procedures  for determ ination  of l im i ts  for the  rad io  noise  from  HV 
power systems.  

The  second  ed i tions  of CI SPR 1 8-1 ,  -2 ,  -3  underwent thorough  ed i ti on  i n  the  main tenance 
work.  The  purpose  of the  maintenance work was  to  review for update  i n  the  measurement 
cond i ti ons,  term inology,  and  the  l ateral  profi les  of rad io  noise,  etc.  Other updates  be longed  to  
the  description  of HVDC systems  and  to  the  upper edge  measurement frequency.  

The  review for th is  th i rd  ed i tion  of CISPR 1 8-3  focused  on  the  fol lowing  issues :  

a)  description  on  gap  noise  l ocating  system  involved  i n  the  expansion  of upper measuring  
frequency from  300  MHz to  3  GHz;  

b)  co l l ation  of predeterm ination  formu lae  of rad io  noise  l evel  for DC  power l i nes  involved  i n  
update  on  DC  description .  

The  CISPR 1 8  series  does  not deal  wi th  b io log ica l  effects  on  l i ving  matter or any i ssues  
re lated  to  exposure  to  electromagnetic fie l ds.  

Considering  

a)  that  the  rad iation  of e lectromagnetic  energy from  overhead  power l i nes  causes  
i n terference,  

b)  that  the  l evel  of th is  noise  may be  reduced  by the  des ign  and  l ay-out of a  l i ne,  

c)  that  when  defects  cause  unusual l y h igh  levels  of i n terference  there  i s  need  to  detect  and  
l ocate  these  fau l ts ,  

th is  document recommends  as  CODE OF  PRACTICE for m in im izing  the  generation  of rad io  
noise,  that the  l atest ed i ti on  of CI SPR Publ ication  1 8-3 ,  i ncl ud ing  amendments,  be  used  as  
gu ide  for m in im izing  the  generation  of such  noise  caused  by overhead  power l i nes.  

CISPR TR 1 8-1  describes  the  main  properties  of the  phys ical  phenomena  involved  i n  the  
production  of 1 23  d isturbing  e lectromagnetic fie lds  by overhead  l i nes  and  provides  numerical  
va lues  of such  fi e lds .  

I n  CISPR TR 1 8-2  methods  of measurement and  procedures  for determ in ing  l im i ts  of such  
rad io  1 25  i n terference  are  recommended .  

Th is  CISPR TR 1 8-3  forms  a  "Code  of Practice"  to  reduce  to  a  m in imum  the  production  of 
rad io  noise  by power l i nes  and  equ ipment.  

NOTE  The  recommendation  above  i s  based  on  CI SPR RECOMMENDATION  No.  57.  
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RADIO INTERFERENCE CHARACTERISTICS  
OF  OVERHEAD POWER LINES  

AND H IGH-VOLTAGE EQUIPMENT –  
 

Part 3:  Code of practice for m inimizing   
the  generation  of radio noise  

 
 
 

1  Scope 

This  part  of CI SPR 1 8,  wh ich  is  a  techn ical  report,  appl ies  to  rad io  noise  from  overhead  power 
l i nes  and  h i gh-vol tage  equ ipment wh ich  may cause  in terference to  rad io  reception ,  exclud ing  
the  fie l ds  from  power l i ne  carrier s i gnals .  

The  frequency range  covered  i s  0 , 1 5  MHz to  3  GHz.  

2  Normative references  

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

I EC 60050-1 61 ,  International Electrotechnical Vocabulary (IEV)  – Chapter 161 :  
Electromagnetic compatibility  

CI SPR TR 1 8-1 : __ 1 ,  Radio interference characteristics of overhead power lines and high-
voltage equipment – Part 1 :  Description of phenomena  

CI SPR TR 1 8-2: __ 2 ,  Radio interference characteristics of overhead power lines and high-
voltage equipment – Part 2:  Methods of measurement and procedure for determining limits  

I SO  IEC Gu ide  99,  International vocabulary of metrology – Basic and general concepts and 
associated terms (VIM)  

NOTE  I n formative  references  are  l i s ted  i n  the  B ib l i og raphy.  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  in  I EC  60050-1 61  and  the  
I SO IEC Gu ide  99  appl y.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at http: //www.electropedia.org/ 

•  I SO  On l ine  browsing  p latform :  avai l ab le  at http: //www.iso.org/obp 

_____________ 

1   Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  

2  Under preparati on .  Stage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-2: 201 7.  
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4 Practi cal  d esi gn  of overhead  power l i nes  and  associ ated  equi pment i n  order 
to  control  i nterference to  radi o broadcast soun d  and  tel evi si on  recepti on  

4. 1  Overvi ew 

This  clause  provides  gu idance on  the  techn iques  that may be  appl ied  during  the  des ign ,  
construction  and  operation  of h igh  vol tage  overhead  power l i nes  and  associated  equ ipment i n  
order to  keep  the  various  types  of rad io  noise  described  i n  th is  document wi th in  acceptable  
l evels .  

4. 2  Coron a on  con du ctors  

During  l i ne  design ,  consideration  shou ld  be  g i ven  to  the  geometric parameters  of the  l i ne,  i n  
order to  ensure  that rad io  noise  due  to  conductor corona  wi l l  not exceed  a  speci fi ed  
acceptable  level .  The  most importan t parameters  are  conductor d iameter and  number of 
conductors  per phase.  Other parameters  that cou ld  be  varied ,  such  as  d is tance  between  
phases,  he ight of conductors  above ground  or spacing  of sub-conductors  i n  the  bund le,  have  
a  smal ler effect.  I n  practice,  they are  usual l y determ ined  by mechan ica l  or i nsu lation  
requ i rements.  

The  quan ti tative  l aws  that determ ine  the  l evel  of rad io  noise  caused  by conductor corona  are  
d iscussed  i n  4 . 3  of CISPR TR 1 8-1 : __3,  and  i n  C lause  7 .  These  l aws  normal l y appl y to  both  
stranded  and  smooth  conductors,  s ince  the  surface  unevenness  caused  by strand ing  does  not,  
i n  general ,  substantial l y change the  noise  l evel ,  especia l l y when  conductors  are  damp or wet.  
The  existence  of scratched  or broken  strands  or deposi ts  of extraneous  substances  such  as  
d i rt or i nsects  on  the  surface,  on  the  other hand ,  may lead  to  severe  l ocal ised  corona  
d ischarges,  due  to  h igh  local  vol tage  grad ients .  Th is  may cons iderabl y i ncrease  the  noise  
l evel  of the  l i ne.  For these  reasons,  i t  i s  necessary to  avoid  damage  to  the  conductor su rface  
during  construction .  I t  shou ld  be  hand led  wi th  g reat care  i n  transportation  and  erection  and  
su i table  techn iques  shou ld  be  used  to  avoid  con tact of the  conductor wi th  the  ground  or other 
obj ects  during  s tring ing .  I t  i s  a lso  advisable  to  avoid  external  g reas ing  of the  conductor for 
protection  during  transportation  and  tension ing ;  when  the  conductor i s  l oaded ,  the  i ncrease  in  
temperature,  especia l l y i n  hot weather,  wi l l  cause  th is  grease  to  run  to  the  ou ts ide,  gathering  
d i rt and  l ead ing  to  areas  wi th  h i gh  local  grad ien t and  consequent rad io  noise.  When  the  steel  
core  or i ns ide  layers  are  greased  for corros ion  protection ,  a  type  of grease  shou ld  be  selected  
that wi l l  not  m igrate  to  the  surface  of the  conductor even  at  the  h ighest  temperature.  

4. 3  Coron a on  metal  h ardware  

Rad io  noise  due  to  corona  on  meta l  hardware,  such  as  suspension  clamps,  dead-end  clamps,  
yokes,  guard  ri ngs,  horns,  spacers,  etc. ,  can  be  con trol led .  Appropriate  shapes  and  
d imensions  may be  speci fied  during  the  des ign  stage  i n  order to  avoid  poin ts  of h i gh  vol tage  
grad ien t.  Al l  edges  and  corners  shou ld  be  wel l  rounded ,  bol t  heads  shou ld  be  rounded  or 
sh ie lded  and  sharp  poin ts  and  protrus ions  shou ld  be  avoided .  I t  i s  a lso  importan t that the  
protecti ve  galvan ized  fi n i sh  on  hardware  be  smooth ,  particu larl y at poin ts  of maximum  vol tage  
grad ien t.  

Guard  devices  are  sometimes  i nsta l l ed  to  protect an  insu lator s tring  from  the  destructive  
effects  of a  power arc and  to  improve the  d istribution  of the  potential  a l ong  the  s tring .  They 
a lso  con tribute  to  the  reduction  of the  l evel  of rad io  noise  from  the  conductor cl amps,  s i nce  
they screen  sharp  poin ts  or protrusions  on  the  clamps.  The  type  and  d imensions  of the  guard  
devices  shou ld  be  chosen  i n  such  a  way that  they do  not themselves  produce rad io  noise.  For 
example,  the  use  of s imple  horns  shou ld  be  avoided  at  vol tages  exceed ing  abou t 1 50  kV,  and  
the  d iameter of tubes  form ing  guard  rings  shou ld  be  sufficien tl y l arge  to  ensure  that no  corona  
occurs  during  ra in .  

_____________ 

3  Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  
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Present knowledge  seems  to  i nd icate,  however,  that i t  may be  re lati vely d i fficu l t to  design  
guard  ri ngs  su i table  for ra iny cond i ti ons,  even  i f they are  made  of mu l ti p le  tubes.  I n  wh ich  
case,  i t  may be  necessary to  devise  specia l  arrangements  for the  yoke  so  that the  stri ng  i s  
screened  d i rectl y by the  conductor bund le  and  is  protected  from  power arcs  by su i table  
devices  on  the  sub-conductors  of the  bund le.  

As  i n  the  case  of conductors,  i t  i s  important  to  avoid  damage to  the  hardware  during  
manufacture,  transportation ,  construction  and  maintenance by hand l ing  them  wi th  great care  
at  a l l  t imes.  

4. 4  Su rface  d i sch arges  on  i n su lators  

4. 4. 1  Cl ean  or s l ig h tl y pol lu ted  in su lators  

The rad io  noise  produced  by these  i nsu lators  under d ry cond i tions  can  be  con trol l ed  by:  

•  the  use  of i nsu lators  of su i table  des ign ,  especia l l y as  regards  thei r geometry and  the  
characteristics  of the  materia l  a t the  more  cri tical  areas,  or  

•  the  use  of guard  devices  des igned  to  improve  the  d istribu tion  of vo l tage  on  the  surface  of 
the  i nsu lator or a long  the  i nsu lator string .  

I n  i nsu lator design ,  the  use  of conducting  g laze,  for example,  improves  the  d istribution  of the  
surface  vol tage  grad ient on  the  i nsu lator.  I n  the  des ign  of a  guard  device,  a  meta l  ri ng  as  
close  as  possib le  to  the  i nsu lator,  or to  at  l east the  fi rst two  or th ree  i nsu lators  at the  l ine  end  
of an  i nsu lator stri ng ,  may cons iderabl y improve  the  vol tage  d istribu tion  on  the  i nsu lator or 
a long  the  i nsu lator string  and  reduce  rad io  noise.  The  ri ng ,  however,  shal l  remain  compatib le  
wi th  other requ i rements  such  as  i nsu lation  wi thstand ,  protection  of the  insu lators  from  power 
arcs,  screen ing  of the  clamps,  etc.  (see  4 . 3) .  

The  rad io  noise  produced  i n  damp weather,  fog  or ra in  i s  usual l y more  d i fficu l t  to  control  than  
the  noise  under d ry cond i ti ons.  I t  i s ,  however,  se l dom  a  cri tical  factor in  l i ne  des ign ,  s ince  the  
i ncrease  i n  noise  due  to  water d roplets  on  the  i nsu lators  is  usual l y l ess  importan t than  the  
correspond ing  i ncrease  i n  noise  produced  by the  conductors.  

4. 4. 2  Very pol l u ted  in su l ators  

Under d ry cond i tions,  i n  add i tion  to  the  phenomena  that  cause  noise  on  a  clean  insu lator,  
other phenomena of the  corona  type  may occur due  to  surface  unevenness  created  by 
pol l u tion  deposi ts,  as  men tioned  i n  6. 1  of CISPR TR 1 8-1 : __4.  U nder these  cond i tions  even  
carefu l  des ign  of the  various  parts  of an  i nsu lator may be  of l i ttle  benefi t.  Stress  con trol  
devices  su i table  for improving  the  vol tage  d istribution  on  the  i nsu lator or a long  the  i nsu lator 
string ,  however,  may considerabl y improve the  rad io  noise  performance.  

When  the  pol lu ted  i nsu lator surface  i s  wet,  rad io  noise  is  generated  by sparks  across  the  d ry 
bands,  created  by the  leakage  curren ts,  as  d iscussed  i n  6 . 1  of CISPR TR 1 8-1 : __ 5 .  
Occasional l y,  th is  noise  has  very h igh  frequency components.  I t  may affect both  sound  and  
te levision  reception  and  i s  d i fficu l t to  control .  The  on l y practical  remedy is  to  l im i t the  l eakage  
curren t activi ty on  the  surface  of the  pol l u ted  i nsu lator.  Th is  may be  ach ieved  by:  

a)  d im in ish ing  the  vol tage  stress  on  the  insu lator –  for example  by us ing  a  longer surface 
creepage  path  than  is  necessary for e l ectrica l  wi thstand ;  

b)  us ing  special  types  of i nsu lators  such  as  those  made  of organ ic materia l  or coated  wi th  
sem i-conducting  g laze,  or des igns  wi th  a  longer creepage path  such  as  fog  type  un i ts ,  
specia l  shapes,  etc. ;  

c)  coating  the  i nsu lators  wi th  s i l i cone  grease.  
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4. 5  Spark an d  mi crosparks  d u e  to  bad  con tacts,  commu tati on  effects  

Remed ial  measures  for e l im inating  or reducing  these  types  of rad io  noise  are  described  i n  
Clause  5  and  i n  8 . 4  of CI SPR TR 1 8-1 :__6  respective l y.  

4. 6  Defects  on  power l i n es  an d  associ ated  eq u ipm en t in  servi ce  

Even  i f a l l  possib le  precau tions  have  been  taken  during  des ign  and  construction  of a  power 
l i ne  or substation  to  keep  rad io  noise  wi th in  acceptable  l im i ts ,  defects  may occasional l y occur 
during  operation ,  resu l ti ng  i n  i n to lerable  noise.  Th is  may be  caused  by breakage  of s trands  on  
the  conductors,  damage  to  clamps  or i nsu lators  or accumulation  of pol l u tion  on  conductors  
and  i nsu lators .  I n  general ,  these  defects  shal l  be  e l im inated  i n  order that the  power system  
may operate  properl y,  whether or not they are  sources  of rad io  noise.  I n  fact,  the  occasional  
noise  caused  by such  defects  may resu l t  i n  detection  and  l ocation  of potentia l  power system  
fau l ts .  

These  abnormal  noise  sources  may be  l ocated  by various  i nstruments  such  as  rad io  noise  
measuring  sets,  televis ion  receivers  or u l trason ic and  optica l  detectors.  Location  wi l l  often  be  
eas ier when  the  noise  affects  te levis ion  reception ,  s ince  at very h i gh  frequencies  long i tud inal  
attenuation  a long  the  l i ne  i s  very h i gh .  When  on l y l ow and  med ium  wave  frequencies  are  
affected ,  l ocation  of the  noise  source  may requ ire  the  record ing  of the  long i tud ina l  attenuation  
of the  rad io  noise  fie l d  s trength ,  combined  wi th  optical ,  u l trason ic  or u l traviolet devices,  as  
d iscussed  i n  Clause  5.  

5 M ethods  of predi cti on  of the reference l evel  of an  overhead  l i ne  

5. 1  G en eral  

This  document has  been  wri tten  to  provide  the  eng ineer i n  the  fi e ld  wi th  the  theoretical  and  
practica l  background  necessary to  deal  wi th  rad io  i n terference problems.  Techn ical  aspects  
have  been  deal t wi th  i n  Part  1  and  many of the  aspects  d iscussed  are  deal t  wi th  i n  th is  clause  
i n  a  s impl i fied  manner to  bring  together the  theoretical  and  practical  i ssues.  

The  reference  l evel  of a  l ine  is  the  s trength  of the  rad io  noise  fi e ld  at  a  reference  frequency 
of 500  kHz and  at  a  d i rect d istance  of 20  m  from  the  nearest conductor of the  l i ne.  Where  the  
vol tage  grad ient  i n  the  a i r at  the  surfaces  of the  conductors  of a  normal  l i ne  i s  g reater than  
about 1 2  kV/cm  to  1 4  kV/cm ,  depend ing  on  conductor d iameter,  the  rad io  noise  performance  
of the  l i ne  i s  determ ined  by the  performance  of the  conductors .  The  number and  d iameter of 
the  conductors  per phase  of a  proposed  l i ne  are  often  decided  by the  current-carrying  
capaci ty requ i red  or by econom ic considerations  and  usual l y a  pred iction  of the  reference  
l evel  i s  requ i red  for a  particu lar weather cond i tion .  I f a  l i ne  i s  designed  wi th  the  conductors  at 
a  h igh  su rface  grad ien t,  very l i ttl e  can  be  done  to  reduce  the  noise  leve l  once  the  l i ne  has  
been  constructed .  

F i gure  B. 1 4  of CISPR TR 1 8-1 :__7  g i ves  the  correction  to  be  appl i ed  to  a  rad io  noise  l evel  
re lating  to  a  measurement frequency other than  500  kHz.  

Where  the  vol tage  grad ien t i n  the  a i r at the  surfaces  of the  conductors  of a  l i ne  is  l ess  than  
about  1 2  kV/cm ,  the  rad io  noise  level  i s  usual l y determ ined  by the  i nsu lators  and  hardware.  I n  
th is  case  the  rad io  noise  performance  of the  l i ne  i s  i nheren tl y good  and  i t  i s  usual l y des i rable  
to  preserve  th is  good  qual i ty by se lecting  i nsu lators  and  hardware  of a  match ing  qual i ty.  Most 
of the  methods  of pred iction  or predeterm ination  are  concerned  wi th  the  conductor noise  and  
do  not appl y to  l i nes  where  the  conductors  are  at a  l ow surface  grad ient.  None  of the  methods  
appl ies  to  sparking  sources  at  loose or imperfect  con tacts .  
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5. 2  Correl ati on  of d ata  g iven  el sewh ere in  th i s  pu bl i cation  

Th is  subclause  con ta ins  i n formation  abou t the  correlation  of the  rad io  noise  vol tage  at  the  l ine  
and  the  resu l ti ng  rad io  noise  fi e ld  s trength  at  ground  l evel  at  a  certain  l ateral  or d i rect  
d istance  s lant to  the  respective  l i ne.  

a)  Methods  re lati ng  to  noise  from  conductors  

Subclause  5. 3  of CISPR TR 1 8-1 : __ 8  g i ves  a  survey of methods  of pred iction  or 
predeterm ination  for AC l i nes,  both  anal ytical  or sem i -empirica l  and  empirical  or 
comparative.  

The  anal ytica l  method  re l ies  on  the  resu l ts  of measurements  carried  ou t on  a  short l eng th  
of sample  conductor i n  a  test  cage  and  i nvolves  h i gh l y complex anal yses.  The  sample  
conductor can  be  tested  wi th  any desi red  surface  cond i tion  and  the  rad io  noise  vol tage  
measured  by a  ci rcu i t g i ven  in  4 . 5  of CISPR TR 1 8-2 : __9.  However,  for AC  l ines,  a  re l i able  
pred iction  of the  reference level  d ue  to  conductor corona  can  be  ca lcu lated  on l y from  the  
wet test  i n  th is  method  s i nce  i n  th is  case  the  number of ind ividual  corona  sources  per un i t  
l ength  is  sufficien tl y h i gh  to  represen t a  s tatistical l y satisfactory sample.  

The  s imple  comparative  formu lae  referred  to  i n  5. 3  of CISPR TR 1 8-1 : __ 1 0  re l y on  the  
resu l ts  of rad io-noise  fie l d  strength  measurements  carried  ou t on  an  existi ng  l i ne  of s im i l ar 
des ign .  These  formu lae  take  i n to  account  the  effects  of any d i fference  between  the  
reference  and  proposed  l i nes  such  as  the  d i fferences  in  surface  vol tage  grad ien t  or 
conductor d iameter.  I f the  design  of the  reference and  the  proposed  l ines  are  s im i lar and  
the  operating  cond i ti ons,  such  as  a i r pol lu tion ,  etc. ,  are  also  s im i l ar,  a  fa i rl y accurate  
pred iction  may be  obta ined  of the  reference level  to  be  expected  from  the  proposed  l i ne  
due  to  conductor corona.  The  effects  of weather may a lso  be  determ ined  by taking  
measurements  on  the  reference l i ne  i n  a  variety of weather cond i ti ons.  

I n  5. 4  and  Annex B  of CI SPR TR 1 8-1 : __ 1 1  i s  g i ven  a  cata logue  of rad io  noise  fi e ld  
strength  profi les  resu l ti ng  from  conductor corona  for certa in  designs  of s ing le  ci rcu i t  
overhead  l i ne.  The  profi l es  are  correct when  the  value  of the  vol tage  grad ien t i n  the  a i r at  
the  surfaces  of the  conductors  of the  l i nes  are  su fficien tl y h igh  to  produce rad io  noise.  The  
values  of the  fi e l d  strength ,  a t a  measurement frequency of 500  kHz,  are  g iven  for both  
heavy ra in  and  average  fai r weather cond i tions ,  the  heavy ra in  cond i ti ons  producing  a  
h igher fi e l d  strength  of between  1 7  dB  and  25  dB.  The  profi l es  show the  attenuation  of the  
fie ld  wi th  d istance  normal  to  the  l i nes  for d istances  out to  1 50  m .  

For DC l i nes,  reference  is  made to  8. 2  of CISPR TR 1 8-1 : __ 1 2  for the  calcu lation  of the  
noise  l evel .  

b)  Method  re lati ng  to  noise  from  i nsu lators  and/or fi tti ngs  

Subclause  6 . 2  of CISPR TR 1 8-1 : __1 3  g i ves  a  corre lation  between  the  rad io  noise  vol tage  
generated  by a  hardware  or component of a  l i ne,  when  measured  i n  accordance wi th  the  
procedure  g i ven  i n  4 . 5  of CISPR TR 1 8-2 :__1 4,  and  the  l evel  of the  reference  fie l d .  Th is  
correlation  appl i es  where  the  l ine  has  a  s i ng le  noise  source,  for example  a  broken  
i nsu lator,  or where  mu l ti p le  sources  are  d istribu ted  un i form ly a long  the  l i ne.  The  method ,  
wh ich  i ncludes  a  sem i-empirical  formu la,  i s  parti cu larl y usefu l  where  the  conductors  of a  
proposed  l i ne  are  to  operate  at a  low surface  grad ient and  a  pred iction  i s  requ i red  of the  
reference  level  to  be  expected  from  the  insu lators  of the  l i ne.  When  the  measurement 
procedure  accord ing  to  4 . 5  of CI SPR TR 1 8-2 :__1 5  i s  carried  ou t on  i nsu lators,  then  they 
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are  usual l y i n  a  cl ean  and  d ry cond i tion ,  s ince  th i s  cond i ti on  i s  normal l y speci fied .  Bu t the  
procedure  i s  not restricted  to  measurements  on  clean  and  dry objects  and  specia l l y 
pol l u ted  sample  insu lators  cou ld  be  tested  when  damp and  when  dry and  the  resu l ts  
i nserted  i n to  the  formu la  to  pred ict  the  reference  l evel  of a  proposed  l i ne.  

c)  Methods  re lati ng  to  aggregate  noise  from  the  conductors,  i nsu lators  and /or hardware  

Subclause  5. 2  of CISPR TR 1 8-1 : __ 1 6  g i ves  in formation  on  the  use  of test l i nes.  Where  
cond i ti ons  re lating  to  a  new design  of l i ne  are  such  that they cannot be  re lated  to  data  
avai l ab le  from  an  existing  l i ne,  the  expected  performance  is  sometimes  stud ied  on  a  
re lati ve l y short  test  l i ne.  Such  test  l i ne  stu d ies  are  particu larl y usefu l  when  a  new system ,  
for operation  at a  much  h igher vol tage than  h i therto,  i s  i n  the  plann ing  s tage.  The  rad io  
noise  performance of the  experimental  l ine  is  mon i tored  i n  a  range  of weather and  
atmospheric cond i tions  so  that the  performance  of the  proposed  l i ne  can  be  assessed  
under the  cond i ti ons  i t  wi l l  experience  i n  service.  Th is  cou ld  a lso  include  the  effects  of 
i nsu lator pol l u tion .  Other important data,  such  as  corona  l oss  and  acoustic noise  
performance,  can  a lso  be  obta ined  from  the  test l i ne  at  the  same time.  

I n  5. 4  of CI SPR TR 1 8-2 : __ 1 7  a  method  is  g iven  whereby the  reference  l evel  of a  l i ne  may 
be  found  wh ich  wi l l  protect a  g iven  broadcast s i gnal  strength  at a  g i ven  d istance  from  the  
l i ne  for 80  %  of the  time  wi th  80  %  confidence.  

5. 3  CIG RÉ formu l a  

A s imple  d i rect formu la  has  a lso  been  evolved  for pred icti ng  the  l evel  of the  rad io  noise  fie l d  
strength  to  be  expected  from  the  conductors  of AC  l i nes.  The  formu la,  wh ich  i s  empirical l y 
based ,  g i ves  the  most  probable  level  to  be  expected  from  aged  conductors  in  fa i r weather at  a  
d i rect  d is tance  D0  of 20  m  from  the  nearest conductor at  a  measurement frequency of 
500  kHz.  The  formu la  is  derived  from  l i nes  operati ng  at  vol tages  between  200  kV and  765  kV 
and  at maximum  vol tage  grad ien ts  between  1 2  kV/cm  and  20  kV/cm .  Strictl y seen ,  the  formu la  
g ives  the  noise  from  one  phase  conductor or bund le  of a  l i ne  and  the  effects  of the  other 
conductors  may be  taken  i n to  account  by a  summation  process.  However,  for a  number of 
des igns  of l i nes  wi th in  these  ranges,  i t  i s  found  that on l y a  smal l  error i s  i n troduced  i f on l y the  
conductor producing  the  h ighest noise  at the  measuring  poin t of a  three-phase  l i ne  is  
cons idered ;  usual l y th is  i s  the  nearest conductor bu t not  necessari l y so  i n  a l l  cases.  

The  formu la  i s  

E =  3 , 5  gmax  +  1 2  r – 30,      i n  dB(µV/m)  

where  

E  i s  the  l evel  of the  rad io  noise  fi e ld  s trength  i n  dB(µV/m)  at  a  d i rect  d istance  D0  of 20  m  
from  nearest conductor of proposed  AC  l i ne;  

gmax  i s  the  maximum  grad ient of the  RMS  vol tage  at  the  conductor surface,  i n  kV/cm ;  

r i s  the  rad ius  of conductor or sub-conductor,  i n  cm .  

Th is  matter i s  considered  i n  more  detai l  i n  Annex A.  

5. 4  Determ in ation  of 80  %  l evel  

The 80  %  l evel  for a  l i ne  may be  pred icted  by ca lcu lation  [2 ,  3] 1 8  or,  i f the  l i ne  exists ,  the  80  %  
l evel  may be  determ ined  wi th  a  h igh  degree  of confidence,  by measurement.  Methods  of 
determ in ing  the  80  %  level  are  as  fol lows:  
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1 )  for an  existi ng  l i ne,  the  80  %  level  may be  determ ined ,  wi th  a  h i gh  degree  of confidence,  
from  the  a l l -weather d is tribu tion  curve  obtained  by measurements  made  over a  period  of 
one  year;  

2)  i f the  a l l -weather d is tribu tion  curve  i s  not  avai l able,  or i n  the  case  of a  proposed  l i ne,  the  
resu l ts  of measurements  made  one  l i ne  of s im i lar des ign  i n  a  s im i l ar cl imate  and  pol l u tion  
environment cou ld  be  used ;  

3)  from  the  fi gu res  men tioned  i n  4 . 3. 4  of CI SPR TR 1 8-1 :__1 9  i t  i s  seen  that,  on  average,  the  
80  %  l evel  for a  l ine  is  1 0  dB  greater than  the  50  %  l evel .  Therefore,  i f the  50  %  l evel  i s  
known,  the  80  %  level  may be  estimated ;  

4)  the  80  %  l evel  may be  pred icted  by add ing  5  dB  to  1 5  dB,  depend ing  on  the  cl imate,  to  the  
fai r-weather l evel  estimated  from  the  s imple  formu la  g i ven  i n  5 . 3 .  

5. 5  Con clu sion s  

The  particu lar method  of pred iction  to  use  i n  the  case  of a  particu lar proposed  l i ne  wi l l  depend  
on  whether the  i n terest i s  i n  conductor corona  or noise  due  to  i nsu lators  and /or hardware  that  
i s  whether the  conductors  are  to  operate  at  a  vo l tage  grad ient greater than  about 1 4  kV/cm  or 
l ess  than  about 1 2  kV/cm .  For vol tage  grad ien ts  i n  between  these  va lues ,  both  the  conductors  
and  the  insu lators  may con tribu te  to  the  noise  l evel  of the  proposed  l i ne.  

The  s imple  comparative  formu la  referred  to  i n  i tem  a)  of 5 . 2,  the  cata logue  of rad io  noise  fi e ld  
strength  profi les  referred  to  a lso  i n  i tem  a)  of 5. 2  and  the  CIGRÉ formu la  g i ven  i n  5 . 3  are  a l l  
s imple  to  use  and ,  provided  they are  used  wi th in  thei r i nheren t l im i tations,  they shou ld  g i ve  
reasonabl y accurate  i nd ications  of the  reference  l evel  to  be  expected  from  the  conductors  of a  
proposed  l i ne.  I t  shou ld  be  borne  in  m ind  that owing  to  the  variable  nature  of rad io  noise  and  
i ts  dependency on  the  effects  of weather,  atmospheric cond i tions,  pol l u tion ,  etc. ,  i t  i s  often  
d i fficu l t  to  measure  the  reference l evel  of a  l i ne  wi th  any h i gh  degree  of accuracy and  
reproducibi l i ty.  

The  method  referred  to  i n  i tem  b)  of 5. 2  re lating  to  noise  from  insu lators  and /or hardware  has  
not,  as  yet,  become establ ished  practice  for the  case  of specia l l y pol l u ted  test insu lators  bu t 
the  method  wou ld  appear to  have  prom ise  for th i s  case.  I f a  test l i ne,  referred  to  in  i tem  c)  of 
5. 2 ,  i s  avai lab le,  together wi th  the  time requ ired  to  carry ou t experimental  work,  the  l ike l y 
reference  level  from  a  proposed  l ine  may be  obtained  wi th  a  good  degree  of accuracy for the  
particu lar conductor,  i nsu lators  and  hardware  proposed .  

6 Preventi ve and  remed i al  measures  to  mi ni mi ze radi o noi se gen erated  by 
bad  contacts  and  th ei r detecti on  and  l ocati on  

6. 1  G en eral  

Rad io  noise  generated  by sparking  at bad ,  that i s  l oose  or imperfect,  contacts  occurs  main l y 
i n  d ry weather s ince  i n  wet  weather the  comparativel y smal l  gaps  i nvolved  usual l y became 
bridged  wi th  moisture.  

6. 2  Preven tive  an d  rem edi al  m easu res  

When  constructi ng  h i gh  vol tage  equ ipment i t  i s  importan t  

1 )  to  ensure  that  a l l  fixi ng  bol ts  are  securel y ti ghtened ,  and  

2)  to  bond  conducting  e lements,  as  far as  i s  possib le,  e i ther to  earth  or conductor potentia l .  

On  d istribu tion  l i nes,  bond ing  ad jacent metal  su rfaces  i s  important bu t bond ing  to  earth  or 
conductor poten tia l  i s  not requ i red  for spark suppression .  I f bond ing  to  one  s ide  i s  not 
possib le  (for example  at  the  p in  and  clevis,  or bal l  and  socket,  coupl i ngs  of an  i nsu lator stri ng ),  
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1 9  Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  
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the  ad j acent  conducting  elements  shou ld  have  good  metal -to-metal  con tact  and  the  whole  
assembly shou ld  be  wel l  i nsu lated  from  other meta l l ic  parts  of the  equ ipment.  I t  shou ld  be  
borne  i n  m ind  that even  when  equ ipment i s  new,  galvan ized  meta l l ic  parts  can  have  a  
corrosion  coating  of zi nc carbonate.  When  the  surfaces  have  weathered ,  add i tional  oxides  
and  su lph ides  may be  present and  an  imperfect  con tact may resu l t lead ing  to  the  poss ibi l i ty of 
gap-type  d ischarges.  The  phenomenon  may occur when  suspension  i nsu lator s tri ngs  have  
i nadequate  mechan ical  l oad ing .  

The  fol lowing  preventive  and  remed ial  measures  have  been  found  to  be  effecti ve:  

a)  Conductive  g rease  and  paste  

A qu ick and  econom ical  method  is  the  appl ication  of conductive  grease  to  the  socket or 
clevis  area  of insu lators.  Th is  i s  a  temporary cure,  however,  and  i t  i s  necessary to  re-appl y 
the  grease  at  a  l ater date.  The  use  of a  copper paste,  i nstead  of conductive  grease,  
prom ises  to  be  a  more  l asti ng  remedy bu t care  shal l  be  taken  to  ensure  that the  grease  or 
paste  does  not fi nd  i ts  way on  to  an  i nsu lating  surface.  

Ord inary,  non-conductive  grease  appl ied  to  fresh l y galvan ized  surfaces  wi l l  i nh ibi t  
corrosion .  

b)  Bond ing  brush  

The  appl ication  of a  bond ing  brush ,  wi th  sta in less  s teel  bristl es,  i s  a  temporary cure,  
l asti ng  for some three  to  fi ve  years,  by provid ing  metal - to-metal  contact  i n  the  p in  and  
clevis ,  or ba l l  and  socket,  area.  

c)  Bond ing  cl i p  

Where  p in  and  clevis  type  insu lators  are  used ,  bond ing  cl i ps  can  easi l y be  i nstal led  i n  the  
p in  and  clevis  area.  I t  i s  especia l l y important  that these  be  instal led  i n  the  conductor 
cl amp connection  wi th  the  l i ne  end  insu lator.  There  are  several  types  of cl ip  su i table  for 
i nsertion  between  ba l l  and  socket wh ich  main tain  sufficien t  pressure  to  break down  the  
oxide  fi lm .  

d )  Permanent bond ing  

The  best resu l ts  are  l ike l y to  be  obtained  wi th  a  permanent flexib le  bond  across  each  
i nd ividual  metal l ic  l i nk of the  insu lator stri ng ,  together wi th  bonds  from  the  earth  end  
i nsu lator to  the  cross-arm  and  from  the  conductor cl amp to  the  l i ne  end  i nsu lator.  The  
bonds  shou ld  cons ist of stranded  sta in less  steel  or copper cable  and  can  e i ther be  welded  
or fastened  by screws.  The  cable  shou ld  have  a  p lastic covering  to  prevent  b i rd  cag ing  of 
broken  s trands.  

e)  Metal  weigh ts  for i nsu lator s trings  wi th  i nadequate  mechan ica l  l oad ing  

I n  order to  ensure  good  con tact between  the  caps  and  p ins  of ad j acent i nsu lator un i ts ,  the  
stri ngs  shou ld  be  l oaded  wi th  metal  weigh ts  wh ich  are  wel l -rounded  to  prevent corona  
d ischarges.  

f)  Spring  and  plastic  washers  

I f a  wooden  construction  i s  used ,  there  is  some meri t  i n  us ing  spring  or p lastic washers.  
The  spring  washers  are  capable  of preventing  l oose  hardware  on  poles  and  cross-arms 
due  to  wood  shrinkage.  A p lastic washer of acetate  or n ylon  a lso  improves  tigh tness  of the  
nu ts.  Where  these  "shake-proof"-type  nu ts  or p l astic  washers  are  used ,  care  shou ld  be  
taken  to  ensure  that there  are  no  i nsu lati ng  gaps  between  metal l ic  parts.  Such  a  washer is  
general l y used  on l y between  a  nu t and  a  wood  pole  or arm .  

g )  S ing le  i nsu lator 

The  use  of a  s ing le  i nsu lator has  the  advan tage  of having  fewer poss ib le  rad io  noise  
sources.  

h )  P in -type  insu lators  wi th  conducting  g laze  

With  p i n -type  insu lators,  sparking  may occur on  the  surface  where  the  conductor rests  i n  
the  top  groove  and  at  the  tie-wi re  or s ti rrups  in  the  s ide  g roove of the  i nsu lator.  Th is  
problem  may be  overcome by us ing  conductive  pain ts  or metal l i zation  of the  i nsu lator 
surface  i n  the  area  of con tact.  These  metal l i zi ng  agents  are  effecti ve  on l y i f appl ied  
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together wi th  the  g laze  during  manufacture  of the  i nsu lator.  I n  the  case  of p in - type  
i nsu lators,  i f the  pi n  screws  d i rectl y in to  a  th readed  hole  i n  the  porcela in ,  the  porcela in  
threads  shou ld  be  treated  wi th  conductive  pa in t.  As  an  a l ternative,  a  threaded  metal  insert 
can  be  cemented  i n to  the  p in -hole;  a l though  the  best  solu tion  is  to  purchase  i nsu lators  
wi th  the  p in -hole  g lazed  during  manufacture.  

I f a  PVC insu lated  conductor i s  used ,  there  is  a  poss ib i l i ty of l ocal  d ischarges  occurring  at 
the  supporting  i nsu lators.  These  d ischarges  can  be  avoided  by wrapping  the  PVC wi th  
sem i-conducting  tape.  For an  1 1  kV l i ne,  the  tape  shou ld  extend  for 600  mm  on  e i ther s ide  
of the  i nsu lator.  

i )  P lastic fasteners  and  i nsu lated  staples  

The  use  of p l astic fasteners  or i nsu lated  staples  to  secure  the  earth  wire  to  a  wood  pole  
wi l l  avoid  sparking  between  the  earth  wi re  and  i ts  fasteners,  particu larl y i f the  fasteners  
became l oose  or corros ion  is  present.  

6. 3  M eth ods  of d etectin g  an d  l ocatin g  bad  con tacts  

When  bad  contacts  are  present i n  a  power l i ne  or substation ,  the  detection  and  exact  l ocation  
of the  rad io  noise  source(s)  are  more  importan t than  the  measurement of the  resu l ting  fie l d  
strength .  Practical  methods  for the  detection  and  l ocation  of these  bad  con tacts  are  described  
below.  Measurements  and  observations  shou ld  normal l y be  made  in  fa i r weather.  

S ince  a  h igh  vol tage  power l i ne  and  associated  equ ipment i s  often  the  source  of d i fferen t 
rad io  frequency fie l ds,  i t  i s  necessary to  trace  the  rad io  noise  by starti ng  at  the  d isturbed  
receiver.  The  fi rst  step  in  the  i nvestigation  is  to  obtain  an  aura l  and /or visual  i nd ication  of the  
rad io  noise,  by us ing  a  l oudspeaker or headphones  and  an  osci l l oscope or te levis ion  receiver.  

When  tracing  the  source(s)  of rad io  noise  due  to  bad  con tacts  i t  i s  better to  observe  the  noise  
at the  h i ghest  frequency perceptib le  because  of the  more  rapid  attenuation  a long  the  l i ne.  
Wh i lst i t  i s  preferable  that  the  apparatus  used  for tracing  shou ld  cover the  whole  rad io  noise  
frequency range,  few instruments  are  avai lab le  that  cover th is  spectrum .  Few have  been  
des igned  speci fical l y for the  l ocation  of sources  of rad io  noise  and ,  accord ing l y,  i t  may be  
necessary to  mod i fy commercia l  apparatus  to  make i t  su i table.  

The  fol l owing  apparatus  wi l l  be  found  usefu l  for l ocati ng  bad  contacts:  a)  to  g )  are  
conventional  i nstruments  and  h )  i s  a  modern  i nstrument employing  recent  d i g i ta l  s ignal  
process ing  techn iques,  wh ich  can  estimate  the  D irection  of Arri va l  (DOA)  wi th  h igh  d i rectional  
resolu tion .  

a)  A general  coverage receiver (a .m . )  tuneable  from  at  least 500  kHz to  1 8  MHz.  

b)  A VHF  fi e l d  s trength  measuring  i nstrumentation  fi tted  wi th  a  two-element broadband  
an tenna  and  a  VHF  pre-ampl i fi er:  The  aud io  ou tput  shou ld  be  ampl i fi ed  su fficien tl y to  feed  
a  l oudspeaker and  an  osci l loscope.  

c)  An  osci l l oscope wi th  sufficien t i n tens i ty for use  in  fu l l  dayl i ght,  when  used  wi th  a  viewing  
hood ,  and  a  sweep frequency of approximatel y 500  Hz.  

d )  An  UHF  fi e ld  strength  measuring  i nstrumentation  fi tted  wi th  two  in terchangeable  Yag i  
an tennas  (one  array for 500  MHz and  the  other for 800  MHz):  A moderate  l evel  aud io  
ou tpu t i s  requ i red  for a  l oudspeaker.  RF  pre-ampl i fication  is  requ ired  and  I F  ga in  con trol  i s  
des irable .  The  whole  assembly shou ld  be  able  to  be  carried  by one  man .  

e)  A smal l  rad io  frequency detector covering  the  frequency range  MF  to  VHF  bu t wi thout  
au tomatic  gain  control .  

f)  A smal l  a .m .  broadcast  rad io  receiver wi thou t manual  or au tomatic  ga in  con trol  and  
enclosed  i n  a  metal  box:  The  receiver an tenna  can  e i ther be  te lescopic,  to  a l l ow for 
variation  i n  RF  sens i ti vi ty,  that i s  to  ad just the  RF  gain ,  or,  preferabl y,  a  ferri te  rod  
mounted  i nside  the  metal  box opposi te  a  s l ot of s im i lar l eng th  in  the  box s i de.  The  box is  
mounted  at one  end  of an  i nsu lating  tube,  a  few metres  i n  l ength  and  having  a  d iameter of 
approximatel y 3  cm  to  6  cm .  The  ou tput  of the  receiver l oudspeaker i s  d i rected  i n to  the  
bore  of the  tube  wh i le,  at the  other end ,  a  m icrophone is  arranged  to  pi ck up  the  noise  
s i gnal .  The  m icrophone  ou tpu t i s  then  fed  i n to  an  ampl i fier feed ing  the  headphones  or a  
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l oudspeaker.  Th is  arrangement a l l ows  the  receiver to  be  p laced  near to  the  source  of the  
d isturbance  and ,  wi th  care,  can  be  used  even  when  the  rad io  noise  i s  generated  by h igh  
vol tage  equ ipment.  

g )  The  i nsu lating  properties  of the  tube  and  i ts  l eng th  shal l  be  such  as  to  ensure  observance 
of the  safety ru les  appropriate  to  the  system  vol tage.  

h )  A sensi ti ve  u l trason ic detector wi th  a  parabol ic  reflector:  I n  s i tuations  where  the  noise  
sources  are  numerous  and  are  close  together,  for example  i n  a  substation ,  th is  can  be  a  
particu larl y usefu l  i nstrument,  bu t i ts  use  is  restricted  to  fa i r weather cond i ti ons.  I t  shou ld  
be  borne  i n  m ind  that th is  i nstrument i s  a lso  sens i ti ve  to  corona  sources.  

i )  Rad io-frequency (RF)-based  DOA estimation  system  wi th  h igh  d i rectional  resolu tion  (see  
Annex B) :  The  system  wi th  an  antenna  array,  e. g .  consisti ng  of four d ipole  an tennas,  a  
h igh-speed  osci l loscope,  and  a  computing  device,  e . g .  a  personal  computer,  i n  wh ich  a  
DOA estimation  program  based  on  d i g i ta l  s ignal  process ing  techn iques  i s  i nsta l led ,  i s  
avai lab le  to  locate  the  rad io  noise  source  due  to  bad  contact,  wh ich  can  em i t pu lsed  
e lectromagnetic waves  composed  of wide  spread  frequency components,  wi th  h igh  
d i rectional  resolu tion  [1 7,  1 8,  1 9] .  

A suggested  procedure  for l ocati ng  a  rad io  noise  source  or sources  generated  by bad  
con tacts  i s  as  fo l lows:  

i )  Using  the  i nvestigation  apparatus,  obtain  an  aural  and /or visual  i den ti fication  of the  noise  
s i gnal  a t  the  d isturbed  receiver.  Determ ine  the  frequency range  of the  noise  by scann ing  
the  re levant part of the  RF  spectrum .  

i i )  I f broadband  noise  appears,  use  the  h ighest  possible  frequency for tracking .  I f i t  i s  found ,  
when  moving  a long  a  power l i ne,  that the  noise  can  be  detected  at  progressivel y h i gher 
and  h igher frequencies,  then  the  source  i s  be ing  approached .  I n  the  immed iate  vicin i ty of 
the  source,  the  noise  s i gnal  shou ld  be  detected  throughou t most of the  broadcast  
frequency bands.  When  the  h i gher frequencies  s tart d ropping  off,  the  source  has  been  
passed .  Along  the  power l i ne  nu l l s  may occur,  at  certa in  posi ti ons  and  at certa in  
frequencies,  d ue  to  stand ing  wave  patterns.  For wood  pole  l i nes,  a  s ledge  hammer can  
be  usefu l .  I f the  base  of the  pole  is  struck wi th  the  hammer,  noise  due  to  bad  con tacts  on  
that  particu lar pole  may e i ther i ncrease  drastica l l y or d isappear temporari l y.  Th is  ass ists  
i n  l ocal i zi ng  the  wood  pole  associated  wi th  the  noise  source.  

A fu rther method  for l ocating  bad  contacts,  parti cu larl y i n  a  substation  where  severa l  
j oi n ts  can  be  i nvolved ,  i s  to  d i rect a  very fi ne  water j et at  each  suspect meta l  j o in t i n  tu rn .  
To  provide  a  h igh  degree  of insu lation ,  a  smal l  volume  of water,  i n  a  p lastic  container,  i s  
mounted  at  the  end  of a  l ong  rod  or pole  of in su lating  materia l .  Two  p ipes  en ter the  
con tainer,  one  wh ich  term inates  i n  a  nozzle  to  provide  the  fine  water j et  and  the  other 
wh ich  carries  compressed  a i r,  vi a  a  valve,  from  the  ground .  The  operator on  the  ground  
con trols  the  water j et  by means  of the  compressed  a i r.  After h aving  located  a  bad  contact,  
a  s im i l ar device  i s  often  used  to  i n ject  grease,  of su i table  cons istency,  i n to  the  defective  
j oi n t.  

i i i )  I f narrow band  noise  i s  detected ,  triangu lation  wi l l  best i denti fy the  source.  Even  here,  
however,  a t  the  source's  l ocation ,  the  sparking  noise  wi l l  be  detected  over a  broad  range  
to  1 00  MHz.  Narrow band  noise  may resu l t from  gap-type  d ischarge  caus ing  resonance i n  
a  fi tti ng  or component.  

i v)  I f more  than  one  noise  s ignal  exists,  i t  may be  necessary to  use  the  osci l l oscope  to  
d isti ngu ish  the  sources.  To  determ ine  i f a  noise  source  i s  due  to  bad  contacts  (sparking)  
or corona,  the  fol l owing  i n formation  may be  helpfu l :  

a)  osci l l oscope or te levis ion  p ictures  usual l y g i ve  clear i nd ication ;  

b)  no ise  above  30  MHz i n  fa i r weather is  due  to  sparking ;  

c)  i f the  noise  occurs  on l y i n  fa i r weather,  i t  i s  probabl y due  to  sparking ;  

d )  no ise  due  to  sparking  predom inates  over corona  noise  on  l i nes  below about  70  kV.  

v)  I f the  i nvestigation  i nd icated  that the  source  is  i n  a  substation ,  a  rad io  frequency detector,  
as  described  i n  i tem  e)  or a  smal l  a.m .  portable  rad io  receiver,  wi thout au tomatic gain  
con trol ,  shou ld  be  used .  The  receiver shou ld  be  p laced  near to  the  control  wi ri ng  and  
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earth  connection  of each  i tem  of p lan t,  i n  tu rn ,  so  that the  wiring  may act as  an  antenna  
for the  noise  source.  

vi )  I n  the  case  of a  power l i ne,  when  the  tower i nvolved  has  been  i den ti fi ed ,  the  measuring  
i nstrumentation  described  i n  i tem  d )  shou ld  be  used  to  obtain  further bearings.  The  tower 
shou ld  be  scanned  using  both  horizon ta l  and  vertical  polarization  of the  an tenna  to  
determ ine  whether or not the  s tructu re  conta ins  a  source.  I f no  noise  fi el d  i s  detected ,  a  
further check shou ld  be  made by tun ing  some 1 0  MHz above and  below the  measurement 
frequency (a  nu l l  may occur at  a  particu lar frequency).  

vi i )  The  l ast  s tep  to  p i npoin t  the  source  shou ld  be  carried  ou t  wi th  the  apparatus  described  i n  
i tem  f) .  I t  may be  helpfu l  to  scan  the  i nsu lators ,  e i ther on  the  towers  or i n  the  substation ,  
to  prove  that they are  noise-free.  

vi i i )Low-level  acoustic noise  is  often  associated  wi th  sparking  and  gap-type  d ischarges  and  
the  very narrow beam  wid th  of a  sensi ti ve  u l trason ic  detector,  fi tted  wi th  a  parabol ic  
reflector,  wi l l  often  be  found  usefu l  i n  l ocati ng  the  source.  

ix)  RF-based  DOA estimation  system ,  wh ich  can  l ocate  the  pos i ti on  of the  d i scharge  existing  
wi th in  about  30  m  from  the  system  wi th  h igh  accuracy (e levation  ang les :  error may be 
around  2° ,  azimuth  ang le:  error may be  around  3° ),  i s  avai l able  for temporal l y use  or 
con tinual  veri fication .  I n  case  of the  con tinual  veri fication ,  i t  can  be  a  detector of 
deteriorated  faci l i ty or associated  equ ipment and  parts.  

I n  the  case  of temporal  usage,  the  procedure  to  l ocate  the  rad io  noise  source  due  to  
spark d ischarges  are  as  fol lows;  

a)  Using  the  i nvestigation  apparatus,  obtain  an  au ral  and /or visual  i den ti fi cation  of the  
noise  s ignal  at  the  d isturbed  receiver.  Determ ine  the  frequency range  of the  noise  by 
scann ing  the  re levant part of the  RF  spectrum ;  

b)  I f broadband  noise  appears,  use  the  h ighest possible  frequency for tracking .  Set up  
RF-based  DOA estimation  system  where  broadband  noise  i s  observed  and  l ocate  the  
rad io  noise  source;  

c)  I f narrow band  noise  i s  detected ,  at  the  source's  l ocation ,  the  frequency spectra  of the  
sparking  noise  wi l l  spread  over a  broad  range  to  1 00  MHz.  

7 Formul ae for predetermi nati on  of the radi o noi se fi el d  strength  produced  by 
l arge condu ctor bu ndl es  (more than  four sub-conductors)  an d  
by tubul ar con ductors  

7. 1  Basi c  prin ci pl es  

Subclause  5. 3  reports  a  s imple  formu la  for the  pred iction  of the  rad io  noise  fie l d  strength  to  
be  expected  from  the  conductors  of a  l i ne.  The  formu la,  wh ich  is  empi rical l y based ,  g i ves  the  
most probable  l evel  to  be  expected  from  aged  conductors  i n  fa i r weather at  a  d i rect d istance  
of 20  m  from  the  nearest  conductor at a  measurement frequency of 500  kHz.  The  formu la  i s  
derived  from  measurements  performed  near to  l i nes  operati ng  at  vol tages  between  200  kV 
and  765  kV and  at maximum  vol tage  grad ients  between  1 2  kV/cm  and  20  kV/cm .  The  
measurements  were  performed  on  l i nes  wi th  s i ng le  conductors  and  conductor bund les  up  to  
four sub-conductors.  

Methods  of predeterm ination  of the  rad io  noise  fi e l d  s trength  produced  by l arge  bund les  were  
developed  in  the  frame of the  projects  of overhead  l i nes  at vol tages  equal  to  or h i gher than  
1  000  kV,  on  the  base  of measurements  on  experimenta l  spans  or cages.  They are  based  on  
the  so  ca l l ed  exci tation  function  approach.  

The  exci tation  function  approach  i s  based  on  the  fact that the  corona  curren ts  i n jected  in to  a  
mu l tiphase  l i ne  depend  not  on l y on  the  i n tri nsic  characteristics  of the  conductor under corona  
( i ts  g rad ien t,  sub-conductor d iameter,  etc. )  bu t  a lso  on  the  sel f and  mutual  capaci tance  of the  
mu l ti -conductor system  [4 ] .  The  rad io  noise  cu rrents  are  related  to  the  i n trinsic  corona  
characteristics  of the  conductor (named  exci tation  function  Γ )  th rough  a  re lationsh ip  of the  
type:  
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 I  =   C  ×   Γ   /  (2  π  εo)  

where  

 I  and   Γ   are  the  vectors  of the  phase  rad io  noise  currents  and  exci tation  functions  of 
the  conductors ;  

 C  i s  the  capaci tance  matrix.  

The  measurements  of the  rad io  noise  current  in  a  test configuration  of known  capaci tance  
(cage  or experimental  span)  al l ows  the  determ ination  of the  exci tation  function .  

The  approach  based  on  the  use  of the  exci tation  function  and  anal ytical  methods  to  calcu late  
the  rad io  noise  current propagation  a l l ows  the  predeterm ination  of the  rad io  noise  fie l d  
strengths  for l i ne  configu rations  d i fferent from  the  ones  tested .  

Another important advan tage  of th is  approach  is  that  the  rad io  noise  current measurement i n  
a  cage  a l lows  the  determ ination  of the  exci tation  function  under control led  ambien t cond i ti ons  
(arti ficia l  ra in  correspond ing  to  heavy ra in)  and  for d i fferent  conductor grad ients,  g i ving  thus  
stable  and  reproducible  resu l ts.  

The  predeterm ination  methods  based  on  the  concept of exci tation  function  was  preferred  for 
h igher system  vol tages  (vol tages  equal  to  or h igher than  1  000  kV)  where  corona  i s  general l y 
more cri tical  and  i ts  evaluation  can  be  more  accurate.  Extens ive  research  i n  th is  fi e l d  has  
been  performed  in  various  countries:  Canada  ( IREQ),  Korea  (765  kV Proj ect) ,  I ta l y (1  000  kV 
Project) ,  J apan  (CRIEPI ) ,  USA (GE/EPRI -Project UHV,  AEP/ASEA,  BPA),  USSR 
(1  200  kV Proj ect) .  These  investigations  pri ncipal l y consider the  case  of l arge  bund les  and  the  
predeterm ination  formu lae  g iven  i n  th is  document are  the  resu l t  of the  comparison  and  
rational i zation  of a  wide  number of experimenta l  resu l ts.  

For tubu lar conductors,  a  s im i lar approach  was  fol l owed  that l ed  to  the  predeterm ination  
formu lae  for the  exci tation  function  g i ven  i n  th is  document.  The  experience  ga ined  i n  th is  fie l d  
i s  much  l ess  than  wi th  l arge  bund les  and  consequentl y the  i n formation  provided  i n  th is  
document shou ld  on l y be  used  as  a  gu ide.  

The  i nvestigations  were  made wi th  the  view of poss ible  appl ication  to  overhead  l i nes  at 
vo l tages  equal  to  or h igher than  1  000  kV,  bu t  the  resu l ts  can  be  appl ied  to  the  cases  of rig i d  
tubu lar bus  bars  i n  h i gh  vol tage  substations.  I n  th is  case,  the  gu ided  fi e ld  due  to  the  cu rrents  
i n jected  i n to  the  l i nes  connected  to  the  substation  i s  of importance  (see  5. 7  of 
CISPR TR 1 8-2 :__20) .  

7. 2  Cal cu l ati on  of coron a radi o  n oi se  fiel d  stren g th s  du e  to  l arg e  bu n d les  

7. 2. 1  Procedu re  for th e  predetermi n ati on  of th e  radi o  n oi se fi el d  stren g th  

On  the  basis  of resu l ts  of a  comparative  anal ys is  of the  various  methods  proposed  i n  the  
l i terature  [6  to  1 3 ] ,  the  fol lowing  procedure  i s  proposed  for the  calcu lation  of the  rad io  noise  
fie ld  strength  at  a  g iven  d istance  from  the  l i ne  for l i nes  wi th  symmetrical  bund les  and  aged  
conductors:  

a)  ca lcu lation  of the  exci tation  function  of each  phase  i n  heavy ra in  by means  of a  sem i -
empirical  formu la  (see  7 . 2 . 2);  

b)  appl ication  of a  correction  factor to  obtain  the  exci tation  function  i n  other weather 
categories  (see  7. 2 .3) ;  

c)  determ ination  of the  rad io  noise  fi e ld  strength  profi l e  by means  of complete  or s impl i fied  
anal ytica l  methods  based  on  modal  propagation  (see  7. 2. 4).  

_____________ 
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7. 2. 2  Cal cu l ati on  of th e  exci tati on  fu n ction  i n  h eavy rai n  

The fol lowing  formu la  for the  calcu lation  of the  exci tation  function ,  i n  dB(µA/m 1 /2) ,  i n  heavy 
ra in  i s  proposed :  

Γ h -r  =  70  −  585/g  +  35  log(d)  −  1 0  l og(n)  

where  

g   i s  the  average  of the  maximum  grad ients  of the  i nd i vidual  sub-conductors  ( i n  kV/cm);  

d  i s  the  d iameter of the  sub-conductor ( i n  cm);  

n   i s  the  number of the  sub-conductors  i n  the  bund le.  

Th is  formu la  g ives  satisfactory resu l ts  in  case  of l i nes  wi th  conductors  having  a  ratio  between  
the  sub-conductor spacing  s  and  the  sub-conductor d iameter d h igher than  1 0  to  1 5.  At  
smal l er s/d  ratios,  the  actual  exci tation  function  may prove  to  be  much  h igher than  ca lcu lated  
especial l y i n  the  case  of bund les  made of 1 0  or more  sub-conductors.  

NOTE  A compari son  between  the  d i fferen t formu lae  for the  predeterm inati on  of the  exci tation  function  was  
performed  by CIGRÉ  WG  36. 01  [6] .  The  formu la  proposed  i n  th i s  subclause  g i ves  the  upper envelope  of the  val ues  
that  cou ld  be  obtai ned  wi th  the  other formu lae  and  thus  g i ves  a  conservati ve  evaluation  of the  exci tation  function .  
For th i s  reason ,  the  formu la  i s  used  on ly for pre-design  purposes  and  for compari son  between  d i fferent  l i ne  
des igns.  The  design  of a  l i ne  wi th  l arge  conductor bund l es  wou ld  imply a  more  accurate  eval uation  of the  exci tati on  
function  by means  of measurements  on  experimental  spans  or on  corona  cages.  

7. 2. 3  Correction  factor to  evalu ate  th e  exci tation  fu n cti on  in  oth er weath er categ ori es  

For other weather cond i ti ons  ( l i ght ra in ,  wet conductors,  fa i r weather),  various  experimenters  
fol l owed  d i fferent approaches:  some of them  g ive  formu lae  s im i l ar i n  structure  to  those  g iven  
for the  exci tation  function  i n  heavy ra in ,  bu t wi th  d i fferent  coefficien ts;  some others  propose  
correction  factors  to  be  appl i ed  to  the  heavy ra i n  l evels ,  constan t or depend ing  on  the  vol tage  
grad ien ts,  bund le  configuration  and  surface  cond i ti ons  of the  conductors  ( i n  particu lar new 
and  aged  conductors).  

As  a  gu idance,  i f no  more  precise  i n formation  i s  avai l able  from  tests ,  the  correction  factors  
g i ven  i n  F igure  1  can  be  appl ied  to  the  heavy ra in  exci tation  function  to  obtain  the  50  %  l i ght 
ra in  value  or the  50  %  fa i r weather value.  

I f the  80  %  a l l  t ime  exci tation  function  value,  Γ 80  % ,  i s  requ i red  to  appl y the  i nd ications  of 
l im i ts  g iven  i n  CISPR TR 1 8-2 ,  the  knowledge  of the  percen tage  of the  d i fferent weather 
cond i ti ons  (fai r weather,  ra in ,  fou l  weather,  etc. )  as  wel l  as  the  statistical  d istribu tions  of the  
rad io  noise  under each  such  cond i ti on  is  necessary.  Subclause  4. 3. 4  of CISPR TR 1 8-1 : __21  
shows how the  statis tica l  d istribu tions  are  re lated  to  each  other.  As  a  rough  ind ication ,  Γ 80  %  
cou ld  be  obtained  by subtracting  1 0  dB  to  1 5  dB  from  the  heavy ra in  l evel  i n  temperate  
cl imates.  

7. 2. 4  Calcu l ati on  of th e  rad i o  n oi se fi eld  stren g th  

7. 2. 4.1  Gen eral  

The ca lcu lation  of the  rad io  noise  fi e ld  strength  at  a  g iven  d istance  from  a  three-phase l i ne  
may be  performed  starti ng  from  the  exci tation  function  of each  phase  by means  of anal ytica l  
methods  based  on  modal  propagation  anal ys is.  Several  computer programs were  developed  
to  perform  th is  calcu lation .  They may take  i n to  account the  d iscontinu i ti es  of the  l i ne  (change  
of configuration ,  in terconnection  to  a  substation ,  etc. ) .  A s impl i fi ed  anal yti ca l  method  
appl icable  to  long  l i nes  is  i nd icated  i n  Annex C.  

_____________ 

21   Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  

Provided by IHS Markit under l icense with  IEC



 – 20  – CISPR TR 1 8-3:201 7    I EC  201 7  

To  a l l ow a  rapid  evaluation  of the  rad io  noise  fi e ld  strength  profi les ,  i nstead  of the  anal yti ca l  
methods,  the  method  g iven  be low,  wh ich  g i ves  an  acceptable  approximation ,  can  be  used .  

7. 2. 4.2  Rapid  evalu ation  of th e  radio  n oi se  fi el d  of an  overh ead  l i n e  

The evaluation  of the  rad io  noise  fi e ld  at  a  g i ven  d istance  from  the  l i ne  is  made  by appl ying  to  
the  exci tation  function  a  "fi e ld  correction  factor"  to  obtain  the  rad io  noise  fie l d  strengths  of a  
l ine  of basic  des ign  at  a  g i ven  frequency and  for a  g i ven  ground  res isti vi ty.  The  rad io  noise  
fie ld  for the  l i ne  under exam ination  i s  then  evaluated  by i n troducing  other correction  factors  to  
account  for the  d i fferences  between  the  actual  l i ne  and  that  of the  bas ic case.  

The  evaluation  i s  performed  i n  two  steps.  

Step 1  

The rad io  noise  fi e ld  s treng th  profi l e  for a  l ine  of bas ic characteristics  and  under basic  
cond i ti ons  (ground  res isti vi ty =  1 00  Ω  m ;  frequency =  0, 5  MHz)  is  evaluated  by add ing  to  the  
exci tation  function  a  "fie ld  factor".  F ie l d  factors  for three  basic  phase  conductor config urations  
(flat,  tri angu lar and  de l ta  configuration)  are  g iven  i n  the  F igures  2 ,  3  and  4 .  

Step 2 

The rad io  noise  fie ld  strength  profi l e  for the  actual  l i ne  under cons ideration  is  evaluated  by 
add ing  to  the  rad io  noise  fi e ld  s trength  of the  bas ic  case  the  correction  factors  g i ven  i n  
F igures  5,  6  and  7  for each  of the  fol l owing  parameters:  

ρ  g round  res istivi ty;  

f frequency;  

h  m in imum  heigh t above  the  ground ;  

S  spacing  between  phases;  

d  sub-conductor d iameter;  

n  number of sub-conductors  i n  a  bund le.  

NOTE  Considerati on  of the  external  phase  on ly does  not  undu l y affect  th i s  s impl i fi ed  approach .  A constan t  
d i fference  between  the  exci tation  functi ons  of the  centra l  and  external  phases  i s  assumed  for a l l  confi gurations:  
th i s  assumption  i s  not  general l y veri fi ed ,  bu t  does  not  g i ve  deviati ons  greater than  1  dB  to  2  dB .  An  improvement i n  
accuracy can  be  by considering  the  average  val ue  of the  exci tation  functions.  

7. 3  Evalu ati on  of coron a radi o  n oi se fi el d  stren g th  d u e  to  l arge  tu bu l ar con du ctors  

A procedure  analogous  to  that  suggested  for the  case  of l arge  bund le  conductors  (see  7 . 2 . 1 )  
can  be  fo l l owed :  the  exci tation  function  of each  phase  in  heavy ra in  i s  evaluated  by means  of 
a  sem i -empirica l  formu la  and  a  correction  factor i s  then  appl ied  to  obtain  the  exci tation  
function  i n  other weather categories.  

The  fol lowing  formu la  for the  calcu lation  of the  exci tation  function ,  i n  dB(µA/m 1 /2) ,  i n  heavy 
ra in  i s  proposed :  

Γ  h -r  =  −1 21  +  1 20  log(g)  +  40  l og(d)  

where  

g   i s  the  maximum  grad ient  on  the  conductor ( in  kV/cm);  

d  i s  i ts  d iameter ( i n  cm).  

As  regards  the  corrections  to  be  appl ied  to  obtain  the  exci tation  function  i n  other weather 
categories,  the  fo l l owing  i nd ications  may be  usefu l ,  un ti l  fu rther experience  is  obtained .  
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•  The  exci tation  function  i n  l ight  ra in  can  be  re lated  to  the  one  under heavy ra in  by means  of 
the  correction  factor i nd icated  in  F igure  8 ,  wh ich  i s  re levant to  tubu lar conductors  of 40  cm  
d iameter.  For other d iameters,  one  shou ld  expect,  as  for bund le  conductors ,  the  correction  
i ncreases  as  the  d iameter i ncreases.  

•  As  l arge  tubu lar conductors  have  l ow e lectric  grad ients ,  the  exci tation  function  has  
i nsign i fican t values  i n  fa i r weather cond i tions.  The  80  %  a l l -weather va lue  of the  exci tation  
function  thus  depends  very much  on  the  cl imatic cond i tions.  I n  moderate  cl imates,  th is  
va lue  may be  obtained  from  the  heavy ra in  value  by appl ying  a  correction  h igher than  that 
used  for l arge  bund les.  For these  areas,  a  correction  of 1 5  dB  to  20  dB  is  suggested  unti l  
fu rther in formation  i s  avai lable.  

As  regards  the  surface  cond i ti ons,  the  fol lowing  complementary i n formation  i s  avai lable.  

Tubu lar conductors  are  prone  to  accumulate  more  contam inant than  bund le  conductors ,  the  
effect of wh ich  may be  sufficien t to  a l ter the  exci tation  function .  Tests  have  shown  that the  
exci tation  function  wi l l  not  be  a l tered  by the  effect of pol l u tants  when  the  conductor i s  wet.  
When  d ry,  the  presence  of so l i d  particles  on  the  surface  may increase  the  rad io  noise  to  a  
va lue  as  h igh  as  for the  same conductor i n  ra in  for the  h i ghest grad ients ,  especia l l y for l ow 
d iameter conductors.  

The  formu la  g iven  i n  th is  subclause  may be  u ti l i zed  both  for busbars  or for l i ne  conductors.  

I n  the  case  of busbars,  the  per un i t l eng th  noise  curren t layer I 0  can  be  obtained  from  the  
exci tation  function  Γ  by means  of the  matrix  of capaci tances  of the  busbar system  (accord ing  
to  the  fi rst formu la  of Annex C) .  From  I0 ,  the  tota l  curren t It  i n j ected  by the  busbar i s  then  
obtained .  The  noise  curren t i n j ected  i n to  each  one  of the  n  l i nes  connected  to  the  substation ,  I,  
i s  derived  by means  of the  fo l l owing  re lationsh ip  (see  5. 7. 3  of CI SPR TR 1 8-2 : __22) :  

I  =  It/n  

so  that  i ts  contribu tion  to  the  l i ne  conductor noise  can  be  evaluated  wi th  the  cri teria  i nd icated  
i n  5. 7. 4  of CISPR TR 1 8-2: __23.  

_____________ 
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8 Fi gures  

 

Fig u re 1  – Bu n dl e  con d u ctors  

Correction  factors  to  be  appl ied  to  the  heavy ra in  exci tation  function  to  obta in  the  exci tation  
function  for l i ght ra in  and  for a l l -time weather cond i tions,  as  a  function  of the  maximum  
grad ien t and  number of sub-conductors :  

Γ  l i g h t-rain  =  Γ  h eavy-rai n  +  ∆o  +  ∆c  

The  fa i r weather exci tation  function  i s  obtained  by subtracti ng  1 7  dB  from  the  l i ght ra in  exci -
tation  function .  

Γ  fa i r-weather  =  Γ  l i gh t-rai n  −  1 7  

I n  temperate  cl imates,  the  80  %  value  of the  exci tation  function  Γ  for a l l -time weather cond i -
tions  can  be  obtained  by subtracti ng  1 0  dB  to  1 5  dB  from  the  heavy rain  va lue.  
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Fi gu re  2  – Lin e  wi th  con du ctors  in  a  flat  con fi gu rati on  

Correction  to  be  appl ied  to  the  exci tation  function  calcu lated  for the  central  phase  to  obtain  
the  rad io  noise  fie l d  s trength  i n  dB(µV/m)  as  a  function  of the  d i rect d istance  D  from  the  axis  
of a  l i ne  having  the  fol lowing  characteristics  and  consequent modal  matrix  and  attenuation  
factors:  

h   =  20  m  (m in imum  heigh t above the  ground)  

S   =  1 5  m  (d istance  between  phases)  

d  =  3  cm  (sub-conductor d iameter)  

n   =  8  (number of sub-conductors  i n  a  bund le)  

s   =  450  mm  (bund le  spacing)  

ρ   =  1 00·Ω  m  (g round  resistivi ty)  

f  =  0 , 5  MHz (frequency)  

 N  =  
0,552  0,7070,442

0,625  0,00,781

0,552  0,7070,442

−
−   (modal  matrix)  

α1  =  1 0  ×  1 0−6  Np/m  

α2  =  70  ×  1 0−6  Np/m  (modal  attenuation  factors)  

α3  =  350  ×  1 0−6  Np/m  
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Fi gu re 3  – Lin e  wi th  con d u ctors  i n  a  d el ta  con fi gu rati on  

Correction  to  be  appl ied  to  the  exci tation  function  calcu lated  for the  central  phase  to  obtain  
the  rad io  noise  fie l d  s trength  i n  dB(µV/m)  as  a  function  of the  d i rect d istance  D  from  the  axis  
of a  l i ne  having  the  fol lowing  characteristics  and  consequent modal  matrix  and  attenuation  
factors :  

h   =  20  m  (m in imum  heigh t above the  ground  of the  l ateral  phases)  

h   =  33  m  (m in imum  heigh t above the  ground  of the  cen tral  phase)  

S   =  1 5  m  (d istance  between  phases)  

d  =  3  cm  (sub-conductor d iameter)  

n   =  8  (number of sub-conductors  i n  a  bund le)  

s  =  450  mm  (bund le  spacing)  

ρ  =  1 00  Ω · m  (g round  resistivi ty)  

f  =  0 , 5  MHz (frequency)  

 N  =  
0,574  0,7070,41 2

0,583  0,00,81 2

0,574  0,7070,41 2

−
−   (modal  matrix)  

α1  =  1 0  ×  1 0−6  Np/m  

α2  =  25  ×  1 0−6  Np/m  (modal  attenuation  factors)  

α3  =  300  ×  1 0−6  Np/m  
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Fig u re 4 – Li n e  wi th  con du ctors  i n  a  tri an gu l ar con fig u rati on  

Correction  to  be  appl ied  to  the  exci tation  function  calcu lated  for the  central  phase  to  obtain  
the  rad io  noise  fie l d  s treng th  i n  dB(µV/m)  as  a  function  of the  d i rect d istance  D  from  the  axis  
of a  l i ne  having  the  fol l owing  characteristics  and  consequent modal  matrix  and  attenuation  
factors :  

h   =  33  m  (m in imum  heigh t above the  ground  of the  l ateral  phases)  

h   =  20  m  (m in imum  heigh t above the  ground  of the  cen tral  phase)  

S   =  1 5  m  (d istance  between  phases)  

d  =  3  cm  (sub-conductor d iameter)  

n   =  8  (number of sub-conductors  i n  a  bund le)  

s   =  450  mm  (bund le  spacing)  

ρ   =  1 00  Ω · m  (g round  resistivi ty)  

f  =  0 , 5  MHz (frequency)  

 N  =  
0,447  0,7070,476

0,775  0,00,740

0,447  0,7070,476

−
−   (modal  matrix)  

α1  =  25  ×  1 0−6  Np/m  

α2  =  1 5  ×  1 0−6  Np/m    (modal  attenuation  factors)  

α3  =  250  ×  1 0−6  Np/m  
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Fi gu re  5  – Lin e  wi th  con du ctors  in  a  flat  con fi g u ration  

Corrections  in  dB  to  be  appl ied  to  the  reference  rad io  noise  e lectric fi e l d  streng th  obtained  
from  Figure  2 ,  to  account  for ground  res isti vi ty ρ ,  frequency f,  n umber of sub-conductors  n ,  
i n terphase spacing  S,  m in imum  height  above  the  ground  h  and  sub-conductor d iameter d.  
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Fi gu re  6  – Lin e  wi th  con du ctors  in  a  d el ta  con fi gu ration  

Corrections  in  dB  to  be  appl ied  to  the  reference  rad io  noise  e lectric fi e ld  strength  obta ined  
from  Figure  3 ,  to  account for ground  res isti vi ty ρ ,  frequency f,  n umber of sub-conductors  n ,  
i n terphase  spacing  S,  m in imum  height  above  the  ground  h  and  sub-conductor d iameter d.  
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Figu re 7  – Lin e  wi th  con du ctors  in  a  tri an gu l ar con fi g u ration  

Corrections  in  dB  to  be  appl ied  to  the  reference  rad io  noise  e lectric fi e l d  streng th  obtained  
from  Figure  4 ,  to  account  for ground  res isti vi ty ρ ,  frequency f,  n umber of sub-conductors  n ,  
i n terphase spacing  S,  m in imum  height  above  the  ground  h  and  sub-conductor d iameter d.  
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F i gu re 8  – Tu bu l ar con d u ctors  of 40  cm  d i am eter 

Correction  factor i n  dB  to  be  appl ied  to  the  heavy ra in  exci tation  function  to  obtain  that under 
l igh t ra in  as  a  function  of the  maximum  vol tage  grad ient.  
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An nex A 
(informative)  

 
Form ulae for predictin g  the  radio noise  field  strength  

from  the conductors  of an  overhead  l i n e  

A. 1  CI GRÉ formul a for general  use  

This  s imple  formu la  wi l l  g i ve  the  most probable  rad io  noise  fie l d  s trength  level  and  the  
summation  of fi elds  made  by a  CI SPR measuring  receiver at a  frequency of 500  kHz and  at a  
d i rect d istance  of 20  m  from  the  nearest conductor wi th  the  an tenna  2  m  above  ground .  

The  e lemen tary formu la  for a  s i ng le  phase  of an  AC l ine  i s :  

 E =  3 , 5  gmax  +  1 2  r – 30,    i n  dB(µV/m)  (A. 1 )  

where  

E  i s  the  level  of the  rad io  noise  fie ld  strength ,  i n  dB(µV/m);  

gmax  i s  the  maximum  grad ient of the  RMS  va lue  of the  vol tage  at the  conductor surface,  i n  
kV/cm ;  

r i s  the  conductor rad ius ,  i n  cm .  

Precise  calcu lation  of the  maximum  vol tage  g rad ien t at the  conductor surface  i s  
recommended  because  of i ts  importan t  effect on  the  rad io  noise  level .  A calcu lation  method  is  
suggested  i n  Annex A of CI SPR TR 1 8-1 :__24.  

For s i ng le-ci rcu i t  three-phase  l i nes,  the  previous  formu la  can  be  expanded  to:  

E1  =  3 , 5  gmax 1  +  1 2  r1  – 33  log 1 0  30
20
1 −

D
 

E2  =  3 , 5  gmax 2  +  1 2  r2  – 33  log 1 0  30
20
2 −

D
 

E3  =  3 , 5  gmax 3  +  1 2  r3  – 33  log 1 0  30
20
3 −

D
 

where  D1 ,  D2  and  D3  are  the  d i rect  d istances,  i n  m ,  from  the  phase  conductors  to  the  an tenna  
of the  measuring  i nstrumentation .  

These  formu lae  can  a lso  be  used  to  determ ine  the  l evel  of the  rad io  noise  fi e ld  s trength  at  
measuring  pos i ti ons  other than  the  20  m  reference  d istance.  

The  summation  of these  three  fi eld  strength  con tribu tions  is  made in  the  fol lowing  way:  i f one  
of the  fie l ds  i s  at l east 3  dB  greater than  each  of the  other two,  they are  both  neg lected ,  
otherwise,  we  have.  

5,1
2

ba +
+

=
EE

E ,   i n  dB(µV/m)  

_____________ 

24  Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  
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where  Ea  and  Eb  are  the  two h ighest  among  the  above  three  l evels.  

For a  double  ci rcu i t  l i ne,  the  rad io  noise  fie l d  s treng th  produced  by each  of the  s ix  conductors  
i s  ca lcu lated  as  above at the  measuring  pos i ti on .  The  fi e lds  produced  by the  phases  corres-
pond ing  i n  t ime are  then  added  quadratica l l y and  the  three  resu l ti ng  fie lds  are  summated  as  
above.  

I t  shou ld  be  noted  that th is  method  wi l l  g i ve  the  most probable  noise  l evel  of a  l i ne  in  fa i r 
weather at 500  kHz.  To  obtain  the  l evel  at a  frequency d i fferent from  500  kHz,  the  correction  
shown  i n  F igure  B. 1 4  of Annex B  of CISPR TR 1 8-1 : __25  shou ld  be  used .  I f ca lcu lations  have  
to  be  made for d is tance  d i fferent from  20  m ,  then  the  formu la  i n  5 . 3 . 6  of CISPR TR 1 8-2 :__26  
shou ld  be  used .  

The  rad io  noise  l evel  for weather cond i ti ons  other than  mean  d ry,  fa i r weather can  be  
estimated  us ing  F igure  B . 1 5  of Annex B  of CISPR TR 1 8-1 : __27.  

The  effect  of d i fferen t  a l ti tudes  of phase  conductors  above ground  can  be  taken  i n to  account 
by us ing  the  fol lowing  express ion :  

300
o

oh
aa

EE
−

+= ,   i n  dB(µV/m)  

where  Eo  i s  the  rad io  noise  fie l d  strength  level ,  i n  dB(µV/m)  at  an  a l ti tude  ao  of the  respective  
phase  conductor Eo  actual l y belongs  to,  i n  m ,  and  Eh  i s  the  rad io  noise  fi e ld  s trength ,  i n  
dB(µV/m),  at the  observation  poin t of Eo ,  caused  by a  phase  conductor l ocated  at a  d i fferent 
a l ti tude  a  above  ground ,  i n  m .  

A. 2  Col l ati on  of predetermi nati on  formul ae u sed  by several  i n sti tuti ons  
aroun d  the worl d  

Table  A. 1  contains  an  overview abou t the  separate  terms  of i n  predeterm ination  formu lae  for 
AC  l i nes  used  by several  insti tu tions  around  the  world .  The  i n formation  in  Tabl e  A. 1  was  
obtained  from  a  l i terature  research ,  for more  in formation  see  [5] ,  [1 4,  1 5] .  

Table  A. 2  presen ts  the  complete  formu lae  compris ing  al l  re levant terms  as  in  Table  A. 1  used  
for comparison  purposes,  i . e.  for comparison  of the  rad io  noise  level  rad iated  from  d i fferent 
designs  of HV overhead  power transm iss ion  l i nes.  

Table  A. 3  even tual l y presen ts  examples  for calcu lations  of absolu te  fi e ld  strength  levels  
together wi th  the  resu l ts  of these  calcu lations.  

Table  A. 4,  i n  contrast  to  above Table  A. 1  to  Table  A. 3,  presents  empi rica l  predeterm ination  
formu lae,  wh ich  were  derived  from  l ong  term  test  resu l ts  us ing  test  l i nes,  for DC  l ines  i n  fai r 
weather used  in  several  i nsti tu tions.  

Table  A. 5  shows formu lae  for calcu lation  of the  exci tation  function ,  in  dB(μA/ m ) ,  i n  fa i r 
weather for DC  l i nes.   

 

_____________ 

25 Under preparati on .  S tage  at  the  time  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  

26 Under preparati on .  S tage  at  the  time  of publ i cati on :  CISPR/RPUB  1 8-2: 201 7.  

27 Under preparati on .  S tage  at  the  time  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  
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Table  A. 1  – Empi ri cal  m eth od s,  term s of th e  pred etermi n ation  formu lae d evel oped  by several  in sti tu tion s,  su rvey 

Form u l a  Referen ce  val u e  M axi m u m  g rad i en t Con d u ctor d i am eter N u m ber of 
su bcon d u ctor 

Di rect d i s tan ce  Freq u en cy Weath er 

 [dB(µV/m)]  G  [kV/cm ]    D  [m ]  f [MHz]   

E E0  EG  Ed  En  ED  Ef  Ewl  

CIGRE  a  –30  3 , 5  Gm  6  d  – 






−
20

log30 dD  – – 

400  kV -FG  b  

(Germany)  

53, 7  ±5  ( )1 6,95mg −GK  

Kg  =  3  for 750  kV 

cl ass  

Kg  =  3  for other l i nes,  

Grad ient  l im i ts :  
(1 5  -1 9)  kV/cm  









93,3
log40

d  circuit1,4n −=E  

1,
4

log1 0n >





= n
n

E  








D

K
20

log20 D
 

1,06,1D ±=K  

(0 , 5  to  1  MHz)  












+

+
2

2

1

5,01
log20

f
 

0  for fa i r weather  

1 7  ±  3  for rai n  

ENELb  

( I ta l y)  

47  ( )0,1 58,3 a −G  








0,5
log40

d  ( )nlog1 0  









d

20
log30

D
 

3001

5,01
log20

2

2 q

f
+











+

+

 

E f =  0  for 1  MHz 

1 4  

(Fou l  L50 )  

CRIEPI b  

(J apan)  

– ( ) 32,1 27,3 m ±−G  








53,2
log40

d  
–  














2

1 0
log20

D

h  

h :  he i gh t  d i fference  
between  conductor 
and  an tenna  

( ) ( )ff log1 7log1 2 2 −−
 

U se  of bottom  
surface  
grad ien t  GP  

WESTINGHOUSEb  

(USA)  

46  ( )5,1 75,3 m −G  








51,3
log30

d  
–  











2
d

7,30
log20

D

h  
( )f−11 0  24  

(Ra iny L5 )  

EGU  b  

(Czech  Republ i c)  

1 1  
m5,4 G  –  – ( )dlog34 D−  ( ) ( )ff 2log1 5log22 −−  – 
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Form u l a  Referen ce  val u e  M axi m u m  g rad i en t Con d u ctor d i am eter N u m ber of 
su bcon d u ctor 

Di rect d i s tan ce  Freq u en cy Weath er 

 [dB(µV/m)]  G  [kV/cm ]    D  [m ]  f [MHz]   

Ontario  Hyd ro  b  

(Canada)  

R 








8,1 8
log mGA  








54,2
log40

d  
–  










d

5,30
log

D
B  








+

+
2

1
log20

fC

C  
– 

R  =  34  dB ±6  (50  %  val ue,  fa i r weather)  hori zontal  l i nes  

R  =  37  dB ±6  (50  %  val ue,  fa i r weather)  verti cal  l i n es  

R  =  63  dB (max.  fou l  weather)  hori zontal  l i nes  

R  =  66  dB  (max.  fou l  weather)  verti cal  l i n es  

A  =  1 46  for fa i r 
weather 

A  =  1 20  for fou l  
weather 

B  =  40  for hori zon ta l  
l i nes  

B  =  32  for verti cal  
l i nes  

C  =  1  for f ≥  1  MHz 

C  =  0 , 5  for f <  1  
MHz  

 

KEPCO c  

(Korea)  

–1 05, 81  

–81 , 98  

( )alog42,1 1 7 G  

( )alog56,1 1 9 G  

( )dlog38,40  

( )dlog57,43  

( )nlog54,1  

( )nlog97,3  

( )dlog22,1 0 D−  

( )dlog05,1 9 D−  

( )flog1 0,27−  

( )flog07,25−  

Fa i r 

Fou l  

BPAd  

(USA)  

46  








56,1 7
log1 20 aG  








51,3
log40

d  
– 

2C1C
300

+−
q  ( )( )( )21 0log11 0 f−  1 7  (Rai ny L50 )  

24  (Rai ny L5)  

a  C IGRÉ  WG36. 01 ,  Interferences produced by corona effect of electric systems – Description  of phenomena practical guide for calculation ,  1 974  (see  a l so  reference  [1 4] ) .  

b  I EEE  Rad io  Noise  Subcommi ttee  Report,  Comparison of Radio Noise Prediction Methods With  CIGRE/IEEE Survey Results ,  I EEE  Transactions  On  Power Apparatus  And  
Systems,  Vol .  Pas-92,  N o.  3 ,  May/June  1 973  (see  a l so  reference  [5] ) .  

c  Muno  J u ,  Kwangho Yang ,  Sungho Myung ,  Kooyong  Sh i n ,  Dong i l  Lee,  Development of New Formulas for Predicting Corona Noise from HVAC Transmission Lines,  I CEE  2002,  
pp.  21 47-21 50,  2002  (see  a l so  reference  [1 5] ) .  

d  C IGRÉ  WG36. 01 ,  Interferences produced by corona effect of electric systems – Description  of phenomena practical guide for calculation ,  December 1 996  (see  a l so  reference  
[1 6] ) .  
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Table  A. 2  – Empi ri cal  m eth od s,  compl ete  pred etermi n ati on  form u l ae  d evel oped  by several  i n sti tu ti on s,  su rvey (1  of 2)  

N o.  M eth od  Form u l ae  for com pari son  pu rposes  
Rel ati on  E –  E0 ,  i n  d B  

Th ree  ph ase  n u m ber coeffi ci en ts  
Li m i ts  of val i d i ty,  as  far as  avai l abl e  

1  400  kV FG  
(DE)  [ ] 











+

+
+






⋅+








+








+










⋅=−

2

2
0

1 0
0

1 0D
0

1 0
0

1 0
m

m
1 0g0

1

1
log20loglog1 0log40logdB

0 f

f

D

D
K

n

n

d

d

g

g
KEE  

Kg  =  3   for U  =  765  kV,   and  Kg  =  3 , 5   for U  ≤  700  kV,    
val i d  i n  the  range  1 5  kV/cm  <  gm  <  1 9  kV/cm .  

KD  =  32  ±2,    va l i d  i n  the  range    0 , 5  MHz <  f <  1  MHz.  

1t EE =   for dB32t <− EE ,  and   dB5,1
2

21
t +

+
=

EE
E   for 

dB32t ≥− EE .  

2  ENEL 
( I T)  [ ]

3001

1
log20log30log1 0log40log8,3dB 0

2

2
0

1 0
0

1 0
0

1 0
0

1 0
a

a
1 00

0

qq

f

f

D

D

n

n

d

d

g

g
EE

−
+











+

+
+






+








+








+










=−  

Et  =  E1 ,    the  val ues  of the  components  of E1  from  
conductors  of the  same  phase  to  be  added  q uad rati ca l l y  

3  Sh iobara  
(JP)  [ ] ( ) ( )

2

0
1 0

0
1 021 0

0
1 00m0 log1 2log1 7

1 0
log20log40dB 
















−








−






+








+−=−

f

f

f

f

D

h

d

d
gFgFEE  

As  gm ,  u se  of bottom-surface  g rad ient  GP .  

Fai r weather (50  %  val ues):  

( ) ( ) ( ) 32,1 27,3 m0m ±−=− ggFgF .  

Fou l  weather ( i n  heavy ra in ):  

( ) ( ) cm/kV1 7,31
2

5,1 0 m

2
m

m0m ≤−






−=− g
g

ggFgF .  

( ) ( ) cm/kV1 75,1 9
4

375,4 m

2
m

m0m >+






−=− g
g

ggFgF  

4  WESTING-
HOUSE  
(USA)  

[ ] 







−+






+













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
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


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


+










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0
1 0

0
1 0

0

0
1 0

0
1 0

m

m
1 00 1log40log1 0log20log30log5,3dB

0
d
d

f

f

D

D

h

h

d

d

g

g
EE

x
 

x  =  2  for D  <  60  m ,    and    x  =  1  for D  >  60  m ,   va l i d  i n  
the  range  0 , 2  MHz <  f <  1 , 6  MHz .  

5  EGU  
(CZ)  [ ]

2
0

1 0
0

1 0
0

1 0
m

m
1 00 log1 5log22log34log5,4dB

0







+






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




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



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
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g
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……  

6  ONTARIO 
HYDRE  
(CA)  
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
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
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



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
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
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Table  A. 2  (2 of 2)  

N o.  M eth od  Form u l ae  for com pari son  pu rposes  
Rel ati on  E – E0 ,  i n  d B  

Th ree ph ase  n u m ber coeffi ci en ts  
Li m i ts  of val i d i ty 

7  AEP  test  l i ne  
method  
(USA)  

[ ] 









=−

0

1 00 log5,3dB
m

m

g

g
EE  

On ly for 500  kV and  750  kV l i nes  wi th  the  same confi guration  as  the  
test  l i nes,   fn  =  1  MHz .  

Test  l i ne  Confi gu ration  A:  

500  kV  …  

Confi gu ration  B :  

750  kV …  

Confi gu ration  C:  

750  kV …  

8  GE  Project  
EHV,  Base  
Case  
(USA)  

Th i s  method  g i ves  the  average  RF  d i stu rbance  l evel  i n  fa i r weather.  A seri es  of g raphs  a l l ow for correction  for several  parameters,  see  reference  book 
Ed ison  E lectri c  I nsti tu tes  – 1 968  Chapter V,  pp.  1 73-21 4  [1 ] .  

9  CIGRE  [ ] 301 25,3dB0 −+=− rgEE   

1 0  KEPCO 
(KR)  

Fai r weather:  

[ ] 







−








−








+




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
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








=−

0
1 0

0
1 0

0
1 0

0
1 0

a

a
1 00 log1 0,27log22,1 0log54,1log38,40log41,1 1 7dB

0
f

f

D

D

n

n

d

d

g

g
EE  

… . .  

Fou l  weather:  

[ ] 







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



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+










=−

0
1 0

0
1 0

0
1 0

0
1 0

a

a
1 00 log07,25log05,1 9log97,3log57,43log56,1 1 9dB

0
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n
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d
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g
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1 1  BPA 
(USA)  [ ] 21

0
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2
0
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0

1 0
a

a
1 00 3001

1
log20log40log1 20dB

0
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Table  A. 3  – Predeterm i n ati on  formu l ae,  examples  for calcu l ati on  of th e  absolu te  field  stren gth  l evels  (1  of 2)  

N o.  M eth od  Cal cu l ati on  of th e  absol u te  fi el d  stren g th  l evel  
E  i n  dB(µV/m)  

Col l ati on  of absol u te  fi el d  s tren g th  l evel s  
[dB(µV/m)]  

Fai r weath er 
Averag e fou l  

weath er 
Averag e 

h eavy rai n  

1  400  kV FG  
(DE)  ( )[ ] MHz5,0,

1

5,01
log20

20
log

4
log1 0

93,3
log40

95,1 6
logμV/mdB 02

2

1 01 01 01 0
m

1 0g0 =










+

+
+






⋅+






+






+






⋅+= f

fD
K

ndg
KEE D

 
56  ±5  – 73, 7  ±3  

2  ENEL 
( I T)  ( )[ ] MHz1,

1

2
log20

20
log30

1
log1 0

0,5
log40

1 5
log8,3μV/mdB 021 01 01 01 0

a
1 00 =









+
+







+






+






+






+= f
fD

ndg
EE  55  64  68  

3  Sh iobara  
(JP)  ( )[ ] ( ) ( ) MHz1,

1
log1 2

1
log1 7

1 0
log20

33,2
log40μV/mdB 0

2

0
1 0

0
1 021 01 00m0 =


















−








−








+







+−+= f
ffD

hd
gFgFEE  

– – – 

4  WESTING-
HOUSE  
(USA)  

( )[ ] MHz1,
1

1log40
1

log1 0
20

1 3
log20

51,3
log30

5,1 7
log5,3μV/mdB 01 01 01 01 0

m
1 0 =







 −+






+



















⋅+






+






= f
fD

hdg
E

x d  
48  – 70  

5  EGU  
(CZ)  ( )[ ] MHz1,

1
log1 5

1
log22

20
log34

1 5
log5,4μV/mdB 0

2

1 01 01 0
m

1 0 =






+






+






+






= f
ffD

g
E  

37  47  – 

6  ONTARIO 
HYDRE  
(CA)  

( )[ ] MHz1,
1

log20
5,30

log
54,2

log40
8,1 8

logμV/mdB 021 01 0D1 0
m

1 0g =








+

+
+







⋅+






+






⋅= f
fc

c

D
K

dg
KE  32  

(hori zontal  
l i nes)  

36  

(verti cal  l i nes)  

– 61  

(worst  fou l  
weather,  
hori zontal  
l i nes)  

36  

(worst  fou l  
weather,   
verti cal  l i n es)  

7  AEP  test  
l i ne  method  
(USA)  

( )[ ] 









=

0m

m
1 0log5,3μV/mdB

g

g
E  

Confi gu ration  A 38, 7  55, 7  62 , 7  

Confi gu ration  B  45, 5  62 , 5  69, 5  

Confi gu ration  C  50, 5  67, 5  74, 5  
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Table  A. 3  (2 of 2)  

N o.  M eth od  Form u l ae  for cal cu l ati on  of th e  absol u te  fi el d  s tren g th  l evel  
E  i n  dB(µV/m)  

Referen ce  fi el d  s tren g th  val u e  
E0  [dB(µV/m)]  

Fai r weath er 
Averag e fou l  

weath er 
Averag e 

h eavy rai n  

8  GE  Project  
EHV,  Base  
Case  
(USA)  

Th i s  method  g i ves  the  average  RF  d i stu rbance  l evel  i n  fa i r weather.  A series  of g raphs  a l l ow for correction  
for several  parameters,  see  Reference  book Ed ison  E lectri c  I nsti tu tes  – 1 968  Chapter V,  pp.  1 73-21 4  [1 ] .  

– – – 

9  CIGRE  ( )[ ] MHz1,301 25,3μV/mdB 0 =−+= frgE  –30  – – 

1 0  KEPCO 
(KR)  ( )[ ] MHz1,

1
log1 0,27

1
log22,1 0

1
log54,1

1
log38,40

1
log41,1 1 7μV/mdB 01 01 01 01 0

a
1 0 =







−






−






+






+






= f
fDndg

E  

( )[ ] MHz1,
1

log07,25
1

log05,1 9
1

log97,3
1

log57,43
1

log56,1 1 9μV/mdB 01 01 01 01 0
a

1 0 =






−






−






+






+






= f
fDndg

E  

–1 05, 8  –81 , 98  – 

1 1  BPA 
(USA)  ( )[ ] ( )( ) 21

2
1 01 0

a
1 0 300

1 0log11 0
51,3

log40
56,1 7

log1 20μV/mdB CC
q

f
dg

E +−+−+





+






=  46  63  70  
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Tabl e  A. 4  – Empi ri cal  m eth od s,  compl ete  pred etermi n ation  form u l ae for DC  l in es  d eveloped  by several  in sti tu ti on s,  su rvey (1  of 2)  

N o.  M eth od  Form u l ae  for com pari son  pu rposes  
i n  dB  

Rem ark 

1  BPAa  
(USA)  [ ] 







+






+−+







+








+=

300

9,1 9
log40))1 0log((11 0

62,4
log40

6,25
log867,51 2 q

D
f

dg
RI  

Th is  formu la  has  been  changed  to  refl ect  new and  better 

data  col l ected  from  ± 500  kV l i ne  (CISPR QP  detector)  

2  Annebergb  
(SW) 30

log40)(5,1log20log1 025 o
D

ggrnRI −−+++=  푔0  =  22∙δ  i n  kV/m  where  δ  i s  the  rel ati ve  a i r densi ty  

a,  b  CIGRÉ  WG36. 01 ,  Interferences produced by corona effect of electric systems – Description of phenomena practical guide for calculation,  December 1 996  (see  a l so  
reference  [1 6] ) .  
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Table  A. 4  (2 of 2)  

N o.  M eth od  Form u l ae  for com pari son  pu rposes  
i n  dB  

Rem ark 

3  CRIEPI  
(JP)  

For s i ng le  ci rcu i t  b i polar l i nesc  

2

0
1 0

0
1 021 01 0m0 log1 2log1 7(W)

1 0
log20

53,2
log40)25(8,1 


















−








−+








+







+−+=
f

f

f

f
K

D

hd
gNE

w

 

Fai r weather (50  %  val ues)  

f0  =  1  MHz 









=
=
=

4362

2558

1564

0

,,  

,  

 ,

=

n

n,

n,

N  

h :  he i ght  d i fference  between  a  conductor and  an  an tenna  

Kw:  correction  for hori zon tal  po le  to  po le  d i stance,  W,  

5,85,24w −= W/K  

For d ouble  ci rcu i t  b i polar l i nesd  

2

0
1 0

0
1 0chw21 0g0 log1 2log1 7

1 0
log2020

m 

















−








−+++








+−+=

f

f

f

f
(C)K(H)K(W)K

D

h
)(gKNE  

Pole  

arrangement  
N0  Kg  Kh  Kc  Kw  

⊕−
−⊕  53  1 , 9   –0, 5(C-1 6)  0 , 3(W-22)  

−−
⊕⊕  54  

2 , 3  

  

0 , 2(W-22)  

⊕⊕
−−  44 , 5  0 , 3(H-22)   

 

Fai r weather (50  %  val ues)  

f0  =  1  MHz 

H:  hei gh t  of a  posi ti ve  conductor [m ]  

C:  verti cal  pole  to  pol e  d i stance  [m ]  

W:  hori zon tal  pol e  to  po le  d i stance  [m ]  

 

Kh :  correction  for H  

Kc:  correction  for C  

Kw:  correction  for W 

c  UHV Transm ission  Commi ttee,  Fundamental Study of bulk power transmission ,  CRIEPI ,  No.  1 07,  Oct.  1 981  [20] .  

d  T.  Tsuzu ra,  T.  Sasano:  Studies on  corona and field effects of Shiobara HVDC Test Line part 4 – Radio interference of 4  x 3. 84 cm in  bipolar double circuit configuration ,  
CRIEPI ,  No.  1 8501 8,  Dec.  1 985  [21 ] .  
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Tabl e  A. 5  – Formu l ae for cal cu l ation  of th e  exci tati on  fu n ction  in  fai r weath er for DC  l i n es  d evel oped  by several  i n sti tu tion s,  su rvey 

N o.  M eth od  Form u l ae  for com pari son  pu rposes  
i n  dB  

L i m i ts  of val i d i ty,  as  far as  avai l abl e  
Rem arks  

1  I REQa  
(CA)  







+






+−×+=
6

log
064,4

log40)25( 1 031 010
n

K
d

gKΓΓ  
The excitation function is expressed in  terms of dB above  

1  μA/ m .The empirical constants 훤0 ,  K1 ,  and K3  are given for 
different seasons and for different weather conditions in  the table 
below.  

Season  of 
year 

Weather 
cond i ti ons  

Γ0  K1  K3  Maximum  

error 
(dB)  

Summer Fai r 

Fou l  

27, 01  

20, 35  

1 , 83  

1 , 39  

45, 8  

48, 0  

7 , 0  

–3, 2  

Fal l /Spring  Fai r 

Fou l  

23, 44  

1 9, 84  

1 , 68  

1 , 68  

29, 9  

63, 5  

3 , 9  

4 , 9  

Win ter Fai r 

Fou l  

1 8, 74  

1 9, 52  

1 , 63  

1 , 47  

1 9, 65  

1 0, 0  

4 , 9  

–6, 4  

Overal l  fa i r weather 22, 94  1 , 71  30, 8  –1 2, 0  

Overal l  fou l  weather 1 9, 77  1 , 50  33, 9  –1 0, 4  
 

2  CRIEPI  
(JP)  STN1 0m0 84,3

log403,2 C
d

F +






++= ΓΓ  b  
50  %  val ue  of QP  i n  fa i r weather at  frequency of 0 , 455  MHz,  
former JRTC  

Fm :  maximum  conductor surface  grad i en t  considering  space  
charge  near the  l i ne  

th i s  formu la  can  appl y to  conductor systems  having  n  =  1  to  6  
and  d =  2 , 24  cm  to  5  cm  





≥−
=−

=
2for8,1 3

1for8,7
0 n

n
Γ  

To  calcu late  RI  l evel  based  on  CISPR standard  at  frequency of 
f MHz,  add  fi e l d  factor at  0 , 455  MHz,  Cf =  0 , 455  MHz +  Cf,  and  
CSTN ,  where  Cf =  0 , 455  MHz =  −4, 41 ,  Cf  =  −{1 2(l og  f)

 2  +  1 7  l og  
f},  and  CSTN  =  –3  

c  
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a  P . S .  Maruvada.  N .G .  Tri nh ,  R. D.  Dal l a i re,  N .  Ri vest,  Corona studies for bipolar HVDC transmission at voltages between ±600 kV and 1200 kV – Part 1 :  long-term bipolar line 
studies,  I EEE  Transactions  on  Power Apparatus  and  Systems,  Vol .  1 00,  No.  3 ,  March  1 981 .  [22]  

b  Y.  Sunaga,  Y.  Nakano,  Prediction method of radio noise and audible  noise from HVDC transmission lines,  CRIEPI  report,  No.  T9201 8,  February 1 993.  [23]  

c  The  val ue  of CSTN ,  wh ich  i s  the  convers i on  factor from  the  former JRTC to  CISPR standard ,  i s  deri ved  from  the  fol l owing  paper:  T.  Sasano,  V.  Charti er,  Audible noise and 

radio noise from UHV A.C.  transmission lines (VI)  Radio noise  and audible noise from 8 x Chukar conductor at Lyons test facility,  CRIEPI ,  1 77059,  J une  1 978.  [24]  
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An nex B  
(informative)  

 
Con fi guration  of an  RF-based  spark d ischarge detector 

and  Directi on  Of Arri val  (DOA)  estimation  method  

B. 1  Confi gurati on  of RF-based  spark d i sch arge  detector 

Figure  B. 1  i l l ustrates  the  configuration  of the  spark d ischarge  detector.  The  detector consists  
of an  an tenna  array,  wh i ch  has  e. g .  four vertical  d ipole  an tennas  arranged  i n  square  wi th  1  m  
an tennas  spacing ,  coaxia l  cables ,  a  h igh -speed  d i g i ta l  osci l l oscope,  a  personal  computer (PC),  
and  a  CCD  camera.  

The  an tennas  shou ld  be  fixed  to  a  wooden  frame.  The  rad io  wave noise  i s  received  by the  
an tennas  and  recorded  by a  d ig i ta l  osci l loscope  (e. g .  frequency band :  DC ~  1 2  GHz,  sampl i ng  
rate:  50  GS/s) .  The  antennas  and  osci l l oscope are  connected  by coaxia l  cables.  A PC is  
appl ied  to  estimate  the  DOA.  I t  i s  conven ien t  to  make camera  to  a im  automatical l y at  the  
estimated  DOA by compu ter i nstruction .  

 

Fi gu re  B. 1  – Con fig u ration  of RF-based  spark d isch arg e d etector [1 7]  

B. 2  Di recti on  of Arri val  (DOA)  esti mati on  method  based  on  Ti me Di fference of 
Arri val  (TDOA)  [1 7]  

When,  referring  to  F igure  B .2 ,  the  d is tance  between  a  g i ven  rad io  noise  source  due  to  bad  
con tact and  the  an tenna  array is  sufficien tl y l arge  compared  wi th  the  spacing  S  between  the  
i nd ividual  antennas  i n  that  array,  then  the  rad io  waves  can  be  treated  as  p lane waves,  and  
the  i ncident ang le  θ  (azimuth  ang le  i n  D i rection  of Arri va l  (DOA))  of the  rad io  noise  wave to  
the  an tenna  array can  be  estimated ,  i n  general ,  from  Time  D i fference  of Arri val  (TDOA)  by the  
fol l owing  express ion ,  

 ,1cos 





−=
S

cτ

θ  (B . 1 )  

  

 

 

Wooden  frame  

 

  
 

 
  

 
  

 

 

 

1  m  
1  m  

  

  
  
  

CCD  
camera  

    

 

  

D i pole  an tenna  

Osci l l oscope  

PC (Estimating  DOA 
and  send ing  i nstruction  
to  camera)  

 

Estimated  DOA  

DOA d i splay software  
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where   

c   i s  the  propagation  veloci ty of EM  wave,  and   

τ  i s  a  time d i fference  of arri val .  

 

Figure B.2  – Coord inates  and  arrangement  of the  four-antenna-square  array 

When  us ing  a  four-antenna-square  array as  shown  i n  F igure  B . 2  and  the  TDOA between  the  
an tennas  1  and  3  being  τ1 3 ,  and  the  TDOA between  an tennas  2  and  4  being  τ24 ,  the  

re lationsh ip  between  τ1 3  and  i ncident ang le  θ1 3  and  the  relationsh ip  between  τ24  and  i ncident  
ang le  θ24  can  be  represented  by us ing  Equation  (B. 1 ) .  Us ing  the  i ncident ang les  θ1 3  and  θ24 ,  
the  azimuth  ang le  α0  and  e levation  ang le  β  can  be  represen ted  by 

 01 3 coscoscos αβθ =  (B. 2)  

 024 coscoscos αβθ =  (B. 3)  

From  (B . 1 ),  (B . 2)  and  (B. 3)  α  and  β  can  be  represented  as  

 

°<<°







−°−=

°<<°−







−°=

−

−

31 51 35,tan1 35

1 3545,tan45

1 3

241

1 3

241

α
t
t

α
t
tα

 (B.4)  

 °<<°







+= − 900,cos 2

24
2
1 3

1 3

1 βttβ
S

c
 (B . 5)  

where   

S1 3   i s  the  d is tance  between  an tenna  1  and  3 .  

IEC  
 

A1  

x  

S1 3
 

S 

A2
 

A3
 

A4
 

S  

y  

z 

Ak： antenna k 

S： source  

(k = 1 ,  2,  3 ,  4)  

θ24
 

O
 

α  

θ1 3
 

β 

α0
 

-90°  

90°  

0°  

45°  

-45°  
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An nex C  
(informative)  

 
An al ytical  procedure for the  predetermi nati on  of 

the  radio noise fiel d  stren gth,  at a  g i ven  distance from  
an  overhead  l i ne  with  large bu ndle  conductors  

C. 1  An al yti cal  procedure  

The procedure  makes  reference to  the  geometry of the  l i ne  as  i nd icated  i n  F igure  C. 1 .  

1 )  Determ ination  of the  corona  curren ts   io  at  a  l ong i tud ina l  d istance  x  from  the  reference  
section ,  due  to  the  exci tation  function  Γ  1  of phase  1 ,  considered  constant a long  a l l  the  
l i ne  (un i form  d istribution  of corona  sources).  

 io  =   C ×  Γ   /2πεo             Γ   =  
0

0
1Γ

 

where  

 C  i s  the  matrix of the  l ine  capaci tances;  

εo   i s  the  absolu te  perm i tti vi ty of a i r.  

2)  Determ ination  of the  modal  curren ts   iom ,  by us ing  the  modal  transformation  matrix  N ,  
obtained  as  the  e igenvectors  of the  matrix  B  =   Y  ×   Z  or,  i n  a  more  s impl i fied  
anal ys is,  as  the  eigenvectors  of matrix  C –1  ( Z  and   Y  a re  the  series  impedance  
and  the  shunt  adm ittance  matrices,  respective l y) .  Typical  values  of  N  are  g i ven  for 
d i fferent  l i ne  configurations  i n  F igures  2 ,  3  and  4.  

 iom  =   N –1  ×   io  

Determ ination  of the  modal  curren ts   im (x)  a t  the  reference  section  of the  l i ne,  by u sing  
the  modal  propagation  factors  (λm  =  αm  +  j ×  ßm )  and  considering  subd ivis ion  of the  
curren ts  i n to  the  two  sections  of the  l i ne.  

 im (x)  =  0 , 5  exp(–λm ⋅x)  ×   iom     (m   =  1  à  3)  

The  factors  λm  are  obtained  as  e i genvalues  of the  matrix  B  or experimental l y.  Typical  
va lues  of αm  are  g i ven  for d i fferen t l i ne  configurations  in  F igures  2 ,  3  and  4 .  

3)  Determ ination  of the  phase  curren ts  at the  reference section  of the  l ine.  

 i(x)  =   N  ×   im (x)  

4)  Determ ination  of the  horizon tal  component of the  magnetic fi e ld  strength  H1 (x,y)  and  the  
correspond ing  vertical  component of the  e lectric  fi e ld  s trength  E1 (x,y)  a t  a  g i ven  l ateral  
d istance  y from  a  reference posi tion .  

E1 (x,y)  =  1 20  π  ×  H1 (x,y)  =  60  Σ j  ij (x)  ×  Fj (y)  

where  

Fj (y)  =  z j /[z
2  + (y −  yj )2 ]  +  (zj  +  2p)  /  [(zj  +  2p)2  +  (y −  yj )2 ]  

and  

p  =  )/( ofµρ π ;  
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where  

ρ  i s  the  ground  res isti vi ty (Ω ⋅m);  

f  i s  the  frequency (Hz);  

µo  i s  the  magnetic perm i tti vi ty of the  free  space.  

5)  Accumu lation  accord ing  to  a  quadratic  l aw,  of the  fie l d  streng th  contributions  due  to  a l l  the  
corona  sources  at  various  l ong i tud ina l  d istances  from  the  reference  l ine  section .  

E1 (y)  =  ( )( )2 ,1
2E x y dx∫  

I n troducing  the  previous  express ion  for E1 (x,y) ,  perform ing  the  i n tegration  and  assum ing  
ßm  −  ßn  =  αm  −  αn ,  the  fol lowing  express ion  for E1 (x)  may be  obta ined :  

E1 (y)  =  ( ) ( ) ( )[ ]{ }2
n

2
mnmnm

2
nm,m

2
mm // ααααα ++⋅⋅Σ+Σ AAA  

Am  =  30  iom   Σ i  [Ni , m   Fi (y)]  (m,n  =  modes;  i =  phases)  

6)  With  reference to  the  same l ateral  d is tance  y,  the  same calcu lation  method  is  appl i ed  
assum ing  corona  generation  on  phases  2  and  3 .  

 Γ  2  =  

0

0

2Γ              Γ  3  =  

3

0

0

Γ

 

7 )  Putting  the  three  values  of e lectric  fi e ld  strengths,  expressed  i n  dB(µV/m),  i n  decreas ing  
order [Ea(y)   Eb(y)   Ec(y) ] ,  the  level  of the  tota l  fie l d  s trength  E(y)  i n  dB(µV/m)  is  
obtained ,  accord ing  to  the  CISPR ru le,  as  fol l ows:  

E(y)  =  Ea(y) ,           i f Ea(y)   Eb(y)  +  3  dB,  

E(y)  =  [Ea(y)  +  Eb(y)] /2  +  1 , 5  dB  i n  the  other cases.  

NOTE  For doubl e  ci rcu i t  l i nes ,  the  same procedu re  i s  app l i ed ,  ca l cu l ati ng  the  absol u te  fi e l d  strength  val ues  
E1 ' (y) ,  E1 ' ' (y);  E2 ' (y),  E2 ' ' (y) ;  E3 ' (y) ,  E3 ' ' (y) .  

E1 (y)  =  
( ) ( )[ ]E y E y1 1 "' +

 

E2(y)  =  
( ) ( )[ ]E y E y2 2 "' +

 

E3(y)  =  
( ) ( )[ ]E y E y3 3 "' +

 

An  example  of the  procedure  i l l ustrated  above  i s  g i ven  i n  C lause  C. 2.  

C. 2  Exampl e of cal cul ati on  of the  radi o n oi se fi el d  strength  

Given  a  l ine  wi th  the  fol lowing  characteristics  (reference  i s  made to  the  scheme of F igure  2).  

Vol tage  V =  1  050  kV 

Number of sub-conductors  n  =  8  

Subconductor d iameter d =  3  cm  

Spacing  between  sub-conductors  s  =  45  cm  

M in imum  heigh t on  the  ground  h1  =  h2  =  h3  =  20  m  

Sag  1 5  m  
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I n terphase  spacing  S  =  1 5  m  

Two earth  wi res  

Earth  res isti vi ty    ρ  =  1 00  Ω ⋅m  

Then  the  maximum  vol tage  grad ien ts  are  (see  CISPR TR 1 8-1 :__28,  Annex A):  

•  for the  l ateral  phases  1 6 , 5  kV/cm  

•  for the  cen tral  phase  1 8, 2  kV/cm  

The  exci tation  functions  i n  heavy ra in  (see  7 . 2 . 2):  

•  for the  l ateral  phases   70  – 35, 45  +  1 6, 7  – 9 , 03  =   42, 2  dB(µA/m 1 /2)  

(correspond ing  to  1 28  µA/ m )  

•  for the  cen tra l  phase   70  – 32 , 1 8  +  1 6, 7  – 9 , 03  =   45, 5  dB(µA/m 1 /2)  

(correspond ing  to  1 88  µA/ m )  

The  matrix of capaci tances:  

 C  / 2π εo  =  
20,24410,04930,01 2

10,04930,25610,049

30,01 210,04920,244

−−
−−
−−

 

Consider first corona generation  on phase 1  only.  Then:  

 Γ   1  =  

0,0

0,0

1 28

   (µA/ m )  

 io  =   C ×  Γ   1  /  2π εo  =  
1 2830,01 2

1 2810,049

1 2820,244

×−
×−
×

 =  

57,1

28,6

25,31

−
−  (µA/ m )  

Assum ing ,  for the  s impl i fied  anal ys is:  

 N  =  
0,552  0,7070,421

0,625  0,00,781

0,552  0,7070,442

−
−  [ N –1  =   N T]  

The  modal  curren ts  at the  generation  section  of the  l i ne  then  resu l t i n :  

 io(m)  =   N −1  ×   io  =  
1 2,47

23,22

1 8,02

 (µA/ m )  

Assum ing  the  penetration  depth  p  =  7 , 1  m ,  the  fie ld  factors  then  resu l t i n :  

_____________ 

28  Under preparati on .  S tage  at  the  t ime  of publ i cati on :  CISPR/RPUB  1 8-1 : 201 7.  
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y ( i n  m )  F1 (y)  F2(y)  F3(y)  

0  0 , 055  25  0, 1 0  0, 055  25  

1 0  0 , 033  78  0, 08  0, 096  1 5  

20  0 , 021  69  0, 05  0, 099  01  

30  0 , 01 4  79  0, 030  76  0, 058  1 4  

40  0 , 01 0  63  0, 02  0, 045  25  

50  0 , 007  96  0, 01 3  79  0, 028  09  

 

The modal  attenuation  factors  for the  l i ne  under cons ideration  (wi th  ρ  =  1 00  Ω · m  and  
f =  0 , 5  MHz)  are  assumed  to  be  

α1  =    1 0  ×  1 0−6  Np/m  

α2  =    70  ×  1 0−6  Np/m  

α3  =   350  ×  1 0−6  Np/m  

The  e lectric fie l d  s trength  l evel  E1 (y)  resu l ts  i n :  

Y ( i n  m )   E1 (y)  ( i n  dB(µV/m))  

0                71 , 0  

1 0        70 , 2  

20               69 , 2  

30                66, 3  

40                62 , 7  

50                59, 4  

Consideration of corona generation on  phase 2 only.  

 Γ   2  =  

0,0

  1 88

0,0

 (µA/ m )  

With  the  same approach  as  before,  the  e lectric  fie ld  s trength  l evel  E2(y)  resu l ts  i n :  

y ( i n  m )   E2(y)  ( i n  dB(µV/m))  

0                79 , 9  

1 0        77 , 9  

20                76, 0  

30                73, 1  

40                69, 7  

50                66, 5  

Consideration of corona generation  on  phase 3 only.  

 Γ   3  =  

1 28

,

,

00

00

 (µA/ m )  
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With  the  same approach  as  before,  the  e lectric  fi e l d  s trength  l evel  E3(y)  resu l ts :  

y ( i n  m )   E3(y)  ( i n  dB(µV/m))  

0                71 , 0  

1 0        74 , 1  

20                75, 1  

30                72 , 3  

40                68, 5  

50                63, 1  

Total electric field evaluation 

Accord ing  to  the  CISPR ru le,  the  tota l  e lectric fie l d  streng th  level  i s  then :  

y ( i n  m )   E(y)  ( in  dB(µV/m))  

0                79, 9  

1 0        77, 9  

20                77, 1  

30                74 , 2  

40                70 , 6  

50                67, 1  

The  lateral  fi e ld  s trength  profi l es  of E1 ,  E2 ,  E3  and  of the  tota l  fi e l d  streng th  E  are  p lotted  i n  
F igure  C.2 .  
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Fig u re C. 1  – Design ati on  of th e  g eometrical  qu an ti ti es  
for th e  si mpl i fi ed  an al ytical  m eth od  

IEC 

z 

y 
x 

z1  z2  

z3  

x 

Reference 
section 

y3  

y2  

y1  

3 

2 

1  

Γ1  

Provided by IHS Markit under l icense with  IEC



 – 50  – CISPR TR 1 8-3:201 7    I EC  201 7  

 

Fi gu re C. 2  – Lateral  profi l es  of th e  rad i o  n oi se  field  stren gth s  produ ced  by 
th e  in d ivid u al  ph ases  an d  of th e  total  fi eld ,  as  cal cu l ated  in  th e  g iven  exam pl e  
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