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___________ 

 
BUSHINGS – SEISMIC  QUALIFICATION  

 
FOREWORD 

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

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

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

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

5)  I EC  i tse l f d oes  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod i es  provi de  con form i ty 
assessmen t servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of con form i ty.  I EC  i s  not  respons ib l e  for any 
servi ces  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  l i ab i l i ty sha l l  a ttach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi d ual  experts  and  
members  of i ts  techn i ca l  commi 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 ega l  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  u se  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

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

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

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ i cation  of a  Techn ical  
Speci fi cation  when  

•  the  requ i red  support cannot be  obtained  for the  publ i cation  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  The  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  
the  fu tu re  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fi cations  are  subject to  review wi th in  th ree  years  of publ i cation  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  61 463,  wh ich  i s  a  Techn ical  Speci fication ,  has  been  prepared  by subcommi ttee  36A:  
I nsu lated  bush ings,  of I EC  techn ical  commi ttee  36:  I nsu lators.  
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The  text of th i s  document i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

36A/1 78/DTS  36A/1 79/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  document can  be  found  i n  the  report on  
voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  d rafted  i n  accordance  wi th  the  I SO/IEC  D i rectives,  Part 2 .  

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

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that  i t  contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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I NTRODUCTION  

As i t  i s  not a lways  possib le  to  define  accurately the  seismic severi ty at the  bush ing  fl ange  
l evel ,  I EC  TS  61 463,  wh ich  i s  a  Techn ical  Speci fi cation ,  presents  th ree  a l ternative  methods  
of qual i fi cation .  The  th ree  methods  are  equal l y acceptable.  I f the  requ i red  response  spectrum  
(RRS)  at  the  bush ing  flange  i s  not known,  a  severi ty ( i n  terms  of acceleration  values)  based  
on  standard  response  spectra  at  the  g round  l evel  may be  used  to  carry ou t qual i fi cation  
through  one  of the  th ree  methods  described  i n  th i s  document.  

When  the  envi ronmental  characteri sti cs  are  not su fficien tl y known,  qual i fi cation  by stati c 
calcu lation  i s  acceptable.  Where  h igh  safety re l iabi l i ty of equ ipment i s  requ i red  for a  speci fi c 
envi ronment,  precise  data  are  used ,  therefore  qual i fi cation  by dynamic analysis  or vibration  
test i s  recommended .  The  choice  between  vibration  testing  and  dynamic analysis  depends  
main ly on  the  capaci ty of the  test faci l i ty for the  mass  and  volume  of the  specimen ,  and ,  a l so  
i f non -l i neari ti es  are  expected .  

When  qual i fi cation  by dynamic analysis  i s  foreseen ,  i t  i s  recommended  that the  numerical  
model  be  ad justed  by using  vibration  data  (see  Clause  5).  

Th is  document was  prepared  wi th  the  i n ten tion  of being  appl icable  to  bush ings  whatever thei r 
construction  materia l  and  thei r i n ternal  configuration .The  i n formation  contained ,  orig inal l y 
d i rected  to  porcela in  bush ings,  has  been  partia l l y updated  to  i nclude  a lso  composi te  
bush ings.   
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BUSHINGS – SEISMIC  QUALIFICATION  
 
 
 

1  Scope 

I EC  TS  61 463,  wh ich  i s  a  Techn ical  Speci fication ,  i s  appl icable  to  a l ternating  cu rren t and  
d i rect curren t bush ings  for h ighest vol tages  above  52  kV (or wi th  resonance  frequencies  
p laced  i ns ide  the  seismic response  spectrum),  mounted  on  transformers,  other apparatus  or 
bu i l d ings.  For bush ings  wi th  h ighest vol tages  l ess  than  or equal  to  52  kV (or wi th  resonance  
frequencies  p laced  ou tside  from  the  seismic response  spectrum),  due  to  thei r characteristics,  
se ismic qual i fi cation  i s  not used  as  far as  construction  practice  and  seismic construction  
practice  comply wi th  the  state  of the  art.  

Th is  document presents  acceptable  seismic qual i fi cation  methods  and  requ i rements  to  
demonstrate  that a  bush ing  can  main tain  i ts  mechan ical  properties,  i nsu late  and  carry curren t 
du ring  and  after an  earthquake.  

The  seismic qual i fi cation  of a  bush ing  i s  on ly performed  upon  request.  

2  Normative  references  

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

I EC  60068-2-47,  Environmental testing – Part 2-47: Test – Mounting of specimens for 
vibration,  impact and similar dynamic tests  

I EC  60068-2-57,  Environmental testing – Part 2-57: Tests – Test Ff: Vibration – Time-history 
and sine-beat method 

I EC  60068-3-3: 1 991 ,  Environmental testing – Part 3-3:  Guidance – Seismic test methods for 
equipments  

I EC  601 37,  Insulated bushings for alternating voltages above 1  000 V 

I EC  61 462,  Composite  hollow insulators – Pressurized and unpressurized insulators for use 
in  electrical equipment with  rated voltage greater than 1  000 V – Definitions,  test methods,  
acceptance criteria  and design recommendations  

I EC  621 55 ,  Hollow pressurized and unpressurized ceramic and glass insulators for use in  
electrical equipment with  rated voltages greater than 1  000 V 

I EC  6221 7 ,  Polymeric insulators for indoor and outdoor use – General definitions,  test 
methods and acceptance criteria  

I SO  2041 ,  Mechanical vibration,  shock and condition  monitoring – Vocabulary 

3  Terms  and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  i n  I EC  60068-3-3,  
I EC  601 37,  I EC  61 462,  I SO  2041  and  the  fol lowing  apply.  
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I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai l able  at h ttp: //www.electroped ia. org / 

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

 

3.1   
cri tical  cross-section  
section  of the  bush ing  that i s  most l i kely to  fa i l  du ring  an  earthquake  

3.2   
response  spectrum  
plot of the  maximum  response  to  a  defined  i npu t motion  of a  fami ly of s i ng le-degree-of-
freedom  bod ies  at a  speci fied  damping  ratio  

[SOURCE:  I EC  60068-2-57:201 3,  3 . 1 8,  mod i fied  — The  words  "as  a  function  of thei r natu ral  
frequencies  and  at a  speci fied  damping  ratio"  has  been  replaced  by "at a  speci fied  damping  
ratio" . ]  

3.3   
rig id  equ ipment 
equ ipment whose  natu ral  frequency i s  g reater than  33  Hz i s  considered  rig id  for the  purpose  
of th is  techn ical  speci fi cation  

3.4  
standard  frequency range 
predominant frequencies  of a  typical  earthquake  

Note  1  to  en try:  Th i s  range  i s  genera l l y between  0 , 3  H z  and  33  Hz.  

Note  2  to  en try:  Th i s  range  i s  su ffi ci en t  to  d eterm ine  the  cri t i ca l  frequencies  of the  equ i pmen t  and  for i ts  testi ng .  
I n  certa i n  cases  the  test  frequency range  may be  extended  or reduced  dependen t  on  the  cri ti ca l  frequencies  
presen t,  bu t  th i s  sha l l  be  j u sti fi ed .  

3.5   
zero  period  acceleration  
h igh  frequency asymptotic value  of acceleration  of a  response  spectrum  (above  the  cu t-off 
frequency of 33  Hz)  

Note  1  to  en try:  Th i s  accel erati on  corresponds  to  the  maximum  accel erati on  of the  time  h i s tory u sed  to  deri ve  the  
spectrum.  

4 Symbols  and  abbreviated  terms  

abg  equ ivalen t maximum  acceleration  to  the  cen tre  of g ravi ty of the  bush ing  du ring  the  
seismic even t 

af  maximum  acceleration  of the  bush ing  flange  

ag  maximum  acceleration  of the  g round  resu l ting  from  the  motion  of a  g iven  earthquake  

 NOTE  a
g  
i s  equa l  to  the  zero  period  acce l erati on  (ZPA)  of F i gu re  2 .  

d  damping  of the  bush ing  

dp  d i stance  between  the  centre  of g ravi ty of the  part of the  bush ing  wh ich  i s  under 
consideration  and  the  cri ti cal  cross-section  

f0  fi rst  natu ral  frequency of the  bush ing  
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K superelevation  factor between  g round  and  bush ing  fl ange:  factor accounting  for the  
change  i n  the  acceleration  from  the  g round  to  the  fl ange  due  to  the  ampl i fi cation  by 
foundation ,  bu i l d ings  and  structu re  

mp  mass  of the  part of the  bush ing  wh ich  i s  under consideration  

Ms  bend ing  moment at the  cri ti cal  cross-section  of the  part of the  bush ing  considered ,  
due  to  an  earthquake  

R  response  factor derived  from  the  requ i red  response  spectrum  (RRS)  as  the  ratio  
between  the  response  acceleration  and  the  ZPA (see  F igure  3)  

RRS  requ i red  response  spectrum:  response  spectrum  speci fied  by the  user 

Sc  coefficien t establ i shed  to  take  i n to  account the  effects  of both  mu l ti frequency 
exci tation  and  mu l timode  response  

Sa  spectral  acceleration  

ZPA zero  period  acceleration  (see  ag )  

5 Methods  of seismic qual i fication  

Seismic qual i fi cation  shou ld  demonstrate  the  abi l i ty of a  bush ing  to  wi thstand  seismic 
stresses  and  to  main tain  i ts  requ i red  function  wi thou t fa i l u re,  during  and  after an  earthquake  
of a  speci fied  severi ty (see  Clause  6).  

As  bush ings  are  mounted  on  apparatus  or bu i l d ings,  the  seismic qual i fi cation  of the  bush ing  
must consider the  behaviour of the  system  on  wh ich  the  bush ing  i s  fi xed .  I n  the  seismic 
qual i fi cation  of a  bush ing ,  a l l  parts  shou ld  be  i ncluded ,  wh ich  con tribu te  to  the  stresses  i n  the  
cri ti cal  cross-sections  du ring  a  seismic even t,  for example  the  conductor and  i nner spacer i n  
gas  i nsu lated  bush ings.  

Three  methods  and  combinations  thereof are  described  i n  th is  document:  

– qual i fi cation  by stati c calcu lation  (Clause  7);  

– qual i fi cation  by dynamic analysis  (Clause  8);  

– qual i fi cation  by vibration  test (Clause  9) .  

A combination  of the  methods  may be  used  

– to  qual i fy a  bush ing  wh ich  cannot be  qual i fied  by testing  a lone  (e. g .  because  of s ize  
and /or complexi ty of the  apparatus),  

– to  qual i fy a  bush ing  a l ready tested  under d i fferen t seismic cond i tions,  and  

– to  qual i fy a  bush ing  s im i lar to  a  bush ing  a l ready tested  bu t wh ich  i ncludes  mod i fi cations  
i n fluencing  the  dynamic behaviour (e. g .  change  i n  the  l eng th  of i nsu lators  or i n  the  mass).  

Vibrational  data  (damping ,  cri ti cal  frequencies,  stresses  of cri ti cal  e lements  as  a  function  of 
i npu t acceleration )  for analysis  can  be  obtained  by 

a)  a  dynamic test on  a  s im i l ar bush ing ,  

b)  a  dynamic test at reduced  test l evel ,  and  

c)  determination  of natural  frequencies  and  damping  by other tests  such  as  free  osci l l ation  
tests  or s ine  sweep  tests  (see  Annex B).  

The  methods  resu l t  i n  the  value  of Ms  which  i s  determined  for each  part of the  bush ing  on  
e i ther s i de  of the  fl ange.  The  stress  due  to  th i s  moment shou ld  be  combined  wi th  the  other 
stresses  acting  i n  the  bush ing ,  and  i t  shou ld  be  demonstrated  that the  bush ing  wi thstands  the  
combined  stress  (Clause  1 0).  

The  d i fferen t  methods  of seismic qual i fi cation  are  i l l ustrated  i n  the  flow chart g iven  i n  Annex 
A.  

Copyright International  Electrotechnical  Commission  



 – 1 0  – I EC  TS  61 463:201 6  © I EC  201 6  

6 Severi ties  

6.1  At the  ground  

The  ground  acceleration  depends  upon  the  seismic cond i tions  of the  s i te  where  the  
apparatus  i s  to  be  l ocated .  When  i t  i s  known ,  i t  shou ld  be  prescribed  by the  re levant 
speci fi cation .  Otherwise,  the  severi ty l evel  shou ld  be  selected  from  Table  1 .  

Table  1  – Ground  acceleration  levels  

Ground  

acceleration  

reference  

Description  of earthquake  

General  
ZPA  =  a

g
m/s2  

Richter 

scale  magn i tude  

UBC  

zonea  
I n tens i ty MSKb  RRS  

AG2  L i gh t  to  med i um  
earthquakes  

2  (0 , 2  g )  <  5 , 5  1  to  2  <  VI I I  F i gu re  1 c  

AG3  Med i um  to  s trong  
earthquakes  

3  (0 , 3  g )  5 , 5  to  7 , 0  3  VI I I  to  I X F i gu re  1 c  

AG5  S trong  to  very strong  
earthquakes  

5  (0 , 5  g )  >  7 , 0  4  >  I X  F i gu re  1  

a  Approximate  Un i form  bu i l d i ng  code  zone  ( I n ternati onal  con ference  of bu i l d i ng  offi ci a l s) .  

b  MSK (Medvedev-Sponheuer-Karn i k)  corresponds  to  mod i fi ed  Mercal l i  i n tens i ty sca l e .  

c  Va l ues  for AG2  and  AG3  are  obta i ned  by mu l ti p l yi ng  the  va l ues  from  F i gu re  2  by 2 /5  and  3/5  respecti ve l y.  

 

The  selected  qual i fi cation  l evel  shou ld  be  i n  accordance  wi th  expected  earthquakes  of 
maximum  ground  motions  for the  s i te  l ocation ,  for wh ich  certain  structu res,  systems  and  
components  are  designed  to  remain  functional .  These  structu res  are  those  essentia l  to  
assure  proper function ,  i n tegri ty and  safety of the  tota l  system  (S2  type  earthquakes,  
accord ing  to  I EC  60068-3-3).  

For qual i fi cation ,  i t  shou ld  be  assumed  that 

– the  horizon tal  movements  as  described  i n  Table  1  act i n  any d i rection  

– the  severi ti es  of the  vertical  accelerations  are  50  %  of the  hori zontal  ( i f a  d i fferent value  i s  
used ,  a  j usti fication  shal l  be  provided ),  and  

– both  d i rections  may reach  thei r maximum  values  s imu l taneously.  

The  ground  motion  can  be  described  by natu ral  time  h i stories  when  known ,  or by arti fi cia l  
time  h istories,  wh ich  shou ld  comply wi th  the  RRS;  th i s  i s  used  as  i npu t for dynamic analysis  
or vibration  test on  the  complete  apparatus.  

NOTE  I n formati on  on  the  corre l ati on  between  se i sm ic  qua l i fi cati on  l evel s ,  se i sm ic  zone  and  se i sm ic  sca l es  i s  

g i ven  i n  I EC  60721 -2 -6  [1 ] 1  and  I EC  60068-3-3 .  

6.2  At the  bushing  flange  

The  severi ty at the  bush ing  flange  (see  F igure  5)  may be  avai l able  from  the  manufacturer of 
the  apparatus  and  structu res  ( i . e .  transformers,  gas  i nsu lated  apparatuses  (G IS),  bu i l d ing )  i n  
terms  of RRS  or maximum  acceleration  (a f) .  Where  no  i n formation  i s  avai l able,  the  fol l owing  
s impl i fied  formu la  i s  used  i n  order to  establ i sh  an  acceleration  value  at  the  fl ange  of the  
bush ing .   

af  =  K ×  ag  

The  superelevation  factor K can  be  

_____________ 

1  Numbers  i n  square  brackets  refer to  the  B i b l i og raphy.  
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– calcu lated  by fi n i te  e lement analysis  i nclud ing  soi l  i n teraction  or any other carefu l  
model l i ng ,  or 

– derived  from  resu l ts  from  calcu lations  or tests  on  comparable  apparatus  or structu res,  or 

– taken  from  typical  va lues  obtained  from  experience.   

 

So  far,  very l i ttl e  experience  i s  reported .  Un less  more  background  i n formation  i s  avai lable,  K 
shou ld  be  assumed  to  be  1  for th rough-wal l  bush ings,  1 , 5  for G IS  bush ings  and  for 
transformer bush ings  d i rectly mounted  on  the  transformer cover,  and  2  for transformer 
bush ings  mounted  on  a  tu rret.  I f the  mounting  configuration  on  the  transformer i s  not known ,  
K wi l l  be  assumed  as  1 , 5.   

See  a l so  I EC  60068-3-3: 1 991 ,  Table  4 .  

7  Qual i fication  by static  calcu lation  

Th is  method  i s  va l i d  for ri g id  equ ipment.  I t  may be  extended  to  fl exib le  equ ipment,  such  as  a  
bush ing ,  taking  i n to  consideration  the  response  factor R ,  as  an  a l ternative  to  the  method  by 
analysis.  Th is  a l l ows  s impler evaluation  wi th  i ncreased  conservati sm.  

Using  the  static calcu lation  method ,  the  bend ing  moment i n  the  cri ti cal  cross-section  of the  
part of the  bush ing  under consideration  i s  ca lcu lated  from  an  equ ivalen t acceleration  of the  
cen tre  of g ravi ty of that part  (abg ) :  

Ms  =  abg  ×  dp  ×  mp  

Th is  acceleration ,  abg ,  i s  ca lcu lated  from  the  flange  acceleration  a f  by mu l tip l i cation  wi th  a  
coefficien t Sc  and  the  response  factor R  (see  Annex C):  

abg  =  a f  ×  Sc  ×  R  

The  value  of Sc  d epends  on  the  natu ral  frequency f0  of the  mounted  bush ing :  

f0  ≤  8  Hz  Sc  =  1 , 5  

8  <  f0  <  33  Hz Sc  =  1  +  0 , 5  ×  (33  –  f0)  /  (33-8)  

f0  ≥  33  Hz Sc  =  1 , 0  

I f the  natural  frequency f0  i s  not known,  the  conservative  value  Sc  =  1 , 5  shou ld  be  used .  

The  value  R  can  be  establ i shed  by one  of the  fol l owing  methods.  

a)  From  the  spectrum  at the  bush ing  fl ange  ( i f avai l able).  

b)  When  the  spectrum  at the  bush ing  flange  i s  not known ,  the  spectrum  at the  g round   
(F igure  2)  may be  used  assuming  that the  l evels  at a l l  frequencies  are  equal l y ampl i fied  
(K factor)  from  the  g round  to  the  flange.  For such  cases,  the  values  of R  are  summarized  
i n  F igure  3 .  The  value  of R  i s  derived  from  the  RRS  (F igure  2  and  Table  4)  by d i vid ing  the  
spectrum  values  wi th  the  ZPA value  of asymptotic acceleration .  

I n  order to  correctly use  the  R  va l ues,  i t  i s  necessary to  know the  fi rst natu ral  frequency f0  
and  the  damping  d  %  of the  bush ing  mounted  on  i ts  supporti ng  structu re.  The  natu ral  
frequency can  e i ther be  calcu lated  as  i nd icated  for the  superelevation  factor or found  by a  
free  osci l l ation  test as  described  i n  Annex B.  

c)  R  may be  assumed  to  be  equal  to  2 , 5  when  i n formation  for frequency f0  and  damping  d  %  
of the  bush ing  mounted  on  a  transformer i s  not avai lable.  The  value  of 2 , 5  corresponds  to  
the  frequency range  1 , 1  Hz  to  8  Hz and  5  %  damping  ratio  (ref.  to  F igure  3  and  Table  5) .  
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d )  R  may be  assumed  to  be  equal  to  2 , 9  when  i n formation  for frequency f0  and  damping  d  %  
of the  bush ing  mounted  on  a  G IS  structu re  i s  not avai lable.  The  value  of 2 , 9  corresponds  
to  the  frequency range  1 , 1  Hz  to  8  Hz and  3  %  damping  ratio  (ref.  to  F igure  3  and  Table  
5) .  

D i fferen t R  va l ues  can  be  agreed  between  purchaser and  manufacturer i f j usti fi ed .  

Col l ected  data  show that the  fi rst natu ral  frequency of a  mounted  bush ing  i s  l ower than  that 
of the  bush ing  i tsel f.  Reported  natu ral  frequencies  show a  g reat variation ,  wh i le  the  damping  
ratios  l i e  wi th in  a  l im i ted  range  (see  Table  2  and  Table  3) .  

An  example  of the  appl i cation  of the  method  for bush ings  mounted  on  a  transformer i s  g i ven  
i n  Annex D.  

Table  2  – Dynamic parameters  obtained  from  experience   
on  bush ings  wi th  porcelain  insu lators  (f0  =  natural  frequency,  d =  damping)  

Type  of 

mounting  

H ighest  vol tage  of equ ipment 

1 23  kV to  1 70  kV 245  kV to  362  kV 420  kV to  550  kV 800  kV to  1  200  kV 

f0  
[Hz]  

d  
[% ]  

f0  
[Hz]  

d  
[% ]  

f0  
[Hz]  

d  
[% ]  

f0  
[Hz]  

d  
[% ]  

Bush i ng  a l one  
(mounted  on  a  
ri g i d  structu re)  

1 5  to  35  2  to  4  1 0  to  24  2  to  4  3  to1 0  2  to  5  1 . 5  to  5  2  to  6  

Bush i ng  moun ted  
on  a  transformer 
tank 

5  to  20  3  to  6  5  to  1 5  5  3  to  8  5  1  to  4  5  

Bush i ng  moun ted  
on  a  G I S  

4  to  1 2  3  to  5  4  to  1 0  – 3 , 5  to  1 0  – 4  to  5  1 , 5  to  3  

Bush i ng  moun ted  
on  a  bu i l d i ng  

–  – – – – – – – 

NOTE  1  I n  the  case  of specia l  d i ss ipati ng  systems,  h i gher damping  rati os  can  be  obta i ned .  

NOTE  2  Add i ti ona l  d ata  wi l l  be  i ncl uded  i n  th i s  tab l e  based  on  experi ence  of the  practi ca l  app l i cati on  of th i s  
techn i ca l  speci fi cati on .  

 

Table  3  – Dynamic parameters  obtained  from  experience  on   
bush ings  wi th  composi te  insu lators  (f0=  natural  frequency,  d =  damping)  

Type  of 

mounting  

H ighest vol tage  of equ ipment 

1 23  kV to  1 70  kV 245  kV to  362  kV 420  kV to  550  kV 800  kV to  1  200  kV 

f0  
[Hz]  

d  
[%]  

f0  
[Hz]  

d  
[% ]  

f0  
[Hz]  

d  
[%]  

f0  
[Hz]  

d  
[% ]  

Bush i ng  a l one  
(mounted  on  a  
ri g i d  structu re)  

1 4  to  1 8  1 . 5  to  2  5 , 5  to  1 3  1  to  3 , 5  3 . 5  to6 , 5  1  to  4    

Bush i ng  moun ted  
on  a  transformer 
tank 

        

Bush i ng  moun ted  
on  a  G I S  

  1 0   4  to  5 , 5  1  to  4    

Bush i ng  moun ted   
on  a  bu i l d i ng  

        

NOTE  1  I n  the  case  of specia l  d i ss i pati ng  systems,  h i gher damping  rati os  can  be  obta ined .  

NOTE  2  An  empty space  means  that  data  are  not  yet  ava i l ab l e .  Add i ti ona l  data  or ranges  of va l ues  wi l l  be  
i ncl uded  i n  th i s  tab l e  based  on  experience  of the  practi ca l  appl i cati on  of th i s  techn i ca l  speci fi cati on .  
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8  Qual i fication  by dynamic analysis  

8.1  General  

For dynamic analysis,  the  whole  structu re,  the  apparatus  and  the  g round  cond i tions  i nclud ing  
foundations,  wi th  the  mounted  bush ing ,  shou ld  be  model led  by fi n i te  e lements  or other 
mathematical  model l i ng  techn ique,  taking  i n to  consideration  the  speci fic values  of e lastici ty 
and  damping  of a l l  e l ements  as  wel l  as  the  re levant masses.  The  structure  may be  assumed  
to  behave  l i nearly and  e lastical l y except specia l  se ismic equ ipment (see  1 0 . 3 ,  c)) ,  wh ich  
shou ld  be  model led  wi th  i ts  actual  properties.  The  l i near values  used  shou ld  correspond  to  
the  values  expected  at the  seismic l oad  l evel .  

Natu ral  frequencies  of the  bush ing ,  the  rocking  motion  of the  foundation  and  responses  at the  
top  of the  bush ing  are  i n fl uenced  by the  mass  of the  foundation ,  by the  spring  constan t and  
by the  damping  coefficien t of soi l .  When  the  natu ral  frequency of the  bush ing  and  the  one  of 
the  rocking  motion  are  coinciden t,  resonant phenomena  occur and  h igh  response  at the  top  
of the  bush ing  can  be  produced .  

I f then  the  cond i tion  of the  soi l  i s  not good  (soft) ,  the  model ing  of the  total  transformer system  
(soi l  – foundation  – transformer body – tu rret – bush ing ,  refer to  F igure  1 )  wi l l  be  necessary.  

The  model  i n  F igure  1  i s  an  example  of the  whole  system  [3] .  

 

Symbols  

m i:  mass  

K
i
, C

i
:  Rotati ona l  spri ng  constan t  and  damping  coeffi ci en t  a t  j o i n t  

K
H
, C

H
:  H ori zon ta l  spri ng  constan t  and  damping  coeffi ci en t  a t  the  bottom  of foundati on  

K
R
, C

R
:  Rotati ona l  spri ng  constan t  and  d amping  coeffi ci en t  a t  the  bottom  of foundati on  

K
HS

, C
HS

:  H ori zon ta l  spri ng  constan t  and  damping  coeffi ci en t  a t  the  s i de  of foundati on  

m 1  

m 2  

m 3  

m 4  

m 5  m 6  

m 7  

m 8  

m 9  

K1 , C 1  

K2 , C2  

K3 , C3  

KHS , CHS  

KRS , CRS  

KH , CH  KR , CR  
IEC  

Bush i ng  

Sleeve  

Bush i ng  tu rret  

Transformer body  

Foundati on  

Soi l  
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K
RS

, C
RS

:  Rotati onal  spri ng  constan t  and  damping  coeffi ci en t  a t  the  s i de  of foundati on  

Figure  1  – Example  of model  of the  transformer system  

From  the  calcu lation ,  the  stresses  i n  the  cri ti cal  cross-section  of the  bush ing  can  be  found .  

A dynamic analysis  may be  performed  on  a  bush ing  a lone  i f the  fl ange  severi ty i s  a l ready 
known .  

The  general  procedure  i s  to  establ i sh ,  us ing  experimental  data,  a  mathematical  model  as  the  
previous  shown  of the  structu re  i n  order to  assess  i ts  dynamic characteri sti cs  and  then  to  
determine  the  response,  us ing  e i ther of the  methods  described  i n  8 . 2  and  8 . 3 .  Other methods  
may be  used  i f they can  be  j usti fi ed .  

8.2  Modal  analysis  using  the  time-h istory method  

When  the  time-h istory method  i s  used  for seismic analysis,  the  g round  motion  acceleration  
time-h istories  shal l  comply wi th  the  RRS  (see  F igure  2).  Two  types  of superimposi tion  may 
general l y be  appl ied  depend ing  on  the  complexi ty of the  problem:  

– separate  calcu lation  of the  maximum  responses  due  to  each  of the  th ree  d i rections  (x  and  
y  i n  the  horizon tal ,  and  z  i n  the  verti cal  d i rection )  of the  earthquake  motion .  The  effects  of 
each  s ing le  horizon tal  d i rection  and  the  verti cal  d i rection  shal l  be  then  combined  by taking  

the  square  root of the  sum  of the  squares,  i . e .  (xmax
2  +  zmax

2)1 /2  and  (ymax
2  +  zmax

2)1 /2 .  
The  g reater of these  two  values  i s  used  for the  combination  of the  stresses  of the  
bush ing ;  

– s imu l taneous  calcu lation  of the  maximum  responses  assuming  one  of the  seismic 
horizon tal  d i rections  and  the  vertical  d i rection  (x  wi th  z)max  and ,  thereafter,  ca lcu lation  of 
the  other horizon tal  d i rection  and  the  verti cal  d i rection  (y  wi th  z)max.  Th is  means  that,  after 
each  step  of calcu lation ,  a l l  va lues  (force,  stresses)  are  superimposed  a lgebrical l y.  The  
g reater of these  two  values  i s  used  for the  combination  of the  stresses  of the  bush ing .  

8.3  Modal  analysis  using  the  RRS 

When  the  RRS  method  i s  used  for seismic analysis,  the  procedure  of combin ing  the  stresses  
i s  described  for an  orthogonal  system  of co-ord inates  i n  the  main  axes  of the  bush ing  and  
wi th  x  and  y  i n  the  horizon tal  and  z  i n  the  vertical  d i rection .  The  maximum  values  of stresses  
i n  the  bush ing  for each  of the  th ree  d i rections  x,  y  and  z  are  obtained  by superimposing  the  
stresses  calcu lated  for the  various  modal  frequencies  i n  each  of these  d i rections  by taking  
the  square  root of the  sum  of the  squares.  The  maximum  values  i n  the  x  and  z  d i rection  — 

and  i n  the  y  and  z  d i rection  — are  obtained  by taking  the  square  root of the  sum  of the  

squares  (xmax
2  +  zmax

2)1 /2  and  (ymax
2  +  zmax

2)1 /2 .  The  g reater value  of these  two  cases  (x,  z)  
or (y,  z)  i s  used  for the  combination  of the  stresses  of the  bush ing .  

9  Qual i fication  by vibration  test 

9.1  General  

9 . 1 . 1  General  

Three  d i fferen t approaches  can  be  appl ied :  

– test on  the  complete  apparatus  (bush ing  mounted  on  the  real  apparatus);  

– test on  the  bush ing  mounted  on  a  s imu lati ng  support;  

– test on  the  bush ing  a lone.  

The  procedure  for qual i fi cation  by test shal l  be  i n  accordance  wi th  I EC  60068-2-57  and  
I EC  60068-3-3.  The  tests  shal l  be  made  at  the  ambien t a i r temperature  of the  test l ocation  
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and  th is  temperature  shal l  be  recorded  i n  the  test report.  After the  vibration  test,  the  bush ing  
shal l  pass  a  rou tine  test accord ing  to  I EC  601 37.  

9.1 .2  Mounting  

General  mounting  requ i rements  are  g iven  i n  I EC  60068-2-47.  The  specimen  shou ld  be  
mounted  as  i n  service  i nclud ing  dampers  ( i f any).  

NOTE  For more  deta i l ed  gu i dance  i n  the  case  of equ i pmen t  normal l y u sed  wi th  vi brati on  i so l ators ,  see  A. 5  of 
I EC  60068-2-6 : 2007  [2 ] .  

The  orien tation  and  mounting  of the  specimen  during  cond i tion ing  shou ld  be  prescribed  by 
the  re levant standard .  They are  the  on ly cond i tion  for wh ich  the  specimen  i s  considered  as  
complying  wi th  the  requ i rements  of the  standard ,  un less  adequate  j usti fi cation  can  be  g iven  
for extension  to  an  un tested  cond i tion  (for i nstance,  i f i t  i s  proved  that the  effects  of g ravi ty 
do  not i n fl uence  the  behaviour of the  specimen).  

9.1 .3  External  load  

General ly,  e l ectrical  and  envi ronmental  service  l oads  cannot be  s imu lated  du ring  the  seismic 
test.  Th is  appl ies  a l so  to  possib le  i n ternal  pressure  of the  bush ing  due  to  safety requ i rements  
of the  test l aboratory.  

During  vibrational  test,  the  fol lowing  weigh t shal l  be  added  to  the  HV bush ing  terminal :  

•  For Um  g reater than  420  kV:  1 1  kg  

•  For Um  l ess  or equal  to  420  kV:  7  kg  

These  weigh ts  represent the  l ower range  of weigh t associated  wi th  conductor connections  
hardware  and  part of the  weight of conductors  connected  to  the  bush ing .  

Other masses  cou ld  be  agreed  between  parts.  

NOTE  For combinati on  of se i sm ic  and  servi ce  l oads  to  be  taken  i n to  accoun t  d u ri ng  s tati c  or d ynam ic  ana l ys i s ,  
see  C l ause  1 0 .  

9.1 .4  Measurements  

Measurements  shal l  be  performed  i n  accordance  wi th  5 . 2  of I EC  60068-3-3: 1 991 ,  and  shou ld  
i nclude  

– acceleration  at  both  ends  of the  bush ing  and  at the  cen tre  of g ravi ty,  

– d i splacement of the  top  of the  bush ing ,  and  

– stra ins  on  cri ti cal  cross-sections.  

9.1 .5  Standard  frequency range 

The  frequency range  shal l  be  0 , 3  Hz to  33  Hz.  

9.1 .6  Test methods  

9. 1 .6. 1  General  

The  fol l owing  test methods  wi th  thei r waveforms  shal l  be  used  to  comply wi th  RRS:  

– time-h istory;  or 

– s ine-beat;  or 

– other waveforms,  for example  s ine  wave  (requ i ri ng  j usti fication ).  
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9.1 .6.2  Parameters  for time-h istory 

9 . 1 .6.2 . 1  General  

The  tota l  duration  of the  time-h istory shou ld  be  abou t 30  s  of wh ich  the  strong  part not l ess  
than  20  s .  The  test method  shal l  be  i n  accordance  wi th  I EC  60068-2-57.  

9.1 .6.2 .2  Test severi ty 

The  test severi ty shal l  be  chosen  i n  accordance  wi th  6 . 1 .  

The  recommended  response  spectra  are  g iven  i n  F igure  2  for the  d i fferent qual i fi cation  
l evels.  The  cu rves  are  re lated  to  2  %,  3  %,  5  %,  1 0  %  of the  bush ing  damping .  I f damping  i s  
unknown ,  5  %  damping  wi l l  be  appl ied  for transformer bush ings  and  3  %  damping  wi l l  be  
appl ied  for G IS  bush ings,  i n  accordance  wi th  7c)  and  7d ).  

Spectra  for d i fferen t damping  values  may be  obtained  by l i near i n terpolation .  

9.1 .6.2.3  Spectrum  defin i tion  

The  fol l owing  expressions  g ive  the  RRS  spectrum  values:  depend ing  on  the  l evel  (h igh ,  
med ium,  l ow),  the  ri gh t RRS  wi l l  be  g iven  i n  function  of the  frequency.  

 for 0 , 3  ≤ f < 1 , 1  

 for 1 , 1  ≤ f ≤  8 , 0  

 for 8 , 0  < f < 33  

 for f ≥ 33  

 

where  

d   i s  the  percent damping  (2 ,  3 ,  5 ,  1 0 ,  etc.  wi th  d  < 20  %),  

α  =  1  for AG5 level  (5  m/s2 ,  0 , 5g ) ,  α  =  0 , 6  for AG3  level  (3  m/s2 ,  0 , 3g )  α  =  0 , 4  for AG2  level  
(2  m/s2 ,  0 , 2g )  
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Figure  2  – RRS for ground  mounted  equ ipment – ZPA =  0 ,5  g  [1 ]  [2]  

The  other spectra  related  to  med ium  l evel  (ZPA =  0 , 3  g)  and  l ow (ZPA =  0 , 2  g )  l evel  can  be  
easi l y obtained  by the  above  expressions.  

Table  4  – Example  of qual i fication  level :  AG5:  ZPA =  0 ,5  g  

Frequency 

Hz 

Response  acceleration  
m/s2  

Damping  ratio  

2  %  

Damping  ratio  

3  % 

Damping  ratio  

5  % 

Damping  ratio  

1 0  %  and  more  

0, 3  4 , 4  4 , 0  3 , 4  2 , 7  

1 , 1  1 6 , 2  1 4 , 6  1 2 , 5  9 , 7  

8  1 6 , 2  1 4 , 6  1 2 , 5  9 , 7  

33  5 , 0  5 , 0  5 , 0  5 , 0  

 

NOTE  Accord i ng  to  I EC  60068-3-3 ,  the  va l ue  of g  i s  rounded  up  to  the  nearest  un i t,  that  i s  1 0  m /s2 .  

9.1 .6.3  Parameters  for s ine-beat 

Test frequencies  shou ld  cover the  frequency range  stated  i n  9 . 1 . 5  wi th  hal f octave  spacing ,  
and  shou ld  i nclude  the  resonance  frequencies  of the  specimen .  The  test method  shou ld  be  i n  
accordance  wi th  I EC  60068-2-57.  

9.1 .7  Testing  

9. 1 .7. 1  Test axes  

The  test axes  shou ld  be  chosen  accord ing  to  3 . 1 9  of I EC  60068-3-3: 1 991 .  I n  some  cases,  the  
effect of the  verti cal  acceleration  resu l ts  i n  neg l i g ib le  stresses,  and  the  verti cal  exci tation  may 
be  omi tted .  

S ing le  axis  or b iaxia l  exci tation  may be  accepted  i f su i tably j usti fied .  
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3  %  damping  
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RRS wi th  
ZPA=0,5g  
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9.1 .7.2  Test sequence 

The  test sequence  shou ld  be  as  fol l ows.  

a)  Vibration  response  i nvestigation  

The  vibration  response  i nvestigation  shou ld  be  carried  ou t accord ing  to  1 0 . 1  and  1 4 . 2  of 
I EC  60068-3-3: 1 991  over the  frequency range  stated  i n  9 . 1 . 5.  

b)  Seismic qual i fi cation  test 

The  test shou ld  be  performed  by applying  one  of the  procedures  stated  i n  fl ow chart A. 3  
(except test Fc)  or fl ow chart A. 4  of I EC  60068-3-3: 1 991  depend ing  on  the  test faci l i ti es.   

The  test shou ld  be  performed  once  at the  l evel  chosen  i n  Clause  6 .  

During  the  seismic test,  the  measurements  as  stated  i n  9 . 1 . 4  shou ld  be  recorded .  

9.2  Test on  complete  apparatus  

When  the  s ize  and /or complexi ty of the  apparatus  a l low assembly on  the  shaker table,  a  test 
on  the  complete  apparatus  i s  recommended .  

The  test severi ty shou ld  be  chosen  i n  accordance  wi th  6 . 1 .  The  time-h istory method  i s  
recommended  s ince  i t  more  closely s imu lates  the  actual  cond i tions,  parti cu larl y i f the  
behaviour of the  specimen  under test i s  not l i near.  

9.3  Test on  the  bush ing  mounted  on  a  s imu lating  support 

The  bush ing  i s  mounted  on  a  s imu lating  support wh ich  i s  fastened  to  a  shaker table   
(see  F igure  4).  The  s imu lati ng  support has  to  dynamical l y reproduce  (sti ffness  and  damping)  
the  actual  apparatus.  

The  severi ty and  test method  shou ld  be  as  described  i n  9 . 2 .  

9.4 Test on  the  bush ing  alone  

I f the  s ize  and /or complexi ty of the  apparatus  ( transformer,  G IS  apparatus,  bu i l d ing )  does  not 
a l l ow the  test to  be  performed  as  described  i n  9 . 2  or 9 . 3,  the  test shou ld  be  performed  on  the  
bush ing  a lone,  ri g i d ly connected  to  the  shaker table.  I n  th is  case,  the  severi ty shou ld  be  the  
RRS  or the  peak acceleration  value  at  the  fl ange  of the  bush ing  (see  6 . 2  and  F igure  5).  

The  s ine-beat test method  i s  recommended .  I n  case  the  RRS  at the  flange  i s  not avai lable,  
coefficien ts  K and  R  shou ld  be  e i ther obtained  by calcu lation  or taken  from  the  values  g iven  
i n  Clauses  6  and  7 .  

1 0  Evaluation  of the  seismic qual i fication  

1 0. 1  Combination  of stresses  

The  seismic stresses  determined  as  described  i n  Clauses  7,  8  or 9  shou ld  be  combined  wi th  
other service  stresses  to  evaluate  the  tota l  stress  i nduced  by a l l  the  combined  l oads  on  the  
bush ing .  

The  probabi l i ty of an  earthquake  of the  recommended  seismic qual i fi cation  l evel  occurring  
during  the  l i fetime  of the  bush ing  i s  l ow,  as  the  maximum  seismic l oad  i n  a  natural  
earthquake  wou ld  on ly occur i f the  bush ing  were  exci ted  at  i ts  cri ti cal  frequencies  wi th  
maximum  acceleration .  As  th i s  wou ld  l ast on ly a  few seconds,  a  combination  of extreme  
e lectrical  and  envi ronmental  service  l oads  wou ld  l ead  to  unreal i stic  conservati sm.  

Copyright International  Electrotechnical  Commission  



I EC  TS  61 463:201 6  © I EC  201 6  – 1 9  – 

Consequently,  the  fol l owing  stresses  are  considered  to  occur s imu l taneously,  i f not otherwise  
speci fied  (see  I EC  621 55):  

– the  stress  of an  operating  l oad  equal  to  70  %  of the  can ti l ever operating  l oad  speci fied  for 
the  bush ing  (canti l ever i s  a  force  appl ied  perpend icu larly to  the  bush ing  axis  i n  the  m idd le  
part of the  bush ing  HV terminal ;  make  reference  to  the  can ti l ever table  of I EC  601 37,  
operating  l oads);  

– the  stress  of wind  pressure  of 70  Pa;  

– the  stress  determined  by the  components  of the  mass  of the  bush ing  wh ich  acts  
perpend icu lar to  the  bush ing  axis;  

– the  stress  of the  average  i n ternal  pressure  at  normal  service  cond i tions;  

– the  stress  i nduced  by the  seismic even t (Clauses  7 ,  8  or 9) .  

These  stresses  can  e i ther be  i ncluded  i n  the  test or analysis  model ,  or separately added .  

NOTE  1  Th i s  combinati on  of s tresses  assumes  that  connecti on  l i nes  do  not  l im i t  the  moti on  of the  term ina l  of the  
bush i ng  du ri ng  the  se i sm ic  even t.  

NOTE  2  As  th i s  l oad  combinati on  i s  based  on  a  reasonab l e  conservati sm ,  i t  i s  poss i b l e  that  i t  d oes  not  app ly to  
each  i nsta l l ati on .  

NOTE  2  Th i s  combinati on  of s tresses  wi l l  n ot  be  u sed  d u ri ng  the  vi brati onal  tests ,  wh i ch  are  referred  to  i n  9 . 1 . 2  
(external  l oad ) ,  bu t  on l y for stati c  and  dynam ic  ana l ys i s .  

1 0.2  Canti lever test  

A can ti l ever test can  be  used  to  fi nd  the  h ighest permissib le  stress  of the  bush ing  to  be  
determined .  

A can ti l ever test can  be  performed  on  a  complete  bush ing  or on  parts  of i t.  When  testing  a  
separate  i nsu lator,  the  clamping  arrangement shal l  be  equal  to  that of the  complete  bush ing .  
The  test procedure  shal l  be  i n  agreement wi th  I EC  601 37.  

1 0.3  Acceptance  cri teria  

The  bush ing  shal l  i nsu late  and  carry cu rren t du ring  and  after the  earthquake.  No  crack,  
l eakage,  permanent deflection  or re lative  movement of parts  i s  permi tted .  

The  bush ing  i s  considered  to  be  qual i fi ed  for the  seismic requ i rement i f 

a)  – i ts  components  made  by cast epoxy resins,  ceramic materia l s  or g lasses  are  not 
s tressed  over the  1 00  %  of thei r type  test wi thstand  bend ing  moment,  i n  accordance  wi th  
I EC  6221 7  and  I EC  621 55,  

b)  – i ts  components  made  by composi te  materia l  are  not stressed  over 1 , 5  times  thei r 
maximum  mechan ical  l oad  (MML),  wh ich  corresponds  normal l y to  the  e lastici ty l im i t  of the  
materia l ,  i n  accordance  wi th  I EC  61 462,  and  

NOTE  D i fferen t  acceptance  cri teri a  can  be  ag reed  between  pu rchaser and  manu factu rer,  i n  accordance  to  
other S tandards  or Speci fi cati ons.  

c)  – metal l i c  parts  are  not stressed  above  the  yie ld ing  poin t by the  combined  stresses.  
Assembly fi tti ngs,  specia l l y designed  for seismic pu rpose  (e. g .  to  reduce  the  natural  
frequency or i ncrease  the  damping)  may however use  fri ction  and  ducti l i ty i n  a  con trol led  
way.   

By considering  the  actual  stress-strain  re lationsh ip  and  stress  red istribu tion ,  the  stress  l im i t  
i n  metal l i c  parts  need  not be  sati sfied  at  a  speci fic l ocation  i f the  stress  i s  a  sel f- l im i ti ng  
secondary stress  or i f i t  i s  caused  by a  l ocal  structu ral  d i scon tinu i ty wh ich  affects  a  re latively 
smal l  volume  of materia l  and  does  not have  a  s ign i fican t effect on  the  overal l  stress  or stra in  
pattern .  
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1 1  Necessary exchange of information  

1 1 . 1  In formation  suppl ied  by the  apparatus  manufacturer 

When  speci fying ,  the  purchaser shou ld  provide  as  much  of the  fol l owing  i n formation  as  
necessary,  as  wel l  as  any add i tional  i n formation  needed  to  determine  clearly the  requ i red  
characteri sti cs.  

a)  Severi ty 

I t  shou ld  be  clearly stated  i f the  severi ty i s  to  be  appl ied  to  the  bush ing  fl ange  or to  the  
apparatus  base.  Severi ty at  the  bush ing  flange  i s  recommended .  

b)  Detai l s  of mounting  

Posi tion  and  ang le  of mounting .  

c)  Apparatus  sti ffness  

For qual i fi cation  by calcu lation ,  the  sti ffness  of the  bush ing  support (e . g .  ang le  of 
deflection  vs  bend ing  moment)  and  the  damping  of the  structu re  shal l  be  stated .  I f the  
sti ffness  of the  support i s  so  h igh  and  the  natu ral  frequency of the  bush ing  can  be  
expected  to  be  above  8  Hz,  i t  shou ld  a l so  be  stated  that the  rest of the  structu re  down  to  
the  base  i s  equal ly sti ff,  otherwise  the  l ower accelerations  at h i gh  frequencies  may not be  
u ti l i zed .  

d )  Dynamic analysis  

Qual i fi cation  by dynamic analysis  i s  to  be  made  by the  manufacturer of the  apparatus  
(e. g .  a  transformer)  because  of the  g reat amount of structu ral  data  requ i red .  The  
apparatus  manufacturer requests  the  necessary data  from  the  bush ing  manufacturer.  

1 1 .2  In formation  suppl ied  by the  bush ing  manufacturer 

a)  Design  data  

I n  case  of dynamic analysis  of the  complete  apparatus,  the  bush ing  manufacturer shou ld  
provide  

– the  geometrical  parameters  ( i . e .  d imensions,  cen tre  of g ravi ty,  moment of i nertia)  and  
masses  of the  complete  bush ing ,  and  

– the  mechan ical  properties  ( i . e .  Young  and  Poissons  ratio  or shear modu lus,  
fl exural /compressive/tensi l e  strength)  of the  porcela in  and  the  damping  ratio  of the  
bush ing ,  un less  standard  values  can  be  used .  

The  apparatus  manufacturer wi l l  perform  the  dynamic analysis  and  i n form  the  bush ing  
manufacturer of the  resu l ts  to  be  used  i n  the  evaluation  accord ing  to  Clause  1 0 .  

b)  Seismic qual i fi cation  report 

A report showing  the  resu l t  of the  evaluation  performed  accord ing  to  clause  1 0 .  The  report 
shou ld  con tain  a  description  of the  bush ing ,  the  assumptions  adopted  and  the  resu l ts  
obtained .  I n  the  report the  maximum  d isplacement of the  bush ing  terminal  du ring  the  
earthquake  shou ld  be  provided .  

NOTE  A speci fi cati on  may l im i t  the  maximum  perm issi b l e  d efl ecti on  of the  bush i ng  head  under the  speci fi ed  
earthquake  cond i ti ons .  However,  a  l im i tati on  of the  d efl ecti on  l eads  to  a  constructi on  wi th  h i gher s ti ffness  and  
possi b l y l ower d amping .  That  can  cause  h i gher s tresses  and ,  consequen tl y,  l ower res i stance  agai nst  se i sm ic  
l oads.  Th i s  i s  especia l l y importan t  for bush i ngs  wi th  composi te  i n su l ators .  

c)  Test record  

I f tests  are  performed ,  the  report shou ld  contain  i den ti fi cation  of test object,  test l ocation ,  
test equ ipment,  description  of the  test,  resu l ts  (resonance  frequencies  and  damping)  and  
s ign i fican t conclusions.  

When  qual i fi cation  i s  performed  accord ing  to  9 . 4 ,  i n formation  shou ld  be  g iven  i n  order to  
j usti fy that the  adequacy of the  bush ing  for a  certa in  g round  acceleration  l evel  i s  re lated  to  
parti cu lar apparatus  dynamic parameter.  

Copyright International  Electrotechnical  Commission  



I EC  TS  61 463:201 6  © I EC  201 6  – 21  – 

When  reference  i s  made  to  tests  on  apparatus  s im i lar to  the  actual ,  the  fol l owing  i n formation  
shou ld  be  g iven :  description  of both  wi th  detai l s  of thei r d i fferences,  test resu l ts  and  thei r 
extrapolation  to  the  actual  apparatus.  

 

Figure  3  – Response  factor R  

R  i s  the  ratio  of RRS  and  ZPA.  

Table  5  – Response  factor R  

Frequency 

Hz 

Response  factor R  

Damping  ratio  

2  %  

Damping  ratio  

3  %  

Damping  ratio  

5  % 

Damping  ratio  

1 0  %  and  more  

0, 3  0 , 9  0 , 8  0 , 7  0 , 5  

1 , 1  3 , 2  2 , 9  2 , 5  1 , 9  

8  3 , 2  2 , 9  2 , 5  1 , 9  

33  1 , 0  1 , 0  1 , 0  1 , 0  
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Figure  4  – Test wi th  s imulating  support according  to  9.3  

 

NOTE  Time  h i s tori es  and  re l evan t  response  spectra  are  g i ven  as  examples  on l y.  

Figure  5  – Determination  of the  severi ty 
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Annex A 
( informative)  

 
F low chart for seismic qual i fication  

Figure  A. 1  shows  a  fl ow chart for seismic qual i fi cation .  

 

NOTE  Numbers  at  the  b l ocks  refer to  cl auses  and  subcl auses  of th i s  techn i ca l  speci fi cati on  

Figure  A.1  – Flow chart for seismic qual i fication  

IEC  
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Annex B  
( informative)  

 
Natural  frequency and  damping  determination:  

Free osci l lation  test 

B.1  Free  osci l lation  test 

The  natu ral  frequency and  damping  can  be  obtained  by a  free  osci l l ation  test.  Great care  
shou ld  be  taken  to  d i sti ngu ish  between  the  data  of the  bush ing  and  the  data  of the  test frame.  
The  test can  be  performed  on  the  bush ing  when  i t  i s  mounted  upon  the  apparatus  to  obtain  
data  for the  actual  appl i cation .  Due  to  non-l i near dynamic behaviour of the  bush ing ,  i n  order 
to  obtain  correct values  on  both  frequency and  damping ,  the  test shou ld  preferably be  
performed  wi th  ampl i tude  l evels  s im i lar to  those  expected  du ring  an  earthquake,  bu t l ow 
enough  to  avoid  damag ing  the  apparatus  under test.  

The  bush ing  shou ld  be  mounted  as  i n  service  cond i tion  to  the  test frame  or apparatus.  A 
string  shou ld  be  connected  to  the  terminal ,  pu l l ed  wi th  a  force  correspond ing  to  the  expected  
earthquake  stresses  and  then  sudden ly re leased .  

Measurement transducers  attached  to  the  i nsu lator and  the  bush ing  flange  record  the  free  
osci l l ation  of the  bush ing .  I f the  fl ange  a l so  osci l l ates,  th is  movement i s  subtracted  i f 
frequency and  damping  of the  bush ing  i tsel f are  the  sought values.  

 

NOTE  n  represen ts  the  number of cycl es .  

Figure  B. 1  – Typical  case  of free  osci l lations  
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NOTE  n  represen ts  the  number of cycl es.  

Figure  B.2  – Case  of free  osci l lations  wi th  beats  

The  exponentia l  cu rve  i n  F igure  B. 1  i s  the  envelope  of the  peak values.  The  exponentia l  
cu rve  i n  F igure  B . 2  i s  obtained  by using  the  l east square  roots  of the  peak values.  

The  damping  ratio  can  be  calcu lated  by means  of the  fol lowing  approximated  formu la:  

1 00ln
2

1
(%)

1

1 ×







×=

+nY

Y

n
d

π
 

The  natu ral  frequency and  damping  shou ld  be  measured  after a  few periods,  and  before  the  
ampl i tude  has  been  s ign i fican tl y attenuated  as  shown  i n  F igures  B . 1  and  B . 2 .  

The  method  described  i s  common ly used  to  measure  natu ral  frequency and  damping .  Other 
methods  can  a lso  be  used .  

B.2  Sine  sweep frequency search  

Sine  sweep  test i s  an  equ ivalen t method  to  determine  the  natu ral  frequencies  and  dampings  
of an  equ ipment.  

The  s ine  sweep  shal l  be  conducted  at a  rate  not g reater than  one  octave  per m inu te  i n  the  
range  for wh ich  the  equ ipment has  resonant frequencies,  bu t at l east from  1  Hz,  i n  the  two  
horizon tal  axes  and  i n  the  vertical  one  to  determine  the  resonant frequencies  and  dampings.  

The  ampl i tude  shal l  not be  l ess  than  0 , 05  g  (an  ampl i tude  of 0 , 1  g  i s  suggested).   

A frequency above  33  Hz i s  not requ i red .   

No  resonant frequency search  i n  the  vertical  axis  i s  requ i red  i f i t  can  be  shown  that no  
resonant frequencies  exist  below 33  Hz i n  the  verti cal  d i rection .  
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Annex C  
( informative)  

 
Static calcu lation  method  – 
Addi tional  considerations  

C.1  General  

The  vibration  at the  cen tre  of g ravi ty of the  bush ing  i s  of importance  for the  qual i fi cation  by 
stati c calcu lation  (see  Clause  7) .  

As  expla ined  below,  there  i s  no  s imple  re lationsh ip  between  the  vibration  occurring  at  the  
centre  of g ravi ty of the  bush ing  during  an  earthquake  and  the  equ ivalen t acceleration  abg  

u sed  i n  C lause  7 .  The  value  of abg  i s  taken  i n  order to  obtain  Ms  =  abg  ×  dp  ×   mp  that g i ves  a  
bend ing  moment at  the  cri ti cal  cross-section  equ ivalent to  that occurring  du ring  an  

earthquake.  The  explanation  of the  re lation  abg  =  a f  ×  Sc  ×  R  i s  g i ven  i n  C. 2  to  C. 6.  

C.2  Effect of the  fi rst bending  mode  

l t  i s  assumed  that the  bush ing  i s  equ ivalent to  a  clamped  free  beam  and  that the  seismic 
wave  exci tes  on ly the  fi rst bend ing  mode.  By computation  of th is  model  for the  fi rst bend ing  
mode,  and  for a  seismic exci tation ,  the  fol l owing  can  be  determined :  

– the  bend ing  moment at the  base;  

– the  acceleration  of the  cen tre  of g ravi ty of the  bush ing  (abg ) .  

C.3  Determination  of Sc  

The  coefficien t Sc  aims  to  take  i n to  account the  effects  of both  mu l ti frequency exci tation  and  
mu l timode  response  (see  defin i ti on  of Sc  i n  Clause  4).  

I n  the  case  of a  bush ing ,  the  fi rst  bend ing  mode,  and  possib ly the  second  bend ing  mode,  
i s  exci ted .  An  i ncrease  i n  stress  of 45  %  maximum  over that of the  fi rst  bend ing  mode  i s  
obtained  by the  effect of the  second  bend ing  mode  (refer to  Table  C. 1 ) .  As  a  consequence,  a  
va lue  of Sc  between  1 , 0  and  1 , 5  wi thout any add i tional  safety marg in  i s  recommended .  

C.4 Value  of abg  

From  the  above  (wi th  Sc  =  1 , 5) ,  

abg  =  a f  ×  Sc  ×  R  =  a f  ×  1 , 5  ×  R  

As  expla ined  below,  abg  i s  d i fferen t from  the  actual  acceleration  at the  cen tre  of g ravi ty due  
to  the  seismic exci tation .  

abg  d i ffers  from  the  value  measured  at the  centre  of g ravi ty of the  bush ing  exci ted  on  the   
shaker table  wi th  the  RRS  at the  flange  l evel :  on  the  shaker table  the  absolu te  acceleration  
resu l ti ng  from  the  dynamic behaviour of a  continuous  beam  (a l l  modes  are  i nvolved)  i s  
measured ,  sometimes  wi th  the  effect of coupl i ng  axes.  

Consider a  s i ng le  degree  of freedom  system,  as  per F igure  C. 1 :  
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Figure  C.1  – Sing le  degree  of freedom  system  

The  equation  of motion  i s  

m(Xm’ ’+Xs’ ’ )  + CXm’  + KXm =  0     or   mXm’ ’  =  -mXs’ ’  – CXm’  – KXm  

where  

Xm  i s  the  relati ve  d isplacement of the  mass;  

Xm’  i s  the  re lati ve  veloci ty of the  mass;  

Xm’ ’  i s  the  re lative  acceleration  of the  mass;  

Xs’ ’  i s  the  i npu t acceleration  of the  base.  

The  bend ing  moment (and  stress  at the  cri ti cal  cross-section )  i s  proportional  to  the  absolu te  
acceleration  and  to  the  re lative  d i splacement of the  mass.  

The  flexib i l i ty of the  system  “tu rret p l us  base  fl ange”  and  of the  dampers  ( i f any)  wi l l  i nduce  a  
rotation  of the  bush ing  around  the  base  wh ich  wi l l  sum  up  to  the  bend ing  deformations;  the  
effects  are  analysed  i n  Table  C. 1 .  

C.5 Typical  seismic response of canti lever type  structures  

Many types  of e lectrical  apparatus  may be  considered  as  a  canti l ever type  of structu re  on ly 
connected  to  the  foundation  at the  base.  Examples  of such  apparatus  are  bush ings,  
measurement transformers  and  su rge  arresters.  The  seismic response  of th i s  type  of 
structu re  can  be  pred icted  using  wel l -known  formu lae  for the  dynamic behaviour of 
structures.  

The  e lastic characteri sti cs  of apparatus  wi I l  be  i ns ide  a  range  g iven  by the  behaviour of an  
e lastic beam  deformed  by bend ing  and  that of a  h inged  e lastic rod  wi th  angu lar fl exib i l i ty at  
the  base.  

The  seismic response  i s  usual l y dominated  by the  l owest mode  of the  structure  (exceptions  
may be  very flexible  structu res  wi th  l owest natu ral  frequency below 1  Hz).  SRSS  procedure  
(square  root of the  sum  of squares)  may be  used  for combin ing  modal  response  to  resu l tan t 
design  value.  

To  assess  the  bend ing  moment (Ms)  at  the  cri ti cal  cross-section ,  the  common ly used  
s impl i fied  procedure  of applying  a  seismic acceleration  (g iven  by estimated  natu ral  frequency 
and  damping  of l owest mode)  at the  cen tre  of g ravi ty yie lds  a  good  approximation .  See  the  
examples  g iven  i n  Table  C. 1 .  
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The  actual  se ismic acceleration  at the  m idd le  of the  structu re  i s ,  however,  for cases  of 
d i stribu ted  mass,  clamped  and  e lastic base,  not equal  to  the  acceleration  of the  response  
spectrum  bu t l ower,  typical l y i n  the  range  0, 5  to  0 , 8  of that acceleration  l evel ,  depend ing  on  
the  shape  of the  l owest e igenmode.  For the  acceleration  at the  ti p  of the  structu re,  a  va lue  of 
about 1 , 6  times  the  response  acceleration  i s  appropriate  (see  the  examples  g iven  i n  Table  
C1 ) .  

The  model  of concentrated  mass  and  e lastic base  needs  a  defin i ti on  of the  spring  sti ffness  
(rotational  spring  constan t)  (Table  C. 1 ) .  Th is  value  however general ly can  not be  easi l y 
estimated  from  the  d imensions  and  weigh t of the  bush ing .  An  experimental  formu la  i s  
reported  below.  

The  l ower portion  of a  bush ing  wi th  cemented  fl ange  i s  composed  by the  porcela in ,  by the  
cement and  by the  metal  fl ange  (Figure  C. 2).  

 

Figure  C.2  – Structure  at  the  flange  of a  bush ing  wi th  cemented  porcelain  [5]  [7]  

Th is  system  i s  not ri g i d  at  i t  cou ld  appear,  bu t the  cement a l lows  a  certa in  e lastici ty i f the  
bush ing  i s  subjected  to  a  moment M .  

As  a  consequence  i t  i s  possib le  to  define  a  spring  sti ffness  C  d ue  to  cementation  (see  for 
reference  F igure  C. 2) ,  by means  of the  fol l owing  experimental  formu la:  

t

hd
C

2

7,66
×

×=  

where  

C   i s  the  spring  sti ffness,  i n  MNm/rad ;  

d   i s  the  external  d iameter of the  porcelain ,  i n  m ;  

h   i s  the  heigh t of the  metal l i c  fl ange,  i n  m ;  

t   i s  the  th ickness  of the  cement,  i n  m .  

For a  vi sual  check,  a  d iagram  can  be  bu i l t  wi th  C  as  ord inate  and  the  ratio  dh2 /t  as  abscissa  
(F igure  C.3) .  

When  th i s  e lastic phenomenon  i s  not considered ,  general l y the  calcu lated  natural  frequency 
of the  bush ing  shows  a  value  s l i gh tl y h igher than  real  frequency.  Val i d i ty of th i s  equation  has  
been  confi rmed  by a  campaign  of measurements  carried  ou t i n  J apan  [5]  [7 ] .  
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NOTE  The  ci rcl es  are  rea l  cases.  

Figure  C.3  – Spring  sti ffness  C i n  function  of cemented  part geometry [5]  [7]  
 

C.6  Superelevation  factor K 

The  ampl i fi cation  factor at the  top  of the  transformer body,  were  the  bush ing  i s  fi xed ,  
depends  on  the  existence  of the  transformer body i tsel f and  of i ts  foundation  (ref.  to  6 . 2  and  
F igure  4) .  

When  f1  i s  the  natu ral  frequency of bush ing-bush ing  tu rret system,  f0  i s  the  natu ral  frequency 
of soi l -foundation -transformer body system,  the  re lation  between  the  ratio  f1 /f0  and  the  
ampl i fi cation  or superelevation  factor i s  presented  as  shown  i n  F igure  C. 4 .  

These  data  come  from  Japanese  measurements  carried  ou t on  d i fferen t transformers  [5]  [7 ] .  

Accord ing  to  these  resu l ts,  the  superelevation  factor g i ven  by the  system  transformer body 
and  foundation  i s  of the  order of 1 , 5  to  2 ,  as  stated  i n  6 . 2 .  
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Figure  C.4  – Superelevation  factor due  to  the  existence  
of transformer body and  foundation  [5]  
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Table  C.1  – Examples  of typical  seismic responses  

Characteristic   Type  of structure  

Generic  Example  Concentrated  mass,  

e l astic  base  

Di stributed  mass,  

cl amped  base  

D istribu ted  mass,  e lastic  base  

[E I  /  (CH )  =  1 , 53]  

  

 
  

Tota l  he i gh t  H 5  m  

Cen tre  of g ravi ty he i gh t  d
p
  2 , 5  m  

Tota l  mass  m
p
  1  250  kg  

Bend i ng  s ti ffness  EI 32 , 8  MNmm 2  

Damping  rati o  x  % 2  %  

Spri ng  s ti ffness  C  4 , 3  MNm/rad  

  

  Mode  1  Example  Mode  1  Example  Mode  2  Example  Mode  1  Example  Mode  2  Example  

Natu ra l  frequency (fi )    [H z]  

( )2pp   2

1

dxm

C

π
 3 , 7  

p  

56,0

mH

EI

H
 

8 , 1  

  p
 

51,3

mH

EI

H

 

50 , 8  

pmH

EI

H   

208.0

 

3 . 0  

pmH

EI

H   

544,2  
36 , 9  

Ground  response  spectrum  (spectra l  response  
accel erati on ,  see  F i gu re  2 ,  wi th  f

i
 and  x  % )  

( )11A , fS ξ  1 6 , 2  ( )11A , fS ξ  1 6 , 2  ( )22A , fS ξ  5  ( )11A , fS ξ  1 6 , 2  ( )22 , fSA ξ  5  

F l ange  response  spectrum  =  g round  response  

spectrum  ×  K (where  K =  1 , 5)  [m /s
2
]  

K ×  S
A  24, 3  K ×  S

A1  24, 3  K ×  S
A2  7, 5  K ×  S

A1  24 , 3  K ×  S
A2  7, 5  

Cen tre  of g ravi ty accel erati on  (d
p  
=  H/2 ) ,  a

bg
 

[m /s2 ]  

K ×  S
A  24, 3  0 , 53  K ×  S

A1  1 2 , 9  0 , 62  K ×  S
A2  4, 65  0 , 73  K ×  S

A1  1 7 , 7  0 , 46  K ×  S
A2  3, 45  

IEC  
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C  
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EI  d
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Characteristic   Type  of structure  

Generic  Example  Concentrated  mass,  

e l astic  base  

Di stributed  mass,  

cl amped  base  

D istribu ted  mass,  e lastic  base  

[E I  /  (CH )  =  1 , 53]  

Top  of the  beam  acce l erati on  [m/s2 ]  _ _ 1 , 6  K ×  S
A1  38, 9  0 , 87  K ×  S

A2  6, 53  1 , 51  K ×  S
A1  36, 7  0 , 76  K ×  S

A2  5, 7  

Bend i ng  moment a t  the  base  (cri ti ca l  cross-
secti on ),  M

s
 [Nm ]  

0 , 5  K  S
A
 m

p
 H 75  938  0 , 45  K S

A1
 m

p
 

H 

68  344  0 , 04  K S
A2

 m
p
 

H 

1  875  0 , 5  K S
A1

 m
p
 

H 

75  938  0 , 005  K S
A2

 m
p
 

H 

234  

NOTE  1  Formu lae  obta i ned  by ri gorous  mathemati ca l  ana l ys i s .  

NOTE  2  K =  Superel evati on  factor.  

NOTE  3  f
1
 and  f

2
 for the  e l asti c  beam  wi th  e l asti c  base  are,  genera l l y speaki ng ,  l ower than  the  correspond i ng  natu ra l  frequencies  of the  e l asti c  beam  wi th  cl amped  base:  the  

h i gher the  rati o  E I /(CH )  i s ,  the  l ower are  the  two  frequencies  f
1
 and  f

2
 (h i gh -base  fl exib i l i ty means  l ow va l ues  of C) .  The  l owest  va l ue  of f

1
,  correspond i ng  to  C  =  0 ,  i s  zero:  the  

beam  i s  ri g i d l y rotati ng  abou t  i ts  base;  the  l owest  va l ue  of f
2
 i s  obta i ned  by substi tu ti ng  2 , 55  wi th  2 , 45  (abou t  70  %  of the  cl amped  base  natu ra l  frequency).  

NOTE  4  S
A
 =  Spectra l  accel erati on  [m/s2 ]  

NOTE  5  E i gen  va l ue  equati on  of the  model  wi th  d i stri bu ted  mass  and  e l asti c  base  i s  the  fo l l owing :  

( )
1 cos cosh

sin cosh sinh cos

EI H H

CH H H H H H

λ λ

λ λ λ λ λ

+
=

−
 

Wi th  

2
4 A

EI

ω ρ
λ =      

:

:

mass density

A cross area

ρ
 

When  as  so l u ti ons  of th i s  equati on  i t  i s  pu t  NHλ  wi th  N =  1 ,  2 ,  3…  natu ra l  frequencies  are  expressed  as  fo l l ows.  

( )21 1

2
N N

P

EI
f H

H Hm
λ

π
=  

Fol l owing  the  example  i n  th i s  tab l e ,  i t  i s  obta i ned  EI/CH =  1 , 53 ,  that  g i ves  λ
1
H =  1 , 1 42 ,  λ

2
H =  3 , 998,  λ

3
H =  7 , 1 1 3 ,  and  consequen tl y 

1
0.208

p

EI
f

H Hm
=



  
2

2, 544

p

EI
f

H Hm
=



,  

etc.  
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Annex D  
( informative)  

 
Qual i fication  by static calcu lation  – 

Example on  transformer bushing  

D.1  Seismic ground  motion  

I n  a l l  ca lcu lations  of earthquakes  affecting  bush ings,  the  verti cal  acceleration  shal l  be  appl ied  
downwards  i n  the  d i rection  of the  acceleration  due  to  g ravi ty.  Th is  g i ves  the  g reatest l oad  on  
the  bush ing :  

– horizon tal  g round  acceleration ,  agh ,  (ZPA):  5  m/s2  

–  verti cal  g round  acceleration ,  agv:  2 , 5  m/s2  

D.2  Cri tical  part of the  bushing  

When  a  can ti l ever test i s  performed  or du ring  an  earthquake,  the  most cri ti cal  part of the  
bush ing  i s  at the  i nsu lator base.  The  two  major cri ti cal  factors  are  the  ri sk of o i l  l eakage  (see  
F igure  D . 1 )  and  the  bend ing  stress  at the  i nsu lator base.  For th i s  reason ,  the  bend ing  
moments  are  calcu lated  at  the  i nsu lator base.  

 

Figure  D.1  – Cri tical  part  of the  bushing  

D.3  Static  calcu lation  

D.3. 1  General  

The  transformer tank i s  very heavy compared  to  the  bush ings,  bu t fi n i te  e lement (FEM)  
analysis  shows  that the  transformer tank cannot be  considered  as  ri g i d .  The  g round  
acceleration  i s  ampl i fi ed  th rough  the  transformer tank to  the  transformer tank cover wi th  an  
ampl i fication  factor K.  Wi thout background  i n formation ,  the  ampl i fi cation  factor K i s  assumed  
to  be  1 , 5  (see  6 . 2).  I f the  bush ing  i s  mounted  on  a  tu rret,  th is  can  be  considered  rig id .  
Therefore,  the  transformer tank cover and  the  tu rret are  subjected  to  the  same  acceleration :  

– horizon tal  acceleration  at the  transformer tank 

cover/tu rret (K ×  agh  =  K ×  ZPA):  7 , 5  m/s2  

–  verti cal  acceleration  at the  transformer tank 

cover/tu rret (K ×  agv) :  3 , 75  m/s2  

The  acceleration  of the  transformer tank cover wi l l  be  ampl i fied  to  the  bush ing  wi th  the  
response  factor R .  The  response  factor depends  on  the  natu ral  frequency and  the  damping  of 
the  bush ing  mounted  on  the  transformer tank cover.  The  value  of the  response  factor R  i s  
taken  from  F igure  3 .  
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I f the  response  factor R  cannot be  estimated ,  the  conservative  value  of the  response  factor at 
a  certa in  value  of damping  i s  used .  For a  bush ing  mounted  on  a  transformer tank cover,  a  
damping  ratio  of 5  %  can  be  assumed :  

– natural  frequency for bush ing  mounted  on  the  transformer tank cover (Hz):  unknown  

– damping  ratio  for bush ing  mounted  on  the  transformer tank cover:  5  %  

– response  factor R ,  taken  from  F igure  3  (conservative  value):  2 , 5  

The  response  i s  then  mu l tip l i ed  by a  coefficien t,  Sc,  wh ich  takes  i n to  account both  
mu l ti frequency exci tation  and  mu l timode  response.  The  conservative  value  of the  coefficien t 
i s  1 , 5.  

The  acceleration  of the  transformer tank cover,  the  response  factor of the  bush ing  mounted  
on  the  transformer tank cover,  the  static coefficien t and  the  a i r s ide  mass,  mp,  of the  bush ing  
g ive  ri se  to  a  force  that affects  the  bush ing  at  the  a i r s i de  cen tre  of g ravi ty (see  D.3. 1 ) .  I f the  
bush ing  i s  mounted  at  ang les  to  the  verti cal  p lane,  both  the  verti cal  and  the  horizontal  parts  
of the  earthquake  wi l l  affect the  bush ing .  

D.3.2  Seismic load  

 

Figure  D.2  – Forces  affecting  the  bush ing  

I n  these  seismic calcu lations,  the  verti cal  acceleration  i s  appl ied  downwards,  i n  the  same  
d i rection  as  the  acceleration  due  to  g ravi ty.  Th is  produces  the  g reatest l oad  on  the  bush ing .  

The  a i r s ide  mass  of the  bush ing ,  mp ,  i s  the  mass  of a l l  the  parts  of the  bush ing  above  the  
bush ing  fl ange.  
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dp  i s  the  d i stance  from  the  cri ti cal  part  of the  bush ing  fl ange  to  the  a i r s i de  cen tre  of g ravi ty 
(see  F igure  D . 2) :  

– a i r s i de  mass,  mp :    63  kg  

– dp :   590  mm  

– mounting  ang le  to  the  vertical  p lane,  α :   20°  

– horizon tal  force,  Fh ,  (mp  ×  K ×  agh  ×  R  ×  Sc) :  1 772  N  

– verti cal  force,  Fv,  (mp  ×  K ×  agv  ×  R  ×  Sc  +  mp  ×  g) :  1 51 6  N  

– compressive  force,  Fa ,  (–Fh  ×  sin α  +  Fv  ×  cos  α) :  81 9  N  

– bend ing  force,  Fb ,  (Fh  ×  cos  α  +  Fv  ×  sin  α) :  21 84  N  

– bend ing  moment due  to  the  seismic even t 

and  g ravi ty,  Mbs ,  (Fb  ×  dp) :  1 , 29  kNm  

D.3.3  Wind  load  

Wind  l oads  are  considered  as  static l oads.  As  a  combination  of the  extreme  values  of a l l  
e lectrical  and  envi ronmental  service  l oads  wou ld  l ead  to  unreal i sti c  conservati sm,  a  wind  
pressure  of 70  Pa  acting  at the  same  time  as  an  earthquake  shou ld  be  assumed .  

The  resu l ti ng  wind  force  (Fw)  affects  the  bush ing  i n  i ts  a i r s i de  cen tre  of g ravi ty (see  F igure  
D . 3):  

 

Figure  D.3  – Porcelain  d iameters  

– wind  pressure,  p :   70  Pa  

– ou ter d iameter of the  porcela in  sheds,  De ,  see  F igure  D . 3:   280  mm  

– ou ter d iameter of the  porcela in  core,  D i ,  see  F igure  D .3:   1 50  mm  

– d istance  from  the  cri ti cal  cross-section  to  the  top  of the  bush ing ,  dh ,  
see  F igure  D . 2 :   1  205  mm  

– wind  force,  Fw,  see  F igure  D . 2 ,  (p  ×  (De  +  D i )/2  ×  dh ) :  1 8, 1 4  N  

– bend ing  moment due  to  the  wind ,  Mbw,   (Fw  ×  dp) :  0 , 01  kN ·m  

D.3.4  Terminal  load  

The  ti p  l oad  at an  earthquake  event i s  equal  to  70  %  of the  can ti l ever operating  l oad  speci fied  
for the  bush ing  accord ing  to  1 0 . 1 :  

– can ti l ever operating  l oad ,  taken  from  I EC  601 37  

 (Ur  =  1 70  kV,  Ir  =  1 250  A,  Class  I ) ,  Fop :   800  N  

– ti p  l oad  at  the  terminal ,  Fti p ,  see  F igure  D . 2 ,  (Fop  ×  0 , 7):  560  N  

– d istance  from  the  cri ti cal  cross-section  to  the  terminal ,   
dti p ,  see  F igure  D . 2 :   1  325  mm  

– bend ing  moment due  to  the  ti p  l oad ,  Mbti p ,  (Fti p  ×  dti p) :  0 , 74  kNm  
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D.4 Guaranteed  bending  strength  

The  bush ing  must wi thstand  a  can ti l ever test l oad  i n  accordance  wi th  I EC  601 37  wi thout 
l eakage  or damage.  The  bend ing  moment occurring  du ring  th i s  test shou ld  be  compared  wi th  
the  tota l  bend ing  moment occurring  at the  cri ti cal  cross-section  due  to  the  seismic,  wind ,  
terminal  l oads  and  the  effect of g ravi ty:  

– can ti l ever wi thstand  l oad ,  Ftest:   1  600  N  

– bend ing  moment occurring  under can ti l ever test:   (Ftest  ×  dt i p)  2 . 1 2  kNm  

– tota l  bend ing  moment occurring  du ring  the  seismic even t:  (Mbs  +  Mbw  +  Mbti p)  2 , 04  kNm  

Resu l t  of qual i fi cation :  

The  bend ing  strength  i s  g reater than  the  stress  du ring  the  speci fied  seismic even t.  The  
bush ing  i s  therefore  qual i fi ed .  

As  an  a l ternative,  i t  can  be  compared  the  mechan ical  stress  (moment due  to  canti l ever)  at 
wh ich  the  i nsu lator mounted  on  the  bush ing  has  been  subjected  during  i ts  type  tests  wi th  the  
one  above  found ,  wh ich  must be  l ower.  
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Annex E  
( informative)  

 
Center clamped  bushings  

The  external  i nsu lator of a  trad i ti onal  o i l -to-ai r bush ing  for transformer can  be  of four types:  
composi te,  porcela in  cemented  to  the  flange,  porcela in  mechan ical l y clamped  to  the  flange  
and  porcela in  cen ter clamped .  

F igure  E . 1  shows  the  typical  structu re  of a  cen ter clamped  bush ing .  

The  porcelain  i s  compressed  by the  axial  clamping  force  of the  springs  p laced  i n  the  bush ing  
head  that act on  the  pre-tensioned  cen tral  tube  or rod  of the  bush ing .  The  l ower end  of the  
i nsu lator i s  not fi xed  to  the  flange,  as  for the  other types,  and  general l y a  gasket i s  i nserted  
between  the  l ower end  of the  porcela in  and  the  flange.  

When  a  l ateral  i ncreasing  force  i s  appl ied ,  the  bend ing  moment i ncreases  up  to  a  va lue  that 
exceeds  the  opposi te  resistance  moment g iven  by the  axia l  compression  force  of the  springs,  
and  the  porcela in  starts  to  upl i ft  from  i ts  end  fi tti ng .  When  th i s  open ing  process  i s  on ly smal l ,  
i n  case  of an  o i l  impregnated  paper bush ing ,  some  oi l  s tarts  to  exi t  and  when  the  bend ing  
force  decreases  the  bush ing  recloses  wi thou t damages  ( the  nonmetal l i c  gasket normal l y 
p laced  between  porcela in  and  end  fi tti ng  protects  i n  th is  case  from  ruptures),  bu t when  the  
open ing  process  i s  more  eviden t the  bush ing  remains  damaged  (gasket extrusion  or even  
worse  porcela in  breaking).  

The  fa i l u re  process  of a  cen ter clamped  bush ing  i s  typical  of th is  type  of bush ing  and  can  be  
schematized  i n  the  fol l owing  steps  (make  reference  to  F igure  E . 1  and  to  the  fol l owing  flow 
chart of F igure  E . 2) ,  depend ing  on  the  l ateral  force  en ti ty:  

d )  open ing  starts  and  i n  presence  of o i l  there  i s  a  s l i gh t spi l l i ng ;  

e)  s l i ppage  of porcelain  and  extrusion  of the  gasket;  

f)  i ncrease  of tensi le  stress  at  the  l ower end  of porcelain ;  

g )  cracking  of the  edge  of the  porcela in .   

 

Figure  E.1  –  Fai lure  process  [6]  
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Figure  E.2  – Fai lure  process,  flow chart  [5]  [6]  

The  profi le  of the  stresses,  compression  stress  (σc)  and  tensi l e  stress  (σt) ,  du ring  the  
open ing  phase  of the  i nsu lator i s  qual i tati vely i nd icated  i n  F igure  E . 3.  

 

Figure  E.3  – Stress  profi le  during  the  open ing  process  [6]  

Fol lowing  to  some  experimental  and  FEM  stud ies,  i t  has  been  found  a  dependence  between  
the  compression  stress  and  the  tensi l e  stress  i n  the  edge  of the  porcela in  part due  to  the  
concentrated  l od ing .  

A d iagram  i s  shown  i n  F igure  E . 4  [6 ] .  
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Figure  E.4  – Relation  between  compression  and  tensi le  stress  in  the  bottom  edge  
of the  porcelain  due  to  the  open ing  process  [6]  

Th is  re lation  can  be  usefu l  because  i s  possib le  to  measure  the  compression  stress  wi th  stra in  
gauges,  and  calcu late  consequently the  tensi le  stress.  

Special  consideration  shal l  be  paid  for the  seismic evaluation  of th i s  ki nd  of bush ings,  
because  due  to  thei r structu re  they show typical  non-l i near phenomena,  to  be  taken  i n to  
account du ring  the  vibrational  tests.  

The  fol l owing  th ree  types  of non-l i near phenomena  are  observed .  

1 )  Natu ral  frequency sh i fts  to  l ow frequencies  when  i ncreasing  the  i npu t l evel .  

As  a  consequence,  when  a  s inusoidal  wave  as  s i ne-beat wi th  natu ral  frequency i s  used ,  
an  accurate  search ing  of maximum  response  wi l l  be  necessary i n  order to  cal i brate  the  
exci ti ng  frequency.  

2 )  Vibration  mode  changes  from  s imply bend ing  to  a  rotation+bend ing .  The  rotation  i s  
consequence  of the  open ing  phenomenon  of the  porcela in .  Th is  l eads  to  a  behavior no  
more  axisymmetric.  

3)  The  response  of the  bush ing  shows  non-l i near characteri sti c when  the  i npu t l evel  i s  
i ncreased .  
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