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I N TERN ATI ON AL ELECTROTECH N I CAL COM M I SSI ON  

____________ 

 

SHUNT CAPACITORS FOR AC POWER SYSTEMS HAVING  

A RATED VOLTAGE ABOVE 1  000  V – 

 

Part 3:  Protection  of shunt capacitors  and  

shunt capaci tor banks  

 
FOREWORD 

1 )  Th e  I n te rn ati on al  E l ectrotech n i ca l  Com m i ss i on  ( I E C )  i s  a  wo rl d wi d e  o rg an i zati o n  for s tan d ard i zati on  com p ri s i n g  
a l l  n ati o n al  e l ectrote ch n i ca l  co m m i tte es  ( I E C  N ati on al  C om m i ttees ) .  Th e  o b j ect  of I E C  i s  to  prom ote  
i n tern ati on al  co -o perati o n  o n  a l l  q u es ti on s  con cern i n g  s ta n d ard i zati o n  i n  th e  e l ectri ca l  a n d  e l ectron i c fi e l d s.  To  
th i s  en d  a n d  i n  a d d i ti o n  to  o th e r acti vi ti es ,  I E C  pu bl i s h es  I n te rn a ti on a l  S tan d a rd s ,  Tech n i ca l  S peci fi cati on s ,  
Tech n i ca l  Rep orts ,  P u bl i cl y Avai l ab l e  S pe ci fi cati on s  (P AS )  an d  G u i d e s  (h ereafter refe rred  to  as  “ I E C  
P u b l i ca ti on (s )” ) .  Th e i r prep ara ti on  i s  en tru s ted  to  te ch n i ca l  com m i tte es ;  a n y I E C  N ati on al  C om m i ttee  i n te re sted  
i n  th e  s u b j ect  d ea l t  wi th  m ay p arti ci pate  i n  th i s  prepa ra tory wo rk.  I n tern ati on al ,  g overn m en ta l  an d  n on -
g o ve rn m en ta l  org an i za ti on s  l i a i s i n g  wi th  th e  I E C  a l so  parti ci pate  i n  th i s  pre parati o n .  I E C  col l ab ora tes  cl os el y 
wi th  th e  I n tern ati o n al  O rg an i zati on  for S tan d ard i zati on  ( I S O)  i n  a cco rd a n ce  wi th  con d i ti on s  d eterm i n e d  by 
ag ree m en t  be twe en  th e  two  org an i za ti on s .  

2 )  Th e  form al  d e ci s i o n s  or ag ree m en ts  of I E C  on  tech n i ca l  m atters  expres s ,  a s  n ea rl y as  pos s i b l e ,  an  
i n te rn ati on al  con s en s u s  of op i n i on  on  th e  re l evan t  s u b j ects  s i n ce  ea ch  tech n i ca l  com m i ttee  h as  re pre s en ta ti on  
from  a l l  i n tere s ted  I E C  N ati on a l  Com m i tte es .   

3 )  I E C  P u bl i cati on s  h ave  th e  form  o f recom m en d a ti on s  for i n tern ati o n al  u s e  an d  a re  accepted  b y I E C  N a ti on a l  
Com m i tte es  i n  th at  s e n s e.  Wh i l e  a l l  reas on abl e  e ffo rts  are  m ad e  to  en s u re  th at  th e  tech n i ca l  con te n t  o f I E C  
P u bl i cati on s  i s  accu rate ,  I E C  can n ot  be  h e l d  res pon si b l e  for th e  way i n  wh i ch  th ey are  u s ed  or for an y 
m i s i n terpretati on  by a n y en d  u s er.  

4 )  I n  ord er to  prom o te  i n tern ati o n al  u n i fo rm i ty,  I E C  N a ti on al  C om m i ttee s  u n d ertake  to  appl y I E C  P u bl i cati on s  
tran s paren tl y to  th e  m axi m u m  exte n t  p os s i b l e  i n  th e i r n a ti on a l  an d  re g i on a l  pu b l i cati on s .  An y d i verg en ce  
between  an y I E C  P u bl i cati o n  a n d  th e  co rres po n d i n g  n ati on al  or reg i on a l  pu b l i ca ti on  s h a l l  b e  cl ea rl y i n d i ca ted  i n  
th e  l a tter.  

5)  I E C  i ts e l f d oes  n ot  p ro vi d e  an y attes tati o n  o f con form i ty.  I n d e pen d en t  certi fi cati o n  bo d i es  provi d e  co n form i ty 
a s se ss m en t se rvi ces  a n d ,  i n  s om e  areas ,  acces s  to  I E C  m a rks  of con form i ty.  I E C  i s  n ot  res pon s i b l e  for an y 
s e rvi ces  carri e d  o u t  by i n d e pen d en t  certi fi cati o n  b od i es .  

6)  Al l  u s ers  s h ou l d  en s u re  th a t  th ey h a ve  th e  l a tes t  ed i ti o n  of th i s  pu b l i ca ti on .  

7)  N o  l i a b i l i ty s h a l l  a ttach  to  I E C  o r i ts  d i rectors ,  em pl oyees ,  s ervan ts  o r ag en ts  i n cl u d i n g  i n d i vi d u a l  exp erts  a n d  
m e m bers  o f i ts  te ch n i ca l  co m m i ttees  a n d  I E C  N ati on al  Com m i tte es  fo r an y p erso n al  i n j u ry,  prope rty d am ag e  or 
oth er d am a g e  of a n y n atu re  wh ats oe ver,  wh eth er d i re ct  or i n d i re ct,  or for cos ts  ( i n cl u d i n g  l e g a l  fee s )  an d  
exp en s es  a ri s i n g  ou t  of th e  pu bl i cati on ,  u s e  o f,  or re l i a n ce  u pon ,  th i s  I E C  P u bl i cati o n  o r a n y oth er I E C  
P u bl i ca ti on s .   

8)  Atten ti on  i s  d rawn  to  th e  N orm ati ve  referen ces  ci ted  i n  th i s  pu bl i cati on .  U s e  o f th e  referen ced  pu bl i cati on s  i s  
i n d i s pe n s abl e  for th e  co rrect  app l i cati on  of th i s  p u bl i cati on .  

9)  Atten ti o n  i s  d rawn  to  th e  pos s i b i l i ty th at  s om e  of th e  e l em e n ts  of th i s  I E C  P u bl i cati on  m ay be  th e  s u bj ect  of 
paten t  ri g h ts .  I E C  s h a l l  n ot  be  h e l d  re sp on s i b l e  for i d e n ti fyi n g  an y or a l l  s u ch  paten t  ri g h ts .  

Th e  m ai n  task of I EC  tech n i cal  com m i ttees  i s  to  prepare  I n tern ati on al  Stan d ard s.  I n  
excepti on al  ci rcu m stan ces,  a  tech n i cal  com m i ttee  m ay propose  th e  pu bl i cati on  of a  tech n i cal  
speci fi cati on  wh en  

•  th e  req u i red  su pport can n ot be  obtai n ed  for th e  pu bl i cati on  of an  I n tern ati on al  Stan d ard ,  
d espi te  repeated  efforts,  or 

•  th e  su bj ect i s  sti l l  u n d er tech n i cal  d evel opm en t or wh ere,  for an y oth er reason ,  th ere  i s  
th e  fu tu re  bu t n o  i m m ed i ate  possi b i l i ty of an  ag reem en t on  an  I n tern ati on al  Stan d ard .  

I n tern ati on al  Stan d ard  I E C  60871 -3,  wh i ch  i s  a  tech n i cal  speci fi cati on ,  h as  been  prepared  by 
I EC  tech n i cal  com m i ttee  33:  Power capaci tors  an d  th ei r appl i cati on s.  

Th i s  secon d  ed i ti on  can cel s  an d  repl aces  th e  fi rst  ed i ti on  pu bl i sh ed  i n  1 996.  Th i s  ed i ti on  
con sti tu tes  a  tech n i cal  revi s i on .  
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Th i s  ed i ti on  i n cl u d es  th e  fol l owi n g  s i g n i fi can t tech n i cal  ch an g es  wi th  respect to  th e  previ ou s  
ed i ti on :  

a)  Cl earer wri ti n g  of form u l as  on  en erg y l i m i tati on  for expu l s i on  fu ses;  

b)  U pd ated  n orm ati ve  referen ces  an d  b i b l i og raph y;  

c)  A n ew cl au se  for syn ch ron i zed  swi tch i n g  h as  been  ad d ed .  

Th e  text of th i s  tech n i cal  speci fi cati on  i s  based  on  th e  fol l owi n g  d ocu m en ts:  

E n q u i ry d raft  Report  on  vo ti n g  

3 3 /54 5 /D TS  3 3 /56 3 /RVC  

 
Fu l l  i n form ati on  on  th e  voti n g  for th e  approval  of th i s  tech n i cal  speci fi cati on  can  be  fou n d  i n  
th e  report on  voti n g  i n d i cated  i n  th e  above  tabl e.  

Th i s  pu bl i cati on  h as  been  d rafted  i n  accord an ce  wi th  th e  I SO/I EC D i recti ves,  Part 2 .  

A l i st  of a l l  parts  i n  th e  I EC  60871 ,  pu bl i sh ed  u n d er th e  g en eral  ti tl e  Shunt capacitors for a. c.  
power systems having a  rated voltage above 1  000 V,  can  be  fou n d  on  th e  I EC  websi te.  

Th e  com m i ttee  h as  d eci d ed  th at th e  con ten ts  of th i s  pu bl i cati on  wi l l  rem ai n  u n ch an g ed  u n ti l  
th e  stabi l i ty d ate  i n d i cated  on  th e  I EC  websi te  u n d er "h ttp: //webstore. i ec. ch "  i n  th e  d ata  
re l ated  to  th e  speci fi c  pu bl i cati on .  At th i s  d ate,  th e  pu bl i cati on  wi l l  be  

•  tran sform ed  i n to  an  I n tern ati on al  stan d ard ,  

•  recon fi rm ed ,  

•  wi th d rawn ,  

•  repl aced  by a  revi sed  ed i ti on ,  or 

•  am en d ed .  

 

A b i l i n g u al  versi on  of th i s  pu bl i cati on  m ay be  i ssu ed  at a  l ater d ate.  
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SHUNT CAPACITORS FOR AC POWER SYSTEMS HAVING  

A RATED VOLTAGE ABOVE 1  000  V – 

 
Part 3:  Protection  of shunt capaci tors  and  

shunt capaci tor banks  

 

 
 

1  Scope 

Th i s  part of I E C  60871 ,  wh i ch  i s  a  tech n i cal  speci fi cati on ,  g i ves  g u i d an ce  on  th e  protecti on  of 
sh u n t capaci tors  an d  sh u n t capaci tor ban ks.  i t  appl i es  to  capaci tors  accord i n g  to  I EC  60871 -
1 .  

2  Normative  references  

Th e  fol l owi n g  d ocu m en ts,  i n  wh ol e  or i n  part,  are  n orm ati vel y referen ced  i n  th i s  d ocu m en t 
an d  are  i n d i spen sabl e  for i ts  appl i cati on .  For d ated  referen ces,  on l y th e  ed i ti on  ci ted  appl i es.  
For u n d ated  referen ces,  th e  l atest ed i ti on  of th e  referen ced  d ocu m en t ( i n cl u d i n g  an y 
am en d m en ts)  appl i es.  

I EC  60549,  High-voltage fuses for the external protection of shunt capacitors  

I EC  60871 -1 ,  Shunt capacitors for a. c.  power systems having a  rated voltage above 1  000 V 
–Part 1 :  General  

I EC  60871 -4,  Shunt capacitors for AC power systems having a  rated voltage above 1  000 V –
Part 4:  Internal fuses  

3  Terms  and  defin i tions  

For th e  pu rposes  of th i s  d ocu m en t,  th e  term s  an d  d efi n i ti on s  g i ven  i n  I EC  60549,  I E C  60871 -
1  an d  I EC  60871 -4  appl y.  

4 In ternal  fuses  

4.1  General  

I n tern al  fu ses  for sh u n t capaci tors  are  sel ecti ve  cu rren t- l i m i ti n g  fu ses  arran g ed  i n si d e  a  
capaci tor.  As  d efi n ed  i n  I EC  60871 -4,  th ey are  d esi g n ed  to  i sol ate  fau l ted  capaci tor e l em en ts  
or capaci tor u n i t,  to  a l l ow operati on  of th e  rem ai n i n g  parts  of th at capaci tor u n i t  an d  th e  ban k 
i n  wh i ch  th e  capaci tor u n i t  i s  con n ected .  

Th e  operati on  of an  i n tern al  fu se  i s  i n i ti ated  by th e  breakd own  of a  capaci tor e l em en t.  Th e  
affected  e l em en t i s  i n stan tan eou sl y d i scon n ected  by th e  operati on  of th e  e l em en t fu se  
wi th ou t i n terru pti on  i n  th e  operati on  of th e  capaci tor.  

Th e  n u m ber of extern al l y paral l e l  con n ected  capaci tors  an d  th e  avai l abl e  sh ort-ci rcu i t  cu rren t 
of th e  su ppl y system  sh ou l d  n ot affect th e  cu rren t- l i m i ti n g  of i n tern al  fu ses.  

I t  sh ou l d  be  n oted  th at i n tern al  fu ses  d o  n ot provi d e  protecti on  ag ai n st a  sh ort ci rcu i t  between  
i n tern al  con n ecti on s  or a  sh ort ci rcu i t  between  acti ve  parts  an d  casi n g ,  both  of wh i ch  m ay 
l ead  to  case  ru ptu re.  
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4.2  Fuse  characteristics  

4.2 . 1  Rated  current 

Th ere  i s  n o  d efi n i ti on  or test m eth od  exi sti n g  for e l em en t fu ses.  

E l em en t fu ses  are,  i n  g en eral ,  d esi g n ed  for m u ch  h i g h er cu rren ts  th an  th e  m axi m u m  
perm i ssi b l e  e l em en t cu rren t.  Th ey are  m ean t to  d i scon n ect on l y fau l ty e l em en ts.  Th e  fau l ty 
e l em en ts  an d  th ei r fu ses  are  n ot i n ten d ed  to  be  repl aced .  

4.2.2  Rated  d ischarge  capabi l i ty 

I EC  60871 -4  an d  I EC  60871 -1  speci fy th at th e  capaci tor be  su bj ect to  fi ve  u n d am ped  
d i sch arg es  from  a  d . c.  ch arg e  l evel  of 2 , 5  UN .  For speci a l  appl i cati on s,  wh ere  i n ru sh  cu rren ts  
an d /or peak vol tag es  are  l i m i ted ,  l ower d i sch arg e  req u i rem en ts  are  appl i cabl e.  

4.2.3  Disconnecting  capabi l i ty 

Req u i rem en ts  an d  test proced u res  are  g i ven  i n  I EC  60871 -4.  Th ese  tests  veri fy th at th e  fu se  
h as  a  cu rren t- l i m i ti n g  acti on .  

4.2.4  Vol tage  wi thstand  capabi l i ty after operation  

Req u i rem en ts  an d  test proced u res  are  g i ven  i n  I E C  60871 -4.  

4.3  Influence  of capaci tor element configuration  on  capaci tor l i fe  

4.3. 1  Capaci tor wi th  al l  elements  connected  in  paral lel  

After th e  breakd own  of an  e l em en t,  th e  respecti ve  fu se  wi l l  m el t  i n  l ess  th an  a  m i l l i secon d  
owi n g  to  th e  d i sch arg e  cu rren t from  th e  paral l e l  con n ected  e l em en ts  an d  capaci tors  an d  th e  
power freq u en cy cu rren t from  th e  su ppl y.  Th e  capaci tor m ay,  h owever,  con ti n u e  operati n g  
wi th  a  correspon d i n g l y red u ced  ou tpu t.  

I f th e  capaci tor i s  operated  at a  fi xed  bu s  vol tag e,  n o  vari ati on  i n  operati n g  vol tag e  on  th e  
rem ai n i n g  h eal th y e l em en ts  wi l l  occu r.  

4.3.2  Capaci tor wi th  elements  connected  in  series  and  paral lel  

After th e  breakd own  of an  e l em en t,  a l l  paral l e l  con n ected  e l em en ts  d i sch arg e  th ei r stored  
en erg y or part of i t  i n to  th e  fau l ty e l em en t.  Th e  power freq u en cy cu rren t i s  l i m i ted  by th e  
rem ai n i n g  h eal th y e l em en ts  con n ected  i n  seri es.  

After th e  d i scon n ecti on  of th e  fau l ty e l em en t,  th e  capaci tor con ti n u es  operati n g  wi th  a  
correspon d i n g l y red u ced  ou tpu t.  Th e  rem ai n i n g  h eal th y e l em en ts  of th e  g rou p  are  th en  

stressed  wi th  a  vol tag e  approxi m atel y m ×  n  /[m  (n  –  1 )  +  1 ]  ti m es  th e  i n i ti a l  vol tag e,  wh ere  n  
i s  th e  n u m ber of paral l e l  con n ected  e l em en ts  per g rou p  an d  m th e  n u m ber of seri es-
con n ected  secti on s  per u n i t.  I n  certa i n  cases  th e  vol tag e  m ay be  h i g h er,  for exam pl e  d u e  to  
n eu tral  sh i ft  wi th  an  u n g rou n d ed  star con fi g u rati on .  

5 External  fuses  

5.1  General  

Extern al  fu ses  for sh u n t capaci tors  are  d efi n ed  i n  I EC  60549  as  i n ten d ed  to  cl ear fau l ts  i n s i d e  
a  capaci tor u n i t  an d  to  perm i t con ti n u ed  operati on  of th e  rem ai n i n g  parts  of th e  ban k i n  wh i ch  
th e  u n i t  i s  con n ected .  Th ey wi l l  a l so  cl ear an  extern al  capaci tor bu sh i n g  fl ash over.  
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Th e  operati on  of an  extern al  fu se  i s  g en eral l y d eterm i n ed  by th e  power freq u en cy fau l t  
cu rren t an d  by th e  d i sch arg e  en erg y from  capaci tors  con n ected  i n  paral l e l  wi th  th e  fau l ty 
capaci tor.  

Th e  i n i ti a l  breakd own  i s  u su al l y of an  i n d i vi d u al  e l em en t wi th i n  a  capaci tor.  Th i s  i n vari abl y 
becom es  a  sh ort ci rcu i t  wh i ch  rem oves  a l l  e l em en ts  i n  paral l e l  wi th  i t  an d  e l i m i n ates  on e  
seri es  secti on  from  th e  capaci tor.  Sh ou l d  th e  cau se  of th e  i n i ti a l  fa i l u re  con ti n u e,  fa i l u re  of 
su ccessi ve  seri es  secti on s  (wh i ch  see  an  i n creasi n g  vol tag e  wi th  each  seri es  secti on  
rem oved )  wi l l  occu r.  Th i s  cau ses  an  i n crease  i n  th e  cu rren t th rou g h  th e  capaci tor to  th e  poi n t  
wh ere  th e  fu se  operates  rem ovi n g  th e  fa i l ed  capaci tor from  th e  ci rcu i t.  

I t  sh ou l d  be  n oted ,  parti cu l arl y i n  th e  case  of paper or paper/fi l m  d i e l ectri c capaci tors,  th at 
th e  capaci tor case  m ay occasi on al l y ru ptu re  i n  th e  even t of fa i l u re.  Th i s  occu rs  wh en  th e  
i n i ti a l  e l em en t fa i l u re  h as  h i g h  resi stan ce  between  th e  sh orted  e l ectrod es  d u e  to  th e  
presen ce  of paper an d  su stai n ed  arci n g  g en erates  g as  wh i ch  swel l s  th e  case  to  th e  poi n t  
wh ere  i t  m ay ru ptu re  before  th e  protecti n g  fu se  can  d i scon n ect th e  capaci tor.  

Capaci tors  wi th  a l l -fi l m  d i e l ectri c h ave  a  l ower i n ci d en ce  of case  ru ptu re  becau se  th e  fi l m  
m el ts  an d  g en eral l y a l l ows  a  l ow resi stan ce  sh ort between  th e  e l ectrod es.  H owever,  case  
ru ptu re  m ay sti l l  occu r d u e  to  arci n g  wh en  th ere  i s  a  broken  i n tern al  con n ecti on  an d  wh en  
th ere  i s  excessi ve  stored  en erg y avai l abl e  i n  paral l e l  capaci tors  an d /or h i g h  power freq u en cy 
fau l t  cu rren t.  

5.2  Fuse  characteristics  

5.2 . 1  Rated  current 

Th e  rated  cu rren t of th e  sel ected  fu se  sh ou l d  be  con si sten t wi th  th e  cri teri a  u sed  for th e  
sel ecti on  of a  swi tch  or ci rcu i t-breaker for th e  sam e   ban k.  From  th e  vari ou s  n ati on al  
stan d ard s  th e  m i n i m u m  accepted  rati n g  i s  1 , 35  ti m es  th e  rated  capaci tor cu rren t.  

I n  a  stead y-state  basi s,  th ere  i s  n o  n eed  for th e  fu se  capabi l i ty to  exceed  th at for th e  swi tch  
or ci rcu i t-breaker.  H owever,  tran si en t con d i ti on s  su ch  as  cu rren ts  associ ated  wi th  system  or 
ban k swi tch i n g  sh ou l d  be  con si d ered .  I t  i s  com m on  to  u se  a  fu se  wi th  a  cu rren t rati n g  of 1 , 65  
ti m es  th e  rated  capaci tor cu rren t.  

I E C  60549  speci fi es  th at th e  fu se  rated  cu rren t be  at  l east 1 , 43  ti m es  th e  capaci tor rati n g .  
Th i s  fa l l s  between  th e  two  val u es  m en ti on ed  above  of 1 , 35  an d  1 , 65.  For som e ban ks,  th e  
fu se  rati n g  m ay be  h i g h er th an  1 , 65  ti m es  th e  capaci tor rated  cu rren t to  avoi d  spu ri ou s  fu se  
operati on  d u e  to  swi tch i n g  tran si en ts  an d  for m ech an i cal  reason s.   

N O TE  Th e  con ti n u ou s  rati n g  of th e  fu se  i s  n o t  n eces s ari l y i ts  n am ep l ate  rati n g .  F or exam pl e ,  an  exp u l s i o n  fu s e  
l i n k wi th  a  ra ti n g  m u ch  s m al l er th an  th e  ra ti n g  of th e  fu s e  h ol d e r can  ca rry 1 50  %  of i ts  n am epl ate  rati n g  on  a  
con ti n u ou s  ba si s .  I t  i s  extrem el y i m p ortan t  th at  th e  actu a l  cu rren t  rati n g  of th e  fu s e  l i n k be  kn o wn .  Typi ca l l y,  fu s e  
h ol d ers  are  avai l a b l e  i n  two  cu rren t  ra ti n g s ,  o n e  fo r u p  to  50  A an d  th e  o th e r fo r u p  to  1 0 0  A,  wh e re as  fu s e  l i n ks  
u s ed  i n  th e se  h o l d ers  are  ra ted  from  5  A to  1 0 0  A.  Th es e  h ol d ers  a l so  vary i n  vo l ta g e  rati n g ,  e . g .  u p  to  9  kV,  9  kV 
to  1 6  kV an d  1 6  kV to  2 5  kV.  

5.2.2  Rated  vol tage  

Th e  rated  vol tag e  of th e  fu se  sh ou l d  be  n ot l ess  th an  1 , 1  ti m es  th e  rated  vol tag e  of th e  
capaci tor wi th  wh i ch  i t  i s  associ ated  i n  ord er to  m eet th e  req u i rem en ts  of I EC  60549.  

5.2.3  Time-current characteristics  

Ti m e-cu rren t ch aracteri sti cs  are  avai l abl e  from  m ost fu se  m an u factu rers  to  assi st i n  
coord i n ati on .  

Th i s  i n form ati on  i s  som eti m es  avai l abl e  i n  tabl e  form .  
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5.2.4  Discharge  capabi l i ty 

Th e  extern al  fu se  sh ou l d  be  capabl e  of wi th stan d i n g  i n ru sh  tran si en ts  an d  cu rren ts  d u e  to  
extern al  sh ort  ci rcu i ts.  I EC  60549  speci fi es  tests  to  veri fy th e  I 2t to  wh i ch  th e  fu se  m ay be  
su bj ected  for 5  an d  1 00  d i sch arg es.  

5.3  Fuse  types  

5.3. 1  General  

Th e  d i fferen t types  of fu se  are  i n d i cated  i n  F i g u re  1 .  

 

Current-l imiting  Expulsion  Combination  
(current-l imiting/expulsion)  

Indoor/Outdoor Outdoor Outdoor 

External  fuses 

IEC  

Figure  1  – Fuse  types  

5.3.2  Expu lsion  fuses  

Th e  fol l owi n g  i n form ati on  on  expu l s i on  fu ses  sh ou l d  be  n oted :  

a)  Expu l s i on  fu ses  are  n orm al l y u sed  i n  ou td oor appl i cati on s  d u e  to  n oi se  an d  g ases  
re l eased  d u ri n g  fu se  operati on .  

b)  Expu l s i on  fu ses  h ave  l i m i ted  power freq u en cy fau l t  cu rren t capabi l i ty.  Th erefore  con su l t  
wi th  th e  fu se  m an u factu rer wh en  fau l t  cu rren t at th e  fu se  exceed s  1  800  A,  or u se  
cu rren t- l i m i ti n g  fu ses.  

F l oati n g  star-con n ected  ban ks  an d  th ose  wi th  m u l ti p l e  seri es  secti on s  m i n i m i ze  th e  
i m portan ce  of th e  power freq u en cy i n terru pti n g  capabi l i ty of th e  fu se.  

c)  E xpu l s i on  fu ses  h ave  l i m i ted  abi l i ty to  cl ear ag ai n st th e  d i sch arg e  en erg y of capaci tors  
con n ected  i n  paral l e l  wi th  a  sh orted  capaci tor.  S tan d ard  fu ses  are  g en eral l y rated  at 
1 5  kJ  or l ess;  con su l t  th e  fu se  m an u factu rer.  

Both  fu se  tu bes  an d  capaci tor cases  m ay ru ptu re  d u e  to  en erg y avai l abl e  i n  th e  even t of a  
capaci tor fa i l u re.  Th e  probabi l i ty of case  ru ptu re  i n  th e  even t of capaci tor fa i l u re  i s  
g en eral l y con si d ered  acceptabl e  wi th  a l l -fi l m  capaci tors  wh en  th e  paral l e l  en erg y h as  
g en eral l y been  l i m i ted  to  1 5  kJ .  Th i s  l i m i t  i s  ca l cu l ated  on  th e  basi s  th at th e  capaci tor 
vol tag e  i s  at  1 , 1  ti m es  th e  peak val u e  of rated  vol tag e  (wh en  h i g h er power freq u en cy 
overvol tag es  are  an ti ci pated ,  th e  paral l e l  en erg y sh ou l d  be  red u ced  accord i n g l y) .  At rated  
vol tag e,  th i s  l i m i t  i s  eq u i val en t to  4  650  kvar of paral l e l  con n ected  capaci tors  at  60  H z  an d  
3  900  kvar at 50  H z.  For a l l -paper an d  fi l m /paper capaci tors,  th e  en erg y i s  typi cal l y l i m i ted  
to  1 0  kJ .  

From  en erg y i n  W. s.  (J ) :  E n erg y =  C  ×  (Urm s)2  

S u bsti tu ti n g  capaci tan ce:  C  (µ F)  =  
2
NN2

0001kvar

Uf ××

×

π
 

I t  fo l l ows  th en  th at:  en erg y =  1 59  ×  kvar/freq u en cy 

d )  Expu l s i on  fu se  l i n ks  are  avai l abl e  i n  AN S I  Type  T an d  Type  K (see  b i b l i og raph y).  
Th e  d i fferen ce  i n  perform an ce  i s  i n  th e  ti m e  for m el ti n g  of th e  l i n k,  as  sh own  i n  Tabl es  
1  an d  2 .  
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5.3.3  Current-l imi ting  fuses  

Th e  fol l owi n g  i n form ati on  on  cu rren t- l i m i ti n g  fu ses  sh ou l d  be  n oted :  

a)  Cu rren t- l i m i ti n g  fu ses  m ay be  u sed  for i n d oor an d  ou td oor appl i cati on s.  

b)  Cu rren t- l i m i ti n g  fu ses  wi l l  l i m i t  th e  power freq u en cy sh ort-ci rcu i t  cu rren t to  l ess  th an  th e  
prospecti ve  val u e  an d  wi l l  red u ce  th e  cu rren t to  zero  before  th e  n orm al  worki n g  freq u en cy 
cu rren t zero.  

c)  G en eral l y,  cu rren t- l i m i ti n g  fu ses  i m pose  n o  u pper l i m i t  on  th e  paral l e l  stored  en erg y 
avai l abl e  to  a  sh orted  capaci tor.  H owever,  som e  cu rren t- l i m i ti n g  fu ses  h ave  a  m axi m u m  
l i m i t  for paral l e l  en erg y.  Th e  fu se  m an u factu rer sh ou l d  be  con su l ted  reg ard i n g  th e  
d i sch arg e  en erg y i n terru pti n g  rati n g .  

d )  I t  sh ou l d  be  n oted  th at som e  fu ses  wi l l  n ot cl ear on  power freq u en cy cu rren t.  Th e  fu se  
m an u factu rer sh ou l d  be  con su l ted  reg ard i n g  th e  i n terru pti n g  rati n g  for power freq u en cy 
cu rren t.  

5.3.4 Combination   current-l imi ting/expu lsion  fuses  

As th e  n am e  i m pl i es,  th ese  fu ses  com bi n e  a  tota l l y en cl osed  cu rren t- l i m i ti n g  fu se  wi th  an  
expu l s i on  fu se.  

a)  As  wi th  expu l s i on  fu ses,  com bi n ati on  fu ses  are  n orm al l y u sed  i n  ou td oor appl i cati on s  d u e  
to  n oi se  an d  g ases  re l eased  d u ri n g  fu se  operati on .  

b)  As  wi th  cu rren t- l i m i ti n g  fu ses,  com bi n ati on  fu ses  wi l l  l i m i t  th e  power freq u en cy sh ort-
ci rcu i t  cu rren t to  l ess  th an  th e  prospecti ve  val u e  an d  wi l l  red u ce  th e  cu rren t to  zero  
before  th e  n orm al  worki n g  freq u en cy cu rren t zero.  

c)  As  wi th  cu rren t- l i m i ti n g  fu ses,  com bi n ati on  fu ses  g en eral l y h ave  n o  u pper l i m i t  on  th e  
paral l e l  stored  en erg y avai l abl e  to  a  sh orted  capaci tor.  H owever,  som e  com bi n ati on  fu ses  
h ave  a  m axi m u m  l i m i t  for paral l e l  en erg y.  Th e  fu se  m an u factu rer sh ou l d  be  con su l ted  
reg ard i n g  th e  d i sch arg e  en erg y i n terru pti n g  rati n g .  

d )  I t  sh ou l d  be  n oted  th at som e  fu ses  wi l l  n ot cl ear on  power freq u en cy cu rren t.  Th e  fu se  
m an u factu rer sh ou l d  be  con su l ted  reg ard i n g  th e  i n terru pti n g  rati n g  for power freq u en cy 
cu rren t.  

5.4 Influence  of capaci tor bank configuration  on  fuse  selection  

5.4. 1  Sing le  series  section  grounded  star and  del ta  banks  

Cu rren t- l i m i ti n g  or com bi n ati on  fu ses  are  n orm al l y req u i red  becau se  a  sh orted  capaci tor i s  
su bj ected  to  h i g h  fau l t  cu rren ts  th at m ay cau se  th e  fu se  h ol d er or capaci tor case  to  ru ptu re.  

5.4.2  Single  series  section  ungrounded  star banks  

Th e  avai l abl e  en erg y from  paral l e l  con n ected  capaci tors  wi l l  probabl y be  th e  d eterm i n i n g  
factor i n  se l ecti n g  e i th er expu l s i on  or on e  of th e  cu rren t- l i m i ti n g  opti on s.  

5.4.3  Mu l tiple  series  section  banks  

Avai l abl e  sh ort-ci rcu i t  cu rren t i s  n ot a  factor i n  th ese  ban ks  s i n ce  th e  m u l ti p l e  seri es  secti on s  
wi l l  l i m i t  th e  fau l t  cu rren t th rou g h  a  sh orted  capaci tor.  I n  l arg e  ban ks  h avi n g  m an y capaci tors  
i n  paral l e l  per seri es  secti on ,  expu l s i on  type  fu ses  m ay often  be  u sed  i f th e  ban k 
con fi g u rati on  i s  ch an g ed ,  e . g .  to  d ou bl e  star,  to  l i m i t  th e  paral l e l  en erg y.  

5.5  Coordination  wi th  case  rupture  curves  

I n  ad d i ti on  to  th e  con si d erati on s  i n  fu se  sel ecti on  a l read y d eal t  wi th ,  th e  fu se  sh ou l d  
coord i n ate  wi th  th e  ru ptu re  cu rves  for th e  ban k capaci tor u n i ts.  
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Th ese  cu rves  are  avai l abl e  i n  som e n ati on al  stan d ard s  an d  from  m an u factu rers  of capaci tors.  
F i g u re  2  i l l u strates  exam pl es  of th ese  cu rves.   

To  m i n i m i ze  ri sk of case  ru ptu re,  se l ected  fu ses  sh ou l d  provi d e  coord i n ati on  i n  th e  " l ow 
probabi l i ty"  reg i on .  Refer to  5 . 3 . 2 ,  5 . 3. 3  an d  5. 3 . 4  for com m en ts  on  en erg y from  capaci tors  
con n ected  i n  paral l e l .  

6 Unbalance  detection  

6.1  Operation  

Each  ti m e  an  i n tern al  capaci tor e l em en t fa i l s ,  a  s l i g h t ch an g e  of vol tag e  d i stri bu ti on  an d  
cu rren t fl ow wi th i n  th e  capaci tor ban k i s  en cou n tered .  Th e  m ag n i tu d e  of th ese  ch an g es  
d epen d s  u pon  th e  n u m ber of fa i l ed  e l em en ts  an d  th ei r l ocati on  wi th i n  th e  ban k.  I f an  
extern al l y fu sed  capaci tor i s  d i scon n ected  by i ts  fu se,  a  l arg er vol tag e  an d  cu rren t ch an g e  i s  
obtai n ed  th an  i f s i n g l e  e l em en ts  are  d i scon n ected  by i n tern al  fu ses.  

By th e  u se  of vari ou s  ban k con n ecti on s  an d  re l ayi n g  sch em es,  th e  vol tag e  or cu rren t 
u n bal an ce  m ay be  m easu red  an d  u ti l i zed  for protecti on .  Th e  m ai n  pu rpose  of th e  u n bal an ce  
protecti on  i s  to  g i ve  an  a l arm  or to  d i scon n ect th e  en ti re  capaci tor ban k wh en  overvol tag es  
across  h eal th y capaci tors,  ad j acen t to  a  fa i l ed  capaci tor,  are  excessi ve.  N orm al l y n ot m ore  
th an  1 0  %  overvol tag e  sh ou l d  be  a l l owed  (overvol tag e  l i m i t  accord i n g  to  I EC  60871 -1 ).  

An oth er fu n cti on  of th e  u n bal an ce  protecti on  i s  to  rem ove  th e  ban k from  servi ce  for a  fau l t  n ot 
i sol ated  by a  fu se  or to  protect ban ks  th at are  n ot i n tern al l y or extern al l y fu sed .   U n bal an ce  
protecti on  i s  n ot a  repl acem en t for sh ort-ci rcu i t  protecti on .  

6.2  Types  of unbalance  protection  

6.2 . 1  Neutral  current (Figure  3)  

Th e  capaci tors  are  star-con n ected  (g rou n d ed )  wi th  a  cu rren t tran sform er between  n eu tral  an d  
g rou n d .  An  u n bal an ce  i n  th e  ban k wi l l  cau se  cu rren t to  fl ow from  n eu tral  to  g rou n d .  

Th i s  protecti on  sch em e i s  sen si ti ve  to  ph ase  u n bal an ces  i n  th e  n etwork an d  d epen d s  u pon  
th e  system  bei n g  effecti vel y g rou n d ed .  Th e  setti n g s  sh ou l d  a l l ow for n orm al  vari ati on s  an d  
th e  sen si ti vi ty of th e  protecti on  m ay th erefore  be  i m pai red .  H arm on i c cu rren ts  (3rd  h arm on i c 
i n  parti cu l ar)  wi l l  pass  th rou g h  th e  cu rren t tran sform er;  a  fi l ter m ay som eti m es  be  n ecessary 
to  avoi d  d i stu rban ces.  

6.2.2  Neutral  vol tage  (Figure  4)  

Th e  capaci tors  are  star-con n ected  (u n g rou n d ed )  wi th  a  vol tag e  tran sform er between  n eu tral  
an d  g rou n d .  A vol tag e  d i fferen ce  between  n eu tral  an d  g rou n d  wi l l  be  m easu red  at u n bal an ce.  

Th e  sen si ti vi ty i s  re l ati vel y poor d u e  to  i n fl u en ce  by ph ase  u n bal an ces  an d  th e  sch em e 
d epen d s  u pon  th e  system  bei n g  effecti vel y g rou n d ed .  Th e  setti n g s  sh ou l d  a l l ow for n orm al  
vari ati on s  an d  th e  sen si ti vi ty of th e  protecti on  m ay th erefore  be  i m pai red .  Th e  m eth od  i s  m ost 
su i tabl e  i n  com bi n ati on  wi th  extern al  fu ses.  

Vol tag e  tran sform ers  u sed  i n  th i s  appl i cati on  sh ou l d  be  rated  for fu l l  system  vol tag e.  Th e  
n eu tral  vol tag e  wi l l  ri se  s i g n i fi can tl y d u ri n g  swi tch i n g  an d  th e  tran sform er m ay be  satu rated  i f 
n ot correctl y rated .  Resi sti ve  d i vi d ers  an d  stati c rel ays  m ay be  u sed  i n stead  of vol tag e  
tran sform ers  to  overcom e th e  probl em s  wi th  satu rati on ,  tran si en t overvol tag es  on  swi tch i n g  
an d  th e  h i g h  cost of a  vol tag e  tran sform er rated  for fu l l  system  vol tag e.  
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6.2.3  Current unbalance  between  neutrals  (Figure  5)  

Th e  capaci tors  are  arran g ed  i n  two  paral l e l  stars  (u n g rou n d ed )  wi th  a  cu rren t tran sform er 
between  th e  n eu tral s.  Th e  stars  d o  n ot h ave  to  be  eq u al  i n  s i ze.  An  u n bal an ce  i n  th e  ban k 
wi l l  cau se  cu rren t to  fl ow i n  th e  n eu tral .  

Th i s  protecti on  i s  n ot affected  by u n bal an ce  i n  th e  n etwork an d  i t  i s  n ot parti cu l arl y sen si ti ve  
to  h arm on i cs.  Th e  sch em e m ay be  u sed  for both  i n tern al  an d  extern al  fu ses.  As  th e  
sen si ti vi ty perform an ce  i s  g ood  th e  m eth od  i s  especi a l l y u sefu l  for i n tern al  fu ses.  Th e  cu rren t 
tran sform er sh ou l d  be  rated  for fu l l  system  vol tag e.  

6.2.4  Phase  vol tage  unbalance  (Figure  6)  

Th e  capaci tors  are  star-con n ected  (u n g rou n d ed )  an d  th ree  l i n e-to-n eu tral  vol tag e  
tran sform ers  are  u sed  wi th  th ei r secon d ari es  con n ected  i n  open  d el ta.  An  u n bal an ce  i n  th e  
ban k wi l l  cau se  a  n eu tral  sh i ft  vol tag e  an d  th u s  an  ou tpu t s i g n al  from  th e  open  d el ta.  Th ese  
vol tag e  tran sform ers  sh ou l d  h ave  i n su l ati on  rated  for pri m ary to  g rou n d  an d  pri m ary to  
secon d ary vol tag es.  

D u e  to  th ree-ph ase  su m m ati on  th e  ou tpu t m ag n i tu d e  i s  h i g h er th an  wou l d  be  th e  case  wi th  
th e  n eu tral  to  g rou n d  m easu rem en t (F i g u re  4) .  Th e  sen si ti vi ty perform an ce  i s  th erefore  
i m proved .  Th e  i n fl u en ce  by ph ase  u n bal an ces  i s  sti l l  a  con cern .  

6.2.5  Vol tage  d i fference  (Figure  7)  

Th e  capaci tors  are  con n ected  u n g rou n d ed  or g rou n d ed  star.  Th e  vol tag e  sh i ft  of each  ph ase  
m i d poi n t (or cl ose  to  m i d poi n t)  i s  m easu red  re l ati ve  to  i ts  l i n e-to-n eu tral  vol tag e  by m ean s  of 
vol tag e  tran sform ers.  S i g n al s  wi l l  be  obtai n ed  separatel y from  each  ph ase  wh ere  capaci tor 
fa i l u res  occu r.  

Th i s  m eth od  i s  su i tabl e  for l arg e  capaci tor ban ks  s i n ce  th e  tota l  ban k wi l l  be  d i vi d ed  i n to  
th ree  separate  protecti on  zon es.  Th i s  m ay be  of i m portan ce   for overal l  sen si ti vi ty.  Th e  
m eth od  i s  n ot i n fl u en ced  by ph ase  vol tag e  u n bal an ce.  

For very l arg e  capaci tor ban ks  a  d ou bl e  star-con n ecti on  m ay be  u sed  wh ere  com pari son s  are  
m ad e  between  th e  m i d poi n ts  of th e  two  bran ch es  of each  ph ase.  

6.2.6  Current unbalance  in  bridge  connection  (Figure  8)  

Th e  capaci tors  i n  each  ph ase  are  arran g ed  i n  two  bran ch es  wi th  a  cu rren t tran sform er 
con n ected  between  m i d poi n ts  or cl ose  to  m i d poi n ts  of th e  two  bran ch es.  Fai l u res  an ywh ere  
i n  th e  bran ch es  wi l l  cau se  an  u n bal an ce  cu rren t to  fl ow th rou g h  th e  cu rren t tran sform er.  

Th i s  m eth od  i s  su i tabl e  for l arg e  capaci tor ban ks  s i n ce  th e  tota l  ban k wi l l  be  d i vi d ed  i n to  
th ree  separate  protecti on  zon es.  Th e  m eth od  i s  n ot i n fl u en ced  by ph ase  vol tag e  u n bal an ces.  
I t  m ay be  u sed  i n  d el ta-  or star-con n ected  ban ks  wi th  th e  n eu tral  g rou n d ed  or u n g rou n d ed .  

6.3  Current and  vol tage  transformers  

6.3. 1  Current transformers  

Rated  cu rren t i s  based  on  th e  cal cu l ated  u n bal an ce  at  d i fferen t fa i l u re  m od es.  H arm on i c 
cu rren t sh ou l d  be  con si d ered  i n  d eterm i n i n g  th e  rati n g .  For i n tern al l y fu sed  capaci tors  th e  
cu rren t m ay be  very l ow an d  cu rren t tran sform ers  sh ou l d  be  ch osen  accord i n g l y.  

For u n g rou n d ed  ban ks  th e  rated  vol tag e  sh ou l d  correspon d  to  th e  system  vol tag e.  Lower 
rati n g s  m ay be  u sed  i f th e  ban ks  are  g rou n d ed .  
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Th e  cu rren t tran sform er sh ou l d  be  capabl e  of wi th stan d i n g  cu rren ts  d u ri n g  abn orm al  
con d i ti on s  su ch  as  sh ort ci rcu i ts.  Su ch  fai l u res  m ay l ead  to  a  h i g h  peak tran si en t an d  h i g h  
power freq u en cy cu rren ts  d u ri n g  th e  d el ay of th e  overcu rren t protecti on .  Swi tch i n g  cu rren t 
tran si en t sh ou l d  a l so  be  taken  i n to  accou n t.  Th e  cu rren t tran sform er m ay be  protected  at  i ts  
pri m ary by m ean s  of spark g aps  or su rg e  arresters.  

Th e  accu racy req u i rem en t i s  g en eral l y q u i te  l ow.  Cl ass  1 0  P  wou l d  n orm al l y be  su ffi ci en t 
provi d i n g  th e  m easu ri n g  error of th e  cu rren t tran sform er at  th e  protecti on  setti n g  cu rren t i s  
l ess  th an  5  %  (see  I EC  60044-1 ).  Sh ou l d  th e  m axi m u m  u n bal an ce  be  m u ch  l ower th an  th e  
rated  cu rren t of th e  cu rren t tran sform er,  a  better accu racy cl ass  i s  req u i red .  

6.3.2  Vol tage  transformers  

Th e  rated  pri m ary vol tag e  of th e  vol tag e  tran sform er sh ou l d  correspon d  to  th e  cal cu l ated  
m axi m u m  u n bal an ce.  

For u n g rou n d ed  ban ks  th e  i n su l ati on  cl ass  a l so  appl i es  to  th e  vol tag e  tran sform er.  For 
g rou n d ed  ban ks,  vol tag e  tran sform ers  wi th  red u ced  i n su l ati on  m ay be  u sed .  

Wh en  th e  pri m ary wi n d i n g  form s  a  d i sch arg e  path  for th e  capaci tor,  th e  capabi l i ty to  
wi th stan d  th e  d i sch arg e  en erg y an d  peak cu rren t at d i scon n ecti on  from  th e  l i n e  h as  to  be  
con si d ered .  

Stan d ard  vol tag e  tran sform ers  of accu racy cl ass  0 , 5  are  n orm al l y u sed  (see  I E C  60044-2 ).  
For con n ecti on  sch em es  accord i n g  to  F i g u res  6  an d  7 ,  speci a l  atten ti on  sh ou l d  be  pai d  to  
m atch i n g  th e  vol tag e  tran sform ers  i n  d i fferen t ph ases.  

6.4 Relays  and  protection  settings  

To avoi d  fa l se  operati on s  d u e  to  swi tch i n g  or oth er tran si en ts,  th e  u n bal an ce  rel ay sh ou l d  
h ave  a  certa i n  ti m e  d el ay.  Typi cal  d e l ay-setti n g s  are  abou t 0 , 1  s  to  1  s ;  for extern al  fu ses,  th e  
coord i n ati on  wi th  fu ses  i s  of speci al  i m portan ce.  Th e  rel ayi n g  sh ou l d  a l so  i n corporate  
featu res  for b l ocki n g  of au tom ati c recl osu re  i f su ch  a  system  i s  u sed .  

Rel ays  u sed  for u n bal an ce  protecti on  sh ou l d  n orm al l y h ave  red u ced  sen si ti vi ty for 
freq u en ci es  oth er th an  th e  fu n d am en tal  to  preven t u n d esi red  operati on  an d  to  s i m pl i fy 
cal cu l ati on  of th e  re l ay setti n g .  

Wh en  d efi n i n g  setti n g s  for th e  u n bal an ce  rel ay,  on e  h as  to  con si d er th e  overvol tag e  l i m i t  
(1 0  % )  for ad j acen t capaci tors,  i . e .  a l arm  for overvol tag es  l ess  th an  1 0  % ,  tri p  wh en  i n  excess  
of 1 0  % .  For i n tern al l y fu sed  capaci tors  th ere  m ay be  d i fferen t restri cti on s  on  vol tag e  ri se  
across  paral l e l  n on -fai l ed  i n tern al  e l em en ts.  

D epen d i n g  on  ban k s i ze,  on e  or m ore  fu ses  m ay be  a l l owed  to  operate  before  an  a l arm  i s  
i n i ti ated .  Th e  protecti ve  re l ayi n g  sh ou l d  tri p  th e  ban k on ce  th e  overvol tag e  l i m i t  i s  exceed ed .  

6.5  Sensi tivi ty 

Th e  sen si ti vi ty of th e  protecti on  d epen d s  u pon  th e  s i ze  of th e  capaci tor ban k or th at part of 
th e  ban k wh i ch  i s  i n corporated  i n  on e  parti cu l ar protecti on  zon e.  For l arg e  ban ks  a  m eth od  
th at a l l ows  on e  separate  re l ay ( i n  rare  cases  even  m ore)  per ph ase  i s  n ecessary.  

Wh en  d efi n i n g  th e  n u m ber of re l ays  based  on  sen si ti vi ty req u i rem en ts,  th e  i n fl u en ce  of 
factors  su ch  as  tem peratu re  d i fferen ces  wi th i n  th e  ban k sh ou l d  be  con si d ered .  

Sen si ti vi ty an al ysi s,  i . e .  th e  rel ati on  between  n u m ber of fa i l ed  e l em en ts,  fu ses  an d  cu rren t or 
vol tag e  ou tpu ts,  i s  u su al l y m ad e  by th e  capaci tor m an u factu rer.  H i g h er sen si ti vi ty i s  g en eral l y 
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n eed ed  wi th  i n tern al l y fu sed  th an  wi th  extern al l y fu sed  capaci tors.  Speci al  com pu ter 
prog ram s  are  often  avai l abl e  for sen si ti vi ty an al ysi s.  

6.6  In i tial  unbalance  

D u e  to  n orm al  capaci tan ce  vari ati on  between  capaci tors,  an  i n i ti a l  u n bal an ce  m ay exi st i n  a  
ban k.  Th i s  u n bal an ce  sh ou l d  be  l i m i ted  to  a  m ag n i tu d e  th at a l l ows  for a  cl ear d efi n i ti on  of th e  
cri teri a  for rel ay operati on  an d  sh ou l d  n orm al l y n ot exceed  1 0  %  of th e  rel ay setti n g .  

As  an  a l tern ati ve  to  i n i ti a l  ba l an ci n g  of capaci tors,  th e  u n bal an ce  m ay be  com pen sated  by 
m ean s  of su i tabl e  rel ays.  

7  Overload  current 

7.1  Operation  

Excessi ve  capaci tor cu rren ts  m ay be  obtai n ed  i n  con n ecti on  wi th  system  vol tag e  
d i stu rban ces,  h arm on i cs  an d  sh ort-ci rcu i t  fa i l u res.  To  protect th e  capaci tors,  cu rren t 
tran sform ers  wi th  associ ated  re l ays  are  u sed  to  d etect cu rren t overl oad s  an d  provi d e  tri ppi n g  
operati on  of th e  ban k.  

As  protecti on  for sh ort-ci rcu i t  cu rren ts  d u e  to  l i n e-to-l i n e  an d  l i n e-to-g rou n d  fau l ts  i n  
m od eratel y s i zed  ban ks,  power fu ses  m ay a l so  be  u sed .  

7.2  Protective  arrangement 

For effecti vel y g rou n d ed  ban ks,  th e  protecti on  i s  n orm al l y arran g ed  wi th  a  cu rren t tran sform er 
an d  i ts  re l ay i n  each  ph ase  (F i g u re  9).  I f th e  ban k i s  u n g rou n d ed ,  protecti on  i n  two  of th e  
th ree  ph ases  i s  su ffi ci en t (F i g u re  1 0) .  

For sm al l er ban ks  ( typi cal l y l ess  th an  1 0  M var)  wi th ou t swi tch ed  paral l e l  secti on s,  wh ere  th e  
i n ru sh  tran si en ts  are  of sh ort  d u rati on ,  a  com m on  rel ay for overl oad  protecti on  an d  sh ort-
ci rcu i t  protecti on  m ay be  u sed .  Th e  setti n g  wi l l  be  an  i m m ed i ate  tri p  at  a  re l ati vel y l ow cu rren t 
m ag n i tu d e.  

Th e  cu rren t tran si en ts  obtai n ed  wi th  l arg er s i n g l e  ban ks,  or wh en  paral l e l  ban ks  are  swi tch ed ,  
l ead  to  separate  overl oad  an d  sh ort-ci rcu i t  protecti on  bei n g  req u i red .  Th e  cu rren t setti n g s  are  
con si d erabl y h i g h er for th e  sh ort-ci rcu i t  protecti on  to  avoi d  fa l se  operati on s  at swi tch i n g .  

I n  th e  case  of separate  sh ort-ci rcu i t  protecti on ,  an d  i f th e  ban k i s  u n g rou n d ed ,  th e  cu rren t for 
l i n e-to- l i n e  fau l ts  m ay n ot be  su ffi ci en t to  obtai n  i n stan tan eou s  protecti on  of th e  ban k.   
H owever,  th e  u n bal an ce  protecti on  wi l l  a l ways  d etect th i s  ki n d  of fa i l u re  wi th i n  a  reason abl e  
ti m e  d el ay.  

7.3  Current transformers  

Cu rren t tran sform ers  for overl oad  protecti on  sh ou l d  h ave  a  rated  pri m ary of at l east 1 , 4  ti m es  
rated  cu rren t of th e  ban k.  Stan d ard  accu racy cl asses  5  P  an d  1 0  P  wou l d  n orm al l y be  
su ffi ci en t for th i s  appl i cati on  (see  I E C  60044-1 ) .  

I f a  com m on  cu rren t tran sform er i s  u sed  for both  m eteri n g  an d  protecti on  pu rposes,  i t  wi l l  
h ave  two  secon d ary wi n d i n g s,  on e  for m easu ri n g  d evi ces  an d  th e  oth er for re l ays.  

7.4 Relays  

Th e  accu racy of th e  re l ays  u sed  for overl oad  protecti on  sh ou l d  be  val i d  wi th i n  th e  freq u en cy 
ran g e  50  H z to  1  000  H z.  Th e  resetti n g  rati o  sh ou l d  be  at l east 95  % ;  th i s  rati o  d efi n es  th e  

Copyright International  Electrotechnical  Commission  



 –  1 6  – I EC  TS  60871 -3: 201 5  © I EC  201 5  

 

l oad  l evel  bel ow th e  protecti on  setti n g  at wh i ch  th e  re l ay i s  reset  i f th e  l oad  d ecreases  d u ri n g  
th e  d el ayed  fu n cti on i n g  ti m e.  

7.5  Protective  settings  

For sm al l  ban ks  (typi cal l y l ess  th an  1 0  M var)  wi th  com m on  overl oad  an d  sh ort-ci rcu i t  
protecti on ,  th e  rel ay setti n g s  are  n orm al l y i n  th e  ran g e  of 1 , 3  an d  1 , 4  ti m es  rated  cu rren t.   
Th e  operati on  d el ay i s  set for a  few cycl es  (m axi m u m  of 1 0  cycl es).  

For ban ks  wi th  separate  overl oad  an d  sh ort-ci rcu i t  protecti on ,  th e  overl oad  protecti on  i s  
n orm al l y set i n  th e  ran g e  of 1 , 3  an d  1 , 4  ti m es  rated  cu rren t.  Th e  operati on  d el ay i s  set l on g  
en ou g h  to  avoi d  fa l se  tri ps  d u ri n g  swi tch i n g .  Th e  sh ort-ci rcu i t  protecti on  i s  set above  3  IN  an d  
a  few cycl es  d el ay.  Th ese  setti n g s  h ave  to  be  ch osen  wi th  speci a l  atten ti on  to  th e  i n ru sh  
cu rren ts.  

8  Over and  undervol tage  

8.1  Operation  

For m od ern  power capaci tors,  vol tag e  wi th stan d  i s  often  th e  d eci s i ve  factor rath er th an  
th erm al  l i m i tati on .  I t  m ay th erefore  be  n ecessary to  u se  overvol tag e  protecti on  to  com pl em en t 
th e  con ven ti on al  overl oad  protecti on  based  on  cu rren t m easu rem en t.  

Overvol tag e  protecti on  m ay be  arran g ed  by m ean s  of peak val u e  sen si ti ve  vol tag e  rel ays  wi th  
i n verse  vol tag e-ti m e  ch aracteri sti cs.  Cu rren t re l ays  wi th  i n teg rati n g  fu n cti on s  to  obtai n  th e  
i n stan tan eou s  peak vol tag e  m ay a l so  be  u sed .  

Th e  vol tag e  protecti on  re l ay i s  a l so  u sed  to  accom pl i sh  u n d ervol tag e  protecti on  an d  
i n terl ocki n g  fu n cti on s  at recl osi n g .  

Typi cal l y th e  vol tag e  sou rce  for th i s  protecti on  system  i s  d eri ved  from  vol tag e  tran sform ers  
con n ected  on  th e  bu s  s i d e  of th e  capaci tor swi tch .  I t  sh ou l d  n ot be  d eri ved  from  vol tag e  
tran sform ers  con n ected  l i n e-to-earth  on  th e  capaci tor s i d e  of th e  swi tch .  

8.2  Overvol tage  protection  

Protecti on  ag ai n st overvol tag e  sh ou l d  take  i n to  accou n t l evel s  accord i n g  to  I EC  60871 -1  an d  
th e  parti cu l ar appl i cati on .  

I f th e  h arm on i c con ten t i s  h i g h ,  a  speci a l  re l ay th at m easu res  th e  peak vol tag e  sh ou l d  be  
u sed .  To  avoi d  u n d esi red  re l ay operati on s,  th e  resetti n g  rati o  sh ou l d  be  as  h i g h  as  possi b l e.  

8.3  Undervol tage  protection  

I f th e  vol tag e  i s  zero  or abn orm al l y l ow (e. g .  0 , 8  UN ) ,  th e  ci rcu i t-breaker of th e  capaci tor ban k 
sh ou l d  be  open ed  an d  i n terl ocked  u n ti l  th e  vol tag e  retu rn s  to  n orm al  l evel .  Th i s  i s  becau se  
u pon  re-en erg i zati on  th e  m ag n eti zati on  i n ru sh  cu rren t of power tran sform ers  con tai n s  a  l ot of 
h arm on i cs  an d  th e  capaci tor m ay be  i n  reson an ce  wi th  th e  n etwork at  on e  of th ese  
freq u en ci es.  

Th e  ci rcu i t-breakers  of power tran sform ers  an d  capaci tor ban ks  m ay a l so  be  coord i n ated  to  
avoi d  th ese  overvol tag es  an d  su rg e  cu rren ts.  

8.4 Reclosing  

I f a  capaci tor ban k i s  n ot provi d ed  wi th  d i sch arg e  reactors  (m ost u su al  case),  recon n ecti on  of 
th e  ban k after d i scon n ecti on  from  th e  n etwork sh ou l d  be  d el ayed  for th e  peri od  d efi n ed  by th e  
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m an u factu rer,  u su al l y 3  m i n  to  1 0  m i n .  Before  recon n ecti on ,  th e  resi d u al  vol tag e  sh ou l d  be  
l ess  th an  0 , 1  UN .  

9  Other protection  

9.1  Surge  arresters  

9. 1 . 1  General  

Th e  g u i d el i n es  bel ow are  appl i cabl e  m ai n l y to  su rg e  arresters  of m etal  oxi d e  vari stor (M OV)  
types  (see  I EC  60099-4).  

9.1 .2  Operation  

Th e  pu rpose  of th e  su rg e  arresters  i s  to  l i m i t  possi b l e  overvol tag es  to  l evel s  n ot excessi ve  to  
th e  protected  eq u i pm en t.  Th e  M OV arrester h as  a  n on -l i n ear resi stan ce  th at d ecreases  
several  ord ers  of m ag n i tu d e  wh en  th e  vol tag e  reach es  a  certai n  l evel .  Th i s  l i m i ts  th e  
i n stan tan eou s  vol tag e  to  a  d esi red  protecti ve  l evel .  

9.1 .3  Lightn ing  transients  

Su rg e  arresters  are  trad i ti on al l y u sed  i n  power system s  con n ected  ph ase-g rou n d  an d /or 
n eu tral -g rou n d .  Th ei r pu rpose  i s  m ai n l y to  protect ag ai n st l i g h tn i n g  su rg es,  an d  th e  
eval u ati on  of n ecessary arrester perform an ce  i s  based  on  l i g h tn i n g  peak cu rren t an d  system  
ch aracteri sti cs  su ch  as  l i n e  i m ped an ce,  l i n e  i n su l ati on  l evel ,  etc.  S u rg e  arresters  are  n ot 
m ai n l y i n ten d ed  for capaci tor protecti on  as  a  capaci tor ban k i tsel f red u ces  tran si en t vol tag es  
cau sed  by l i g h tn i n g  su rg es.  

9.1 .4  Switch ing  transients  

I f ci rcu i t-breakers  restri ke  or i f m i sfi ri n g  fa i l u res  occu r i n  th yri stor con trol l ed  system s,  
capaci tors  m ay experi en ce  severe  overvol tag es.  I n  th i s  case,  arrester protecti on  wi l l  be  
ben efi ci a l .  

I f th e  ri sk of restri ki n g  at swi tch i n g  i s  to  be  con si d ered ,  a  th orou g h  i n vesti g ati on  of vol tag e  
con d i ti on s  an d  arrester capabi l i ty sh ou l d  be  carri ed  ou t before  sel ecti n g  th e  com pon en ts.  

9.1 .5  Temporary overvol tages  

Capaci tor ban ks  exposed  to  tem porary overvol tag es  of power freq u en cy (an d  h arm on i cs)  
m ay be  protected  by con n ecti on  of arresters  d i rectl y i n  paral l e l  to  each  capaci tor bran ch .  

Tem porary overvol tag es  m ay be  cau sed  by s i n g l e-ph ase  g rou n d  fau l ts  or swi tch i n g  i n  
osci l l ati on s  i n  l ow ord er tu n ed  fi l ters.  Th ey are  ch aracteri zed  by fa i rl y l on g  d u rati on  (n u m ber 
of cycl es).  G en eral l y d etai l ed  eval u ati on  of d yn am i c vol tag es  an d  en erg y l oad i n g  of th e  
arrester com pon en ts  sh ou l d  be  carri ed  ou t i n  th ese  cases.  

Data  on  perm i ssi b l e  tem porary overvol tag es  versu s  ti m e  for M OVs  are  g i ven  by th e  su ppl i ers.  

9.1 .6  Rated  vol tage  

Th e  rated  vol tag e  of an  arrester i s  u sed  as  a  referen ce  param eter to  correl ate  operati n g  an d  
protecti ve  ch aracteri sti cs.  I t  i s  d efi n ed  as  th e  l evel  wh ere  a  certai n  cu rren t fl ows  th rou g h  th e  
arrester;  th i s  con d i ti on  i s  u su al l y perm i tted  for d u rati on s  i n  th e  ord er of m i n u tes  on l y.  

Th e  ch oi ce  of th e  arrester rati n g  i s  a  com prom i se  between  protecti ve  l evel  an d  tem porary 
overvol tag e  capabi l i ty.  B y i n creasi n g  th e  rated  vol tag e  of th e  arrester,  th e  probabi l i ty to  
wi th stan d  overvol tag e  i s  i n creased ,  bu t th e  m arg i n  of protecti on  i s  red u ced .  

Copyright International  Electrotechnical  Commission  



 –  1 8  – I EC  TS  60871 -3: 201 5  © I EC  201 5  

 

N orm al l y th e  con ti n u ou s  operati n g  vol tag e  across  th e  eq u i pm en t sh ou l d  n ot exceed  80  %  of 
th e  rated  vol tag e  for a  M OV arrester.  D u rati on  an d  freq u en cy of th e  overvol tag es  m ay req u i re  
th e  con ti n u ou s  operati n g  vol tag e  to  be  l ess  th an  80  %  of th e  arrester rati n g .  

9.1 .7  Energy absorption  

For proper sel ecti on  of M OV arresters,  th e  m axi m u m  en erg y d evel oped  d u ri n g  a  d i sch arg e  
sh ou l d  be  ch ecked .  For l i g h tn i n g  d u ti es,  th e  eval u ati on  i s  d i rectl y based  on  esti m ates  on  
l i g h tn i n g  ch arg es  an d  arrester vol tag e  ch aracteri sti cs.  

For swi tch i n g  an d  tem porary overvol tag e  con d i ti on s,  a  m ore  d etai l ed  eval u ati on  of arrester 
en erg y d evel opm en t sh ou l d  be  carri ed  ou t.  Th e  en erg y absorpti on  capabi l i ty i s  u su al l y 
speci fi ed  by th e  su ppl i er i n  term s  of ki l o j ou l es  per ki l ovol t  of rati n g .  

9.2  Damping  devices  

9.2 . 1  Capaci tor switch ing  

D am pi n g  d evi ces,  reactors  an d /or resi stors,  con n ected  i n  seri es  wi th  a  capaci tor bran ch ,  are  
som eti m es  u sed  for l i m i ti n g  th e  m ag n i tu d e  of swi tch i n g  tran si en ts.  Th e  tran si en t ph en om en a  
at  en erg i zati on  of a  capaci tor ban k are  ch aracteri zed  by a  very h i g h  i n ru sh  cu rren t th rou g h  
th e  capaci tor an d  a  tran si en t overvol tag e  wi th  a  m ag n i tu d e  u p  to  two  ti m es  rated  vol tag e.  

9.2.2  Inrush  currents  

Th e  i n ru sh  cu rren ts  m ay affect perform an ce  of th e  capaci tor or th e  swi tch i n g  d evi ce.  
Capaci tors  m ay wi th stan d  cu rren t su rg es  u p  to  1 00  ti m es  rated  cu rren t,  bu t th e  ci rcu i t-
breakers  are  often  l i m i ted  to  l ower val u es.  

Th e  reactan ce  of cu rren t- l i m i ti n g  reactors  i s  n orm al l y l ess  th an  1  %  of th e  ban k i m ped an ce.  

Th e  m axi m u m  i n ru sh  peak cu rren t wh en  swi tch i n g  a  ban k to  th e  power su ppl y m ay be  
cal cu l ated  as  sh own  i n  I E C  60871 -1 :  

Î I
S

Qs N
≈

2
 

wh ere  

Îs  i s  th e  peak i n ru sh  ban k cu rren t,  i n  am peres;  

IN  i s  th e  rated  capaci tor ban k cu rren t (r. m . s. ) ,  i n  am peres;  

S  i s  th e  sh ort-ci rcu i t  power (M VA)  at  th e  poi n t  wh ere  th e  capaci tor i s  to  be  con n ected ;  

Q  i s  th e  ou tpu t of th e  ban k,  i n  m eg avars.  

For cal cu l ati n g  peak cu rren t wh en  swi tch i n g  paral l e l  ban ks  th e  fol l owi n g  form u l a  m ay be  
u sed :  
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wh ere  

Îs  i s  th e  peak i n ru sh  ban k cu rren t,  i n  am peres;  

U  i s  th e  ph ase-to-earth  vol tag e,  i n  vol ts  (r. m . s. ) ;  

Xc  i s  th e  seri es-con n ected  capaci ti ve  reactan ce  per ph ase,  i n  oh m s;  

XL  i s  th e  i n d u cti ve  reactan ce  per ph ase  between  th e  ban ks,  i n  oh m s;  
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Q1  i s  th e  ou tpu t of th e  ban k to  be  swi tch ed  i n ,  i n  m eg avars;  

Q2  i s  th e  su m  of th e  ou tpu t(s)  of th e  ban k(s)  a l read y en erg i zed ,  i n  m eg avars.  

9.2.3  Vol tage  transients  

Ad eq u atel y sel ected  seri es  reactors  m ay red u ce  th e  m ag n i tu d e  of tran si en t overvol tag es  to  
acceptabl e  l evel s.  Oth er m ean s  for d am pi n g  of tran si en ts  are  a  com bi n ati on  of resi stors  an d  
reactors  or d am pi n g  resi stors  on l y.  

9.2.4  Ratings  

Besi d es  th e  d esi red  i n d u ctan ce  val u e,  th e  con ti n u ou s  cu rren t l oad  (r. m . s. )  as  wel l  as  
m axi m u m  tran si en t peak cu rren t sh ou l d  be  speci fi ed  for th e  d am pi n g  reactor.  

For con ti n u ou s  rati n g  th e  m axi m u m  perm i ssi bl e  cu rren t for th e  capaci tor sh ou l d  be  taken  i n to  
accou n t.  Accord i n g  to  I E C  60871 -1  th i s  m axi m u m  i s  1 , 3  to  1 , 5  ti m es  th e  rated  capaci tor 
cu rren t.  

9.3  Synchronized  switch ing  

9.3. 1  Operation  

N orm al  swi tch i n g  of a  capaci tor ban k m ay cau se  severe  tran si en ts.  En erg i zi n g  a  d i sch arg ed  
capaci tor i s  s i m i l ar to  a  m om en tary sh ort ci rcu i t  an d  i t  resu l ts  i n  vol tag e  an d  cu rren t 
tran si en ts  th at m ay cau se  probl em s.  Con trol l i n g  th e  ci rcu i t  breaker to  en erg i ze  a  capaci ti ve  
l oad  at zero  vol tag e  across  th e  con tacts  wi l l  e l i m i n ate  h arm fu l  tran si en ts.  

Red u cti on  of swi tch i n g  tran si en ts  wi l l  red u ce  stresses  i n  th e  system  an d  i ts  com pon en ts.  I n  
ad d i ti on ,  th e  ci rcu i t  breaker i tsel f wi l l  experi en ce  l ess  en erg i zati on  cu rren ts,  wh i ch  wi l l  exten t 
i ts  servi ce  l i fe.  For capaci tor ban ks  th e  n u m ber of l oad  swi tch i n g  operati on s  can  th erefore  be  
s i g n i fi can tl y i n creased  before  sch ed u l ed  overh au l  i s  req u i red .  

9.3.2  Breaker contacts  delay 

Th e  m ag n i tu d e  of th e  tran si en ts  d epen d s  on  th e  poi n t-on -wave  wh ere  cl osi n g  (or open i n g )  of 
th e  ci rcu i t  breaker con tacts  occu r.  Th e  com m an d s  to  th e  ci rcu i t  breaker are  d el ayed  i n  su ch  a  
way th at m aki n g  or con tact separati on  wi l l  occu r at th e  opti m u m  ti m e  i n stan t re l ated  to  th e  
ph ase  an g l e.  Th e  ti m e  d i fferen ces  between  ph ases  d epen d  on  th e  appl i cati on .  For capaci tor 
ban ks  wi th  g rou n d ed  n eu tral ,  th e  th ree  pol es  sh ou l d  cl ose  i n  su ccessi on  wi th  a  ti m e  
separati on  of 1 /6  cycl e.  Wi th  u n g rou n d ed  n eu tral ,  two  pol es  sh ou l d  cl ose  s i m u l tan eou sl y at 
ph ase  – ph ase  vol tag e  zero,  an d  th e  l ast on e  1 /4  cycl e  l ater.  

1 0  Safety 

1 0. 1  Discharg ing  devices  

1 0. 1 . 1  General  

Each  capaci tor ban k sh ou l d  be  provi d ed  wi th  m ean s  for d i sch arg i n g  th e  ban k after 
d i scon n ecti on  from  th e  n etwork.  

Th e  speci fi ed  d i sch arg i n g  ti m es  m ay be  m et by appl yi n g  e i th er i n tern al  ( i n corporated )  
d i sch arg e  resi stors  per capaci tor or,  extern al  d i sch arg e  d evi ces  rated  for th e  en ti re  capaci tor 
eq u i pm en t.  

Before  tou ch i n g  an y l i ve  parts,  a l l ow at l east 1 0  m i n  for th e  ban k to  sel f-d i sch arg e  an d  th en  
sh ort-ci rcu i t  each  capaci tor term i n al  tog eth er an d  to  g rou n d .  
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1 0. 1 .2  In ternal  resistors  

I n tern al  resi stors  are  g en eral l y bu i l t  i n to  th e  i n d i vi d u al  capaci tors.  Th ey are  d esi g n ed  to  
i n su re  th e  d i sch arg e  of each  capaci tor,  an d  th erefore  th e  wh ol e  ban k.  I n  a  ban k wi th  several  
secti on s  of capaci tors  i n  seri es,  th e  resi d u al  vol tag e  on  th e  ban k term i n al  i s  eq u al  to  th e  su m  
of th e  resi d u al  vol tag e  i n  each  secti on .  

1 0. 1 .3  External  d ischarge  devices   

Extern al  d i sch arg e  d evi ces  are  u sed  i n  speci a l  cases.  Each  d evi ce  sh ou l d  be  ad apted  to  th e  
con d i ti on s  exi sti n g  at th e  s i te  of erecti on  of th e  eq u i pm en t an d  h ave  su i tabl e  stri ke  d i stan ce,  
creepag e  path  an d  i n su l ati on  l evel .  I f th e  capaci tors  h ave  n o  i n tern al  d i sch arg e  resi stors,  
th ere  sh ou l d  be  n o  i sol ati n g  d evi ce  between  th e  capaci tor ban k an d  th e  d i sch arg e  d evi ce.  

D i sch arg e  reactors  m ay be  u sed ,  con n ected  d i rectl y i n  paral l e l  wi th  th e  capaci tor ban ks.  
U su al l y two  reactors  are  con n ected  l i n e-to-l i n e  across  two  ph ases  becau se  of econ om i cal  
reason s.  U n d er operati on  con d i ti on s,  on l y th e  m ag n eti zi n g  cu rren t fl ows  i n  th e  reactor.  Wh en  
swi tch i n g  off th e  capaci tor eq u i pm en t,  a l l  th e  stored  en erg y ci rcu l ates  th rou g h  th e  coi l  i n  a  
few secon d s.  M ost of th e  en erg y i s  d i ssi pated  i n  th e  reactor.  Th e  n u m ber of d i sch arg es  per 
u n i t  of ti m e  sh ou l d  be  restri cted  so  th at n o  overh eati n g  of th e  d i sch arg e  reactor occu rs.  

Wi n d i n g s  of tran sform ers  or m otors  are  con si d ered  as  su i tabl e  d i sch arg e  i m ped an ces  as  wel l  
as  th e  pri m ary of vol tag e  tran sform ers.  

1 0. 1 .4  Discharging  after d isconnection  

D i scon n ected  capaci tor eq u i pm en ts  sh ou l d  com pl etel y sel f-d i sch arg e,  n o  m atter wh ere  th e  
d i sch arg e  d evi ce  i s  l ocated ,  be  i t  d i rectl y at each  capaci tor or at th e  con n ecti n g  term i n al s  of 
th e  eq u i pm en t.  

H owever,  capaci tor eq u i pm en t com pri s i n g  seri es  con n ecti on s  an d  star con n ecti on s,  wh i ch  
h ave  u n d erg on e  pu n ctu ri n g  of e l em en ts  or i n tern al  or extern al  arci n g ,  m ay n ot be  d i sch arg ed  
com pl etel y th rou g h  d i sch arg e  d evi ces  con n ected  to  th e  term i n al s  of th e  capaci tor eq u i pm en t.  
Al th ou g h  th ere  i s  n o  vol tag e  m easu rabl e  at th e  eq u i pm en t term i n al s,  d an g erou s  am ou n ts  of 
stored  en erg y,  wi th  opposi n g  ch arg es,  m ay exi st  i n  th e  capaci tor eq u i pm en t.  Th ese  so-cal l ed  
" trapped  ch arg es"  m ay persi st  over a  peri od  of several  m on th s  an d  can  on l y be  d i sch arg ed  by 
i n d i vi d u al l y d i sch arg i n g  each  secti on  of th e  ban k.  

Al l  th e  above-d escri bed  ri sks  are  n orm al l y avoi d ed  by u si n g  capaci tors  wi th  i n tern al  
d i sch arg e  resi stors.  H owever,  th ere  i s  a  ri sk th at a  resi stor m ay be  d estroyed  d u ri n g  a  
capaci tor fa i l u re  l eavi n g  a  ch arg e  on  th e  capaci tor.  

I t  i s  i m portan t to  n ote  th at a  d i sch arg i n g  d evi ce  i s  n ot a  su bsti tu te  for sh ort-ci rcu i ti n g  th e  
capaci tor term i n al s  tog eth er an d  to  g rou n d  before  an d  d u ri n g  h an d l i n g .  

1 0.2  Dead  metal l ic  parts  

Th e  vol tag e  of every m etal l i c  part  of th e  ban k (fram e  an d /or capaci tor con tai n er)  sh ou l d  be  
fi xed .  Th e  vol tag e  con ti n u i ty i s  obtai n ed  by con n ecti n g  th e  con tai n ers  an d  fram e  wi th  
con d u cti n g  wi re  of ad eq u ate  s i ze.  
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Figure  2  – Typical  case  rupture  curves  for approximately  
30  000  cm³ case  volume 

N O TE  Th e  i n form ati on  con ta i n ed  i n  F i g u re  2  i s  co pyri g h ted  i n form ati on  of th e  I E E E  e xtracted  fro m  stan d ard  
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Figure  3  – Star connection  wi th  the  neutral   
g rounded  through  a  current transformer 

Figure  4  – Star connection  wi th  
vol tage  transformer between  neutral  

and  ground  
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Figure  5  – Star connection  wi th  ungrounded  
neutral  and  vol tage  transformers  connected   

in  an  open  del ta   

F igure  6  – Double-star connection   
wi th  ungrounded  neutral  

 

 

Figure  7  – Star connection  wi th  grounded  neutral  
and  vol tage  transformers  connected  in  

d i fferential  measurement 

F igure  8  – Bridge  connection  

 

 

Figure  9  – Line  overcurrent relays  for capaci tor bank,  grounded  
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Figure  1 0  – Line  overcurrent relays  for capaci tor bank,  ungrounded  

Table  1  – Mel ting  currents  for type-K (fast)  fuse  l inks,  in  amperes  

Rated  

continuous  

current  

300  s  or 600  s  

mel ting  current 1 )  
1 0  s  mel ti ng  

current  
0 , 1  s  mel ting  

current 
Speed  
ratio  

 M in imal  Maximal  M in imal  Maximal  M in imal  Maximal   

   P referred  rati n g s     

6  1 2 , 0  1 4 , 4  1 3 , 5  2 0 , 5  7 2  8 6  6 , 0  

1 0  1 9 , 5  2 3 , 4  2 2 , 5  3 4  1 2 8  1 5 4  6 , 6  

1 5  3 1 , 0  3 7 , 2  3 7 , 0  55  2 1 5  2 5 8  6 , 9  

2 5  5 0  6 0  6 0  9 0  3 50  4 2 0  7 , 0  

4 0  8 0  9 6  9 8  1 4 8  5 6 5  6 8 0  7 , 1  

6 5  1 2 8  1 53  1 59  2 3 7  9 1 8  1  1 0 0  7 , 2  

1 0 0  2 0 0  2 4 0  2 58  3 8 8  1  5 2 0  1  8 2 0  7 , 6  

1 4 0  3 1 0  3 7 2  4 3 0  6 50  2  4 7 0  2  9 7 0  8 , 0  

2 0 0  4 8 0  5 7 6  7 6 0  1  1 5 0  3  8 8 0  4  6 50  8 , 1  

   I n term ed i a te  rati n g s     

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

1 2  2 5  3 0  2 9 , 5  4 4  1 6 6  1 9 9  6 , 6  

2 0  3 9  4 7  4 8 , 0  7 1  2 7 3  3 2 8  7 , 0  

3 0  6 3  7 6  7 7 , 5  1 1 5  4 4 7  54 6  7 , 1  

5 0  1 0 1  1 2 1  1 2 6  1 8 8  7 1 9  8 6 2  7 , 1  

8 0  1 6 0  1 9 2  2 0 5  3 0 7  1  1 8 0  1  4 2 0  7 , 4  

   Ra ti n g s  be l ow  6  A    

1  2  2 , 4  
2 )  1 0  

2 )  
58  – 

2  4  4 , 8  
2 )  

1 0  
2 )  

58  – 

3  6  7 , 2  
2 )  

1 0  
2 )  

58  – 

N O TE  I n fo rm a ti on  i n  Tabl e  1  i s  from  Tab l e  6  i n  American  National Standard  C 3 7 . 4 2  – 1 98 9  (s ee  b i b l i og ra ph y)  
a n d  i s  re pro d u ced  wi th  th e  p erm i ss i on  of th e  AN S I .  

1 )  3 0 0  s  fo r fu s e  l i n ks  ra ted  1 0 0  A a n d  l e ss ;  6 0 0  s  for fu s e  l i n ks  rated  1 4 0  A an d  2 0 0  A.  

2 )  N o  m i n i m u m  va l u e  i s  i n d i cated ,  s i n ce  th e  req u i rem e n t i s  th at  1  A,  2  A,  3  A rati n g s  s h a l l  coord i n ate  wi th  th e  6  
A rati n g  bu t  n ot  n eces s ari l y wi th  each  oth er.  
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Table  2  – Mel ting  currents  for type-T (s low)  fuse  l inks,  in  amperes  

Rated  

continuous  

current  

300  s  or 600  s  

mel ting  current 1 )  
1 0  s  mel ti ng  

current  
0 , 1  s  mel ting  

current  
Speed  
ratio  

 M in imal  Maximal  M in imal  Maximal  M in imal  Maximal   

   P refe rred  ra ti n g s     

6  1 2 , 0  1 4 , 4  1 5 , 3  2 3 , 0  1 2 0  1 4 4  1 0 , 0  

1 0  1 9 , 5  2 3 , 4  2 6 , 5  4 0 , 0  2 2 4  2 6 9  1 1 , 5  

1 5  3 1 , 0  3 7 , 2  4 4 , 5  6 7 , 0  3 8 8  4 6 6  1 2 , 5  

2 5  50  6 0  7 3 , 5  1 0 9  6 3 5  7 6 2  1 2 , 7  

4 0  8 0  9 6  1 2 0  1 7 8  1  0 4 0  1  2 4 0  1 3 , 0  

6 5  1 2 8  1 5 3  1 9 5  2 9 1  1  6 5 0  1  9 7 5  1 2 , 9  

1 0 0  2 0 0  2 4 0  3 1 9  4 7 5  2  6 2 0  3  1 5 0  1 3 , 1  

1 4 0  3 1 0  3 7 2  5 2 0  7 7 5  4  0 0 0  4  8 0 0  1 2 , 9  

2 0 0  4 8 0  57 6  8 50  1  2 7 5  6  2 50  7  4 7 0  1 3 , 0  

   I n term ed i ate  rati n g s     

8  1 5 , 0  1 8 , 0  2 0 , 5  3 1 , 0  1 6 6  1 9 9  1 1 , 1  

1 2  2 5 , 0  3 0 , 0  3 4 , 5  5 2 , 0  2 9 6  3 55  1 1 , 8  

2 0  3 9 , 0  4 7 , 0  57 , 0  8 5, 0  4 9 6  59 5  1 2 , 7  

< 3 0  6 3 , 0  7 6  9 3 , 0  1 3 8  8 1 2  9 7 5  1 2 , 9  

50  1 0 1  1 2 1  1 5 2  2 2 6  1  3 1 0  1  57 0  1 3 , 0  

8 0  1 6 0  1 9 2  2 4 8  3 7 0  2  0 8 0  2  50 0  1 3 , 0  

   Ra ti n g s  be l ow 6  A    

1  2  2 , 4  
2 )  1 1  

2 )  
1 0 0  –  

2  4  4 , 8  
2 )  

1 1  
2 )  

1 0 0  –  

3  6  7 , 2  
2 )  

1 1  
2 )  

1 0 0  –  

N O TE  n form ati on  i n  th i s  tab l e  i s  from  Ta bl e  7  i n  American National Standard C 3 7 . 4 2  – 1 9 8 9  (s ee  b i b l i o g raph y)  
an d  i s  rep rod u ced  wi th  th e  pe rm i s s i on  of AN S I .  

1 )  3 0 0  s  for fu s e  l i n ks  rate d  1 0 0  A an d  l es s ;  6 0 0  s  for fu s e  l i n ks  rated  1 4 0  A an d  2 0 0  A.  

2 )  N o  m i n i m u m  va l u e  i s  i n d i cated ,  s i n ce  th e  req u i rem en t i s  th at  1  A,  2  A,  3  A ra ti n g s  sh a l l  coord i n a te  wi th  th e  6  
A rati n g  bu t  n ot  n eces s ari l y wi th  each  oth er.  
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Bi bl i og raph y  

I EC  61 869-1 ,  Instrument transformers – Part 1 :  General requirements  

I EC  61 869-2,  Instrument transformers – Part 2:  Additional requirements for current 
transformers  

I EC  61 869-5,  Instrument transformers – Part 5:  Additional requirements for capacitor voltage 
transformers  

I EC  6041 7-S N ,  Graphical symbols for use on equipment 

I EC  6061 7-SN ,  Graphical symbols for diagrams  

I E EE  S td  1 8,  I EE E  Standard for shunt power capacitors  

I E EE  S td  1 036,  IEEE guide for application of shunt power capacitors   

I E EE  S td  C37. 99,  IEEE guide for the protection of shunt capacitor banks 

I E EE  Std  C37. 40,  IEEE Standard Service Conditions and Definitions for High-Voltage Fuses,  
Distribution Enclosed Single-Pole Air Switches,  Fuse Disconnecting Switches,  and 
Accessories  

I EEE  Std  C37. 43,  IEEE Standard Specifications for High-Voltage Expulsion,  Current-Limiting,  
and Combination-Type Distribution and Power Class External Fuses,  with  Rated Voltages 
from 1  kV through 38 kV,  Used for the Protection of Shunt Capacitors 
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