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Bushing  for  high  direct  voltages. 

@  Transformer  bushing,  particularly  for  HVDC- 
plants,  with  a  condenser  body  for  field  control  of  the 
connection  between  the  bushing  and  the  conductor 
□f  a  transformer  winding.  The  condenser  body  (1)  is 
arranged  as  a  solid  of  revolution  with  concentrically 
laid  condenser  layers  (11,  13,  14).  The  condenser 

ooay  (i)  is  Tormea  rrom  one  ena  wnn  an  uuiwaruiy- 
directed  straight  frustrum  of  a  cone  (8)  and  from  the 
other  end  with  an  inwardly  directed  straight  frustrum 
of  a  cone  (10). 
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BUSHING  FOR  HIGH  DIRECT  VOLTAGES,  PARTICULARLY  FOR  HVDC  PLANT  TRANSFORMERS 

The  invention  relates  to  a  bushing  for  high 
direct  voltages  with  a  condenser  body  for  field 
control  of  the  connection  between  the  bushing  and 
a  conductor  connected  to  the  bushing  according  to 
the  precharacterising  part  of  claim  1.  The  bushing 
is  particularly  designed  for  transformers  which  are 
connected  to  converters  in  HVDC  plants. 

If  in  a  vessel  with  transformer  oil  two  energized 
electrodes  are  positioned  at  a  certain  distance  from 
each  other,  at  a  certain  voltage  a  flashover  will 
occur  between  the  electrodes.  The  flashover  ten- 
dency  may  be  minimized  by  inserting  between  the 
electrodes  an  insulator  body  which  functions  as  a 
barrier. 

Transformer  bushings  may  comprise  an  upper 
insulator  and  a  lower  insulator  of  electric  porcelain. 
At  the  joint  between  these  there  is  a  fixing  flange 
which  is  connected  to  the  transformer  casing.  In 
the  centre  of  the  bushing  there  is  a  tube  on  which 
is  wound  a  condenser  body  to  obtain  a  favourable 
electrical  field  distribution.  The  current  can  be  con 
ducted  through  the  tube  or  a  flexible  conductor 
drawn  through  the  tube. 

Condenser  bodies  for  bushings  are  described 
in  a  number  of  patent  specifications  and  publica- 
tions  of  various  kinds.  In  this  connection,  the  follow- 
ing  may,  inter  alia,  be  mentioned,  namely  EP-A-0 
032  690  "Foil-insulated  high  voltage  bushing  with 
potential  control",  EP-A-0  032  687  "High-voltage 
bushing  with  layers  of  embossed  insulating  foils", 
EP-A-0  051  715  "Safety  device  for  high-voltage 
bushings",  ASEA  Journal  1981,  Volume  54,  No.  4, 
pages  79-84.  Common  and  typical  for  the  design  of 
the  condenser  bodies  is  that  they  have  a  central 
circular-cylindrical  portion.  From  both  ends  this 
portion  changes  into  outwardly-directed  straight 
frustrums  of  cones  whose  cross  section  areas  have 
a  decreasing  radius. 

A  variant  of  the  design  of  a  condenser  body  is 
disclosed  in  GB-B-1  025  686,  "Pothead  for  con- 
necting  oil-filled  cables  to  transformers  and  other 
electrical  apparatus".  As  above,  the  condenser 
body  has  a  conical  part  terminating  towards  the 
transformer.  However,  towards  the  cable  connec- 
tion  the  condenser  body  terminates  in  a  cross 
section  area  which  is  equal  to  the  cross  section 
area  of  the  circular-cylindrical  portion. 

Another  variant  of  the  design  of  a  condenser 
body  is  disclosed  in  a  MICAFIL  publication  MNJ 
11/12  from  June  1969,  in  which  a  so-called  "Re- 
entrant  type  bushing"  is  described. 

This  bushing  is  also  intended  to  be  used  only 
within  the  a.c.  field.  Electrically,  it  is  built  up  in  the 
same  way  as  a  conventional  a.c.  bushing  with  a 
condenser  body  made  of  oil-impregnated  paper, 

bakelite  paper  or  is  impregnated  with  molded  resin 
and  has  concentric  layers  of  a  conducting  material. 
The  principle  of  the  manufacture  is  that  the  trans- 
former  side  of  the  body  is  first  wound  into  an 

5  inward  conical  shape  into  a  diameter  where  about 
70%  of  the  stress  lies,  whereupon  the  body  is 
continuously  wound  into  an  outward  conical  shape 
into  the  final  outer  diameter  with  0%  of  the  stress. 
The  advantage  of  such  an  embodiment  is  that  a 

w  shorter  bushing  is  obtained  on  the  oil  side.  In 
addition,  the  shield  may  be  omitted. 

Power  transformers  which  are  used  in  conver- 
ter  plants  entail  special  problems  from  the  point  of 
view  of  insulation,  which  somehow  have  to  be 

75  overcome  in  order  to  ensure  a  satisfactory  function. 
In  high  voltage  direct  current  plants,  so-called 

HVDC  plants,  there  is  often  used  at  least  one 
converter  per  pole  and  station.  Normally,  also,  each 
converter  comprises  several  bridges  connected  in 

20  series.  One  of  the  poles  of  one  bridge  is  normally 
connected  to  ground  and  the  other  pole  is  con- 
nected  to  the  next  bridge,  and  so  on,  thus  obtain- 
ing  the  series  connection.  The  direct  voltage  poten- 
tial  of  each  bridge  relative  to  ground  is  then  in- 

25  creased  according  to  the  number  of  bridges  which 
are  connected  between  the  respective  bridge  and 
ground. 

Each  bridge  in  the  series  connection  is  sup- 
plied  with  an  alternating  voltage  from  a  separate 

30  transformer.  With  increasing  direct  voltage  potential 
on  the  bridges  relative  to  ground,  the  insulation  on 
bushings  and  windings  of  the  transformers  which 
are  connected  to  the  bridges  will  also  be  subjected 
to  an  increasingly  higher  direct  voltage  potential 

35  with  a  superimposed  alternating  voltage.  The  in- 
sulation  of  these  must  therefore  be  dimensioned  so 
that  they  are  capable  of  withstanding  the  increas- 
ingly  higher  electrical  stresses  to  which  they  are 
then  subjected. 

40  The  increasing  direct  voltage  potential  leads  to 
special  problems  which  do  not  exist  in  transformers 
used  for  pure  alternating  voltage  transformation. 

For  converter  transformers,  the  lower  insulator 
of  the  bushing  and  the  transition  between  the  con- 

45  ductor  of  the  transformer  winding  and  the  bushing 
present  areas  of  problems  from  the  point  of  view  of 
insulation  technique.  This  is  described,  inter  alia,  in 
"Power  Transmission  by  Direct  Current",  by  E. 
Uhlmann,  Springer  Verlag  1975,  pages  327-328. 

so  The  electric  direct  voltage  field  has  a  distribu- 
tion  different  from  that  of  the  alternating  voltage 
field.  The  distribution  of  the  direct  voltage  is  mainly 
determined  by  the  resistivity  of  the  various  insulat- 
ing  mediums  present  in  the  field.  Though  trans- 
former  oil,  cellulose  material  and  electric  porcelain 
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are  good  electric  insulators,  a  certain  amount  of 
slectric  current  is  flowing  through  these  materials 
when  subjected  to  an  electric  voltage.  The  relation 
between  the  resistivity  of  cellulose  material  and 
transformer  oil  is  about  100.  This  means  that  when 
cellulose  in  series  with  oil  is  subjected  to  an  elec- 
tric  voltage  the  cellulose  is  subjected  to  a  consider- 
ably  higher  electric  fields  strength  than  the  oil, 
which  in  turn,  therefore,  imposes  demands  for  a 
sufficient  amount  of  solid  insulating  material  in  or- 
der  not  to  exceed  the  electric  withstand  strength. 
The  field  distribution  as  well  as  the  direction  of  the 
field  strength  vector  will  thus  be  different  from  the 
case  with  alternating  voltage.  The  current  transport 
also  entails  a  redistribution  of  charges  in  the  in- 
sulating  mediums  used. 

Because  of  the  heavy  dependence  of  the  re- 
sistivity  on  moisture  content,  field  strength,  tem- 
perature,  etc.,  the  distribution  of  direct  current  is 
difficult  to  predict.  In  addition,  the  physical  nature 
of  the  direct  voltage,  i.e.  charge  transport,  charge, 
time-dependent  behaviour,  and  so  on,  gives  a  pic- 
ture  of  the  insulation  problems  arising  in  connec- 
tion  with  HVDC  plants,  which  is  very  complex  and 
difficult  to  interpret.  In  "Space  Charge  and  Field 
Distribution  in  Transformers  under  DC-stress"  by  U 
Gafvert  and  E.  Spicar,  CIGRE  Int.  Conference  on 
Large  High  Voltage  Electric  Systems,  1986  Ses- 
sion,  12-04,  the  complexity  of  the  direct  voltage 
distribution  is  illustrated.  As  previously  mentioned, 
problems  have  arisen  at  the  connection  between 
the  transformer  bushing  and  the  conductor  of  the 
transformer  winding.  This  has  led  to  the  removal  of 
the  lower  insulator  of  electric  porcelain  on  the 
bushing  in  order  to  manage  the  stresses  at  the 
HVDC  terminal  at  the  higher  voltage  levels. 

No  simple  explanation  of  the  above  phenom- 
enon  has  been  presented.  However,  there  are  rea- 
sons  to  suspect  that  the  long  surfaces  which  arise 
in  connection  with  bushings  for  high  voltages  in 
combination  with  the  direction  of  the  field  along  the 
long  surfaces  are  of  importance  in  this  connedtion. 
Admittedly,  also  the  alternating  voltage  field  is  di- 
rected  along  the  surface  of  the  lower  porcelain,  but 
its  physical  nature  is  different.  One  hypothesis  is 
that  the  distribution  of  the  direct  voltage  field  runs 
the  risk  of  becoming  unstable  and  unevenly  distrib- 
uted  along  sufficiently  long  surfaces.  Another  inter- 
esting  hypothesis  is  described  in  an  article  entitled 
"Effect  of  Duct  Configuration  on  Oil  Activity  at 
Liquid/Solid  Dielectric  Interfaces"  by  R  E  James,  F 
E  Trick,  R  Willoughby  in  Journal  of  Electrostatics, 
12,  1982,  pages  441-447.  In  this  article  it  is  stated 
that  increased  charge  transport  at  surfaces  caused 
by  turbulence  and  access  to  charge  is  the  reason 
for  low  electric  withstand  strength. 

One  way  of  overcoming  the  above  problems  is 
disclosed  in  US-A-539,209,  "Barrier  of  condenser 

type  for  field  control  in  transformer  ousning  termi- 
nals".  In  this  case,  the  transformer  bushing  com- 
prises  a  lower  insulator.  To  attain  the  de  sired  field 
control,  a  condenser  type  barrier  is  used  which  has 

5  internal  cones  which  make  contact,  across  a  certain 
oil  gap,  with  the  outer  conical  part  of  the  lower 
insulator  of  the  bushing  as  well  as  with  the  coni- 
cally  formed  insulation  surrounding  the  conductor 
of  the  transformer. 

w  The  invention  aims  at  designing  a  bushing  of 
the  above-mentioned  kind  which  withstand  very 
high  direct  voltage  stresses  and  enjoys  relatively 
small  outer  dimensions. 

To  achieve  this  aim  the  invention  suggests  a 
is  bushing  according  to  the  introductory  part  of  claim 

1,  which  is  characterized  by  the  features  of  the 
characterizing  part  of  claim  1  . 

Further  developments  of  the  invention  are  char- 
acterized  by  the  features  of  the  additional  claims. 

20  As  has  been  described  above,  the  invention 
primarily  relates  to  a  transformer  bushing  with  a 
condenser  body  for  field  control  for  transformers 
used  in  converter  plants.  The  task  of  the  condenser 
body  is  to  overcome  the  flashovers  which  -as  it  has 

25  proved  -  may  arise  in  transformer  bushing  termi- 
nals.  It  is  designed  so  as  to  function  as  a  barrier 
with  both  capacitive  and  resistive  control  of  the 
electric  field  and  is  dimensioned  so  that  the  con- 
denser  body  withstands  the  electric  field  strengths 

30  occurring  in  this  bushing  and  in  particular  in  the 
sensitive  region  at  the  connection  between  the  con- 
ductor  of  the  transformer  and  the  bushing. 

It  is  assumed  that  the  conductor  which  comes 
from  the  transformer  winding  and  is  to  be  con- 

35  nected  to  the  conductor  of  the  bushing  is  sur- 
rounded  by  a  conducting  tube  which  is  covered  by 
wound  electrical  insulation.  This  insulation  is 
formed,  from  the  end  of  the  conducting  tube,  as  a 
straight  frustrum  of  a  cone  with  cross  section  areas 

40  with  an  increasing  radius  which  than  changes  into  a 
circular-cylindrical  portion  towards  the  transformer. 
The  conductor  of  the  bushing  also  often  consists  of 
a  conducting  tube. 

The  part  of  the  condenser  body  which  is  situ- 
45  ated  on  the  air  side  of  the  transformer  bushing  is 

formed  as  a  conventional  condenser  body.  This 
means  that,  counting  from  the  fixing  flange  of  the 
transformer  bushing,  it  has  a  circular-cylindrical 
portion  which  changes  into  an  outwardlydirected 

so  straight  frustrum  of  a  cone  with  decreasing  diam- 
eter.  Also  other  embodiments  of  this  portion  may 
be  used. 

The  part  of  the  condenser  body  which  is  cov- 
ered  by  the  invention,  i.e.  on  the  oil  side  of  the 

55  transformer  bushing,  normally  counting  from  the 
fixing  flange  of  the  bushing,  is  formed  as  a  circular- 
cylindrical  portion  the  end  of  which  is  provided  with 
an  inwardly-directed  straight  frustrum  of  a  cone. 

3 
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The  axial  length  of  the  circular-cylindrical  portion 
which  is  located  on  the  oil  side  of  the  bushing  is 
largely  adapted  such  that  its  end  coincides  with  the 
transition  from  conical  to  circular-cylindrical  portion 
of  the  insulation  of  the  conductor  coming  from  the 
transformer  winding.  The  conicity  of  the  cone, 
which  from  that  point  is  directed  inwards,  largely 
coincides  (see,  however,  below)  with  the  conicity  of 
the  insulation  of  the  conductor  of  the  transformer 
winding  with  space  for  an  intermediate  oil  gap. 

Such  a  design  of  a  condenser  body  means  that 
a  conventional  condenser  body  is  integrated  with  a 
condenser  type  barrier.  This  causes  the  electric 
field  to  be  controlled  in  the  desired  way  while  at 
the  same  time  obtaining  a  shielding  of  the  conduc- 
tor  of  the  transformer.  In  this  way  the  condenser 
body  for  the  bushing  according  to  the  invention 
serves  as  an  insulation  barrier  both  for  direct  volt- 
age  and  alternating  voltage  fields. 

Otherwise,  the  condenser  body  for  the  bushing 
according  to  the  invention  is  built  up  as  a  conven- 
tional  condenser  body,  i.e.  it  consists  of  wound 
insulating  material  with  condenser  layers  of  foil 
type  concentrically  inserted  therein.  The  inner  ra- 
dius  of  the  condenser  body  corresponds  to  the 
outer  radius  of  the  continuous  current-carrying  tube 
of  the  transformer  bushing. 

As  mentioned  above,  the  condenser  body  is 
manufactured  from  an  insulating  agent  alternating 
with  conducting  layers  to  obtain  the  desired  capaci- 
tive  control  of  the  electric  alternating  field.  The 
innermost  condenser  layer  which  is  concentric  with 
the  conductor  has  an  axial  length  which  approxi- 
mately  corresponds  to  the  inner  axial  length  of  the 
condenser  body.  Outside  of  this  innermost  layer 
there  are  concentric  layers  alternating  in  length  in 
the  radial  direction  so  that  the  stack  formed  by 
these  layers  tapers  in  either  axial  direction.  The 
taper  is  made  so  that,  concurrently  with  increasing 
radius  of  the  condenser  body  counting  from  the 
first  layer,  the  layers  are  laid  in  an  axial  direction 
such  that  their  outer  edges  connect  with  the 
outwardly-directed  straight  frustrum  of  a  cone  of 
the  condenser  body  on  the  air  side  and  an  evenly 
decreasing  taper  counting  from  the  innermost  layer 
towards  the  fixing  flange  on  the  oil  side.  In  addition 
there  are  short  layers  which  are  laid  such  that, 
concurrently  with  increasing  radius  of  the  condens- 
er  body  counting  from  the  innermost  layer,  they 
are  laid  in  the  axial  direction  such  that  their  outer 
edges  connect  with  the  inwardly-directed  straight 
frustrum  of  a  cone  of  the  condenser  body.  The 
axial  length  of  these  short  layers  is  adapted  such 
that  their  areas  are  constant,  i.e.  the  axial  length 
decreases  with  increasing  radius  of  the  condenser 
body. 

To  obtain  the  desired  field  control,  the  inner- 
most  layer  is  connected  to  the  central  conducting 

tube,  to  which  high  vol  tage  is  applied,  and  the 
outermost  layer  at  the  fixing  flange  is  connected  to 
ground. 

As  mentioned  above,  the  direct  voltage  field  is 
5  controlled  by  several  factors.  Thus,  for  example, 

the  medium  that  has  the  lowest  resistivity  is  field- 
controlling.  As  mentioned  above,  an  oil  gap  is 
formed  between  the  insulator  body  of  the  conduc- 
tor  to  the  transformer  winding  and  the  surrounding 

70  inwardly  directed  straight  frustrum  of  a  cone  of  the 
condenser  body.  Since  the  oil  has  the  lowest  re- 
sistivity,  most  of  the  current  is  conducted  in  the  oil 
gap,  which  therefore  controls  the  field  in  parallel 
with  surrounding  surfaces.  To  obtain  an  even  dis- 

75  tribution  of  the  field  along  these  surfaces,  it  is 
therefore  important  that  the  width  of  the  oil  gap 
increases  with  decreasing  radius.  Otherwise,  the 
field  would  be  concentrated  towards  that  part 
where  the  radius  is  smallest,  i.e.  where  the  cross 

20  section  area  of  the  oil  gap  is  smallest.  Therefore, 
the  conicity  of  the  inwardly  directed  straight 
frustrum  of  a  cone  of  the  condenser  body  and  the 
conicity  of  the  conical  portion  of  the  insulator  body 
are  suitably  chosen  such  that  the  radial  cross  sec- 

25  tion  area  of  the  oil  gap  is  approximately  constant 
along  the  conical  portion  of  the  bodies. 

Another  field-controlling  part  is  the  radial  dis- 
tribution  of  the  field  in  that  part  of  the  condenser 
body  which  does  not  contain  any  layers,  i.e.  around 

30  the  innermost  layer  to  which  high  voltage  is  ap- 
plied.  Between  the  oil  gap  towards  the  insulation  on 
the  conductor  of  the  transformer  winding  and  this 
region,  the  conducting  layers  function  -  in  the  di- 
rect  voltage  case  -  as  equipotential  plains  which 

35  prevent  the  field  from  being  concentrated  to  any 
part  of  the  mentioned  oil  channel.  With  an  ac- 
curately  formed  oil  channel,  the  above-mentioned 
factors  cooperate  to  obtain  an  even  distribution  of 
the  field  in  the  oil  channel,  the  field  being  guided 

40  over,  in  the  desired  manner,  to  the  insulation  on  the 
conductor  of  the  transformer  winding. 

It  is  exceedingly  desirable  that  the  oil  systems 
in  the  transformer  and  in  the  bushing  consist  of 
separate  systems. 

45  To  achieve  this,  two  different  principal  embodi- 
ments  of  the  condenser  body  are  suggested. 
These  will  be  described  in  greater  detail  below  in 
connection  with  the  drawings,  and  therefore  only  a 
brief  description  of  the  principle  will  be  given  here. 

so  One  alternative  is  that  the  condenser  body  is  de- 
signed  as  a  tight  unit,  for  example  impregnated  and 
cured  with  some  suitable  cast  compound.  The  sec- 
ond  alternative  comprises  enclosing  the  condenser 
body  in  a  tight  casing. 

55  This  leads  to  the  creation  of  two  oil  gaps  at  the 
transition  between  the  insulation  of  the  conductor  of 
the  transformer  winding  and  the  condenser  body. 

One  advantage  of  the  condenser  body  with  the 
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integrated  condenser  type  barrier  in  a  transformer 
bushing  according  to  the  invention  in  relation  to  the 
concept  with  a  separate  condenser  type  barrier 
disclosed  in  US-A-539  209  is  that  the  outer  dimen- 
sions  of  the  system  can  be  made  smaller.  Another 
advantage  is  that  the  extent  of  the  interfaces  which 
are  subjected  to  a  tangentially  directed  electric 
field  strength  is  reduced. 

By  way  of  example,  the  invention  will  now  be 
described  in  greater  detail  with  reference  to  the 
accompanying  drawings  showing  in  Figures  1  and 
2  two  alternative  embodiments  of  a  condenser 
body  for  the  bushing  according  to  the  invention. 

To  show  the  invention  in  the  best  way,  the 
proportions  between  the  diameter  and  axial  length 
of  the  condenser  body  are  not  according  to  scale. 
The  same  is  true  also  of  the  conicity  of  the  cones. 
The  principal  embodiment  where  the  condenser 
body  is  formed  as  a  tight  cast  unit  is  shown  in 
Figure  1.  As  has  been  described,  the  condenser 
body  1  is  built  up  as  a  solid  of  revolution  which 
consists  of  wound  insulating  material  with  concen- 
trically  inserted  foil-type  condenser  layer.  In  order 
to  show  the  condenser  body  1  to  a  certain  extent  in 
its  proper  context,  Figure  1  also  shows  the  central 
current-carrying  part  2,  in  the  form  of  a  tube,  of  a 
transformer  bushing  around  which  the  condenser 
body  1  is  centered,  as  well  as  the  conductor  of  the 
transformer  consisting  of  an  inner  energized  tube  3 
and  insulating  material  4  wound  thereon,  which 
material  4  is  formed  as  a  circular-cylindrical  part  6 
which  changes  into  a  conical  taper  5  towards  the 
end  of  the  tube. 

A  transformer  bushing  in  which  the  condenser 
body  is  to  be  included  normally  has  an  upper 
insulator  of  electric  porcelain  acting  towards  the  air 
side.  On  the  oil  side  transformer  bushings  normally 
also  have  a  lower  insulator  of,  for  example,  electric 
porcelain.  In  an  embodiment  according  to  the  in- 
vention,  on  the  other  hand,  there  is  no  such  lower 
insulator  of  conventional  type. 

The  condenser  body  in  the  first  alternative  is 
impregnated  with  a  suitable  cast  compound,  for 
example  epoxy.  The  condenser  body  is  then 
wound  from,  for  example,  an  insulation  paper  which 
is  impregnable  by  the  cast  compound  used. 

On  the  air  side  the  condenser  body  is  formed 
as  a  condenser  body  according  to  the  state  of  the 
art,  i.e.  with  a  circular-cylindrical  portion  7  which 
changes  into  an  outwardly-directed  straight 
frustrum  of  a  cone  8.  On  the  oil  side  the  condenser 
body  continues  in  a  circular-cylindrical  portion  9 
with  the  same  outside  diameter  as  the  circular- 
cylindrical  portion  on  the  air  side.  The  axial  length 
of  the  outer  contour  of  the  circular-cylindrical  por- 
tion  is  adapted  such  that  its  end  coincides  with  the 
transition  of  the  insulation  from  the  conical  to  the 
circular-cylindrical  portion  of  the  conductor  of  the 

transformer  winding,  i-rom  tne  ena  ot  me  con- 
denser  body  there  extends  an  inwardly-directed 
straight  frustrum  of  a  cone  10  with  a  conicity  which, 
according  to  the  method  previously  described, 

5  somewhat  deviates  from  the  conicity  of  the  con- 
ductor  of  the  transformer  winding.  This  leads  to  the 
creation  of  an  oil  gap  between  the  condenser  body 
and  the  conical  portion  5  of  the  conductor  of  the 
transformer  winding.  It  is  important  for  the  distribu- 

te  tion  of  the  direct  voltage  field  that  the  oil  gap 
between  the  inwardly  directed  straight  frustrum  of  a 
cone  of  the  condenser  body  and  the  conical  portion 
of  the  conductor  of  the  transformer  winding  should 
have  largely  the  same  radial  cross  section  along 

15  the  whole  outer  contour  of  the  cones.  The  dif- 
ference  in  radius  is  therefore  greatest  at  the  small- 
est  base  surfaces  of  the  cones. 

The  first  and  innermost  condenser  layer  1  1  is 
electrically  connected  to  the  current-carrying  tube 

20  2  of  the  bushing,  as  indicated  at  the  point  of 
connection  12.  This  first  layer  has  an  axial  length 
which  corresponds  to  the  inner  axial  length  of  the 
condenser  body.  It  is  surrounded  by  concentric 
layers  13  which  are  laid  one  above  the  other  in  a 

25  radial  direction  and  tapering  relative  to  the  first 
layer,  in  an  axial  direction.  The  taper  is  done  by 
laying  the  layers,  concurrently  with  increasing  ra- 
dius,  in  an  axial  direction  so  that  the  outer  edges 
on  one  side  connect  with  the  conical  contour  of  the 

30  air  side  and  with  an  evenly  decreasing  taper  to- 
wards  the  fixing  flange  of  the  transformer  bushing 
on  the  other  side.  The  outermost  of  these  layers  is 
connected  to  ground  potential. 

Furthermore,  the  condenser  body  is  provided 
35  with  concentric  short  layers  14  which  connect  with 

the  contour  of  the  inwardly  directed  straight 
frustrum  of  a  cone.  The  axial  length  of  these  short 
layers  is  adapted  so  as  to  have  a  practically  con- 
stant  area  independently  of  the  radius  on  which 

40  they  are  situated. 
An  embodiment  of  a  condenser  body  accord- 

ing  to  the  above-mentioned  second  alternative  is 
shown  in  Figure  2.  The  field-controlling  parts  of  the 
condenser  body,  i.e.  the  wound  insulating  material 

45  and  the  layers,  are  arranged,  from  the  design  point 
of  view,  in  the  same  way  as  in  Figure  1  .  However, 
in  this  embodiment  the  insulation  part  consists,  for 
example,  of  oil-impregnated  insulation  paper.  In 
this  alternative  the  entire  condenser  body  is  sur- 

50  rounded  by  oil  enclosed  in  a  tight  casing  15.  This 
leads  to  the  creation  of  two  oil  gaps  between  the 
inwardly  directed  cone  of  the  condenser  body  and 
the  conical  portion  of  the  conductor  of  the  trans- 
former  winding,  i.e.  inside  and  outside  the  tight 

55  casing,  respectively.  Both  of  these  gaps  must  now 
be  dimensioned  in  the  same  way  as  the  oil  gap  in 
Figure  1  .  The  demands  that  need  to  be  placed  on 
the  material  in  this  casing  are  that  it  must  have 
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sufficient  mouldability  and  that  its  resistivity  is  to 
be  greater  than  or  at  least  as  great  as  the  resistivity 
of  the  oil. 

Claims 

1.  Bushing  for  high  direct  voltages,  particularly  for 
HVDC  plant  transformers,  with  a  condenser  body 
(1)  for  field  control  of  the  connection  between  the 
bushing  and  a  conductor  connected  to  the  bushing, 
particularly  the  conductor  of  a  transformer  winding, 
whereby 
-  the  condenser  body  (1)  is  arranged  as  a  solid  of 
revolution  with  an  inner  circular-cylindrical  opening, 
the  radius  of  which  corresponds  to  the  outer  radius 
of  a  first  current-carrying  tube  (2)  of  the  trans- 
former  bushing, 
-  the  condenser  body  has  a  circular-cylindrical  out- 
er  portion  (7)  on  the  air  side  of  the  bushing,  which 
terminates  in  a  straight  outwardly-directed  truncat- 
ed  conical  part  (8), 
-  and  the  condenser  body  consists  of  insulating 
material  with  foil-type  condenser  layers  concen- 
trically  laid  therein, 
characterized  in  that 
the  condenser  body  on  the  oil  side  of  the  bushing 
has  a  circular-cylindrical  inner  opening  correspond- 
ing  to  the  inner  opening  of  the  air  side  and  an  outer 
circular-cylindrical  portion  (9)  which  from  the  end  is 
arranged  with  an  inwardly  directed  straight  frustrum 
of  a  cone  (10)  extending  towards  the  inner  opening. 
2.  Bushing  according  to  claim  1  in  which  around 
the  conductor  of,  for  example,  a  transformer  wind- 
ing  there  is  arranged  an  energized  tube  (3)  with  a 
surrounding  insulation  (4)  with  a  circular-cylindrical 
part  (6)  and  with  a  straight  conical  taper  (5)  towards 
the  end  of  the  tube,  characterized  in  that  the 
outer  axial  length  of  the  condenser  body  on  the  oil 
side  is  arranged  such  that  its  end  coincides  with 
the  transition  between  the  circular-cylindrical  part 
(6)  and  the  conical  part  (5)  of  the  insulation  around 
the  energized  tube  (3)  of  the  conductor  of  the 
transformer  winding. 
3.  Bushing  according  to  claim  1  or  2  in  which 
around  the  conductor  of,  for  example,  a  transformer 
winding  there  is  arranged  an  energized  tube  (3) 
with  a  surrounding  insulation  (4)  with  a  circular- 
cylindrical  part  (6)  and  with  a  straight  conical  taper 
(5)  towards  the  end  of  the  tube,  characterized  in 
that  the  conicity  of  the  inwardly  directed  straight 
frustrum  of  a  cone  (10)  of  the  condenser  body  is  so 
arranged  that  the  radial  cross  section  area  of  the 
gap  which  is  formed  between  this  and  the  conical 
part  of  the  insulation  around  the  energized  tube  of 
the  conductor  of,  for  example,  a  transformer  wind- 
ing  is  constant  along  the  entire  length  of  the 
inwardly-directed  cone. 

4.  Bushing  according  to  any  of  the  preceding 
claims  which  bushing  is  provided  with  a  fixing 
flange,  characterized  in  that  a  first  inner  con- 
denser  layer  (11)  of  the  condenser  body  (1)  has  an 

5  axial  length  which  corresponds  to  the  axial  length 
of  the  inner  circular-cylindrical  opening,  that  out- 
side  of  this  layer  there  are  arranged  concentric 
condenser  layers  (13)  laid  one  around  the  other 
and  having  decreasing  axial  length  with  increasing 

w  radius,  these  condenser  layers  being  arranged  ax- 
ially  in  such  a  way  that  their  outer  edges  connect 
with  the  straight  outwardly-directed  frustrum  of  a 
cone  (8)  of  the  condenser  body  on  one  side  and  an 
evenly  decreasing  taper  counting  from  the  first 

75  layer  towards  the  fixing  flange  of  the  bushing  on 
the  other  side,  and  that,  in  addition,  the  condenser 
body  is  provided  with  short  condenser  layers  (14) 
arranged  such  that,  concur  rently  with  increasing 
radius  of  the  condenser  body  counting  from  the 

20  first  layer,  the  layers  are  laid  in  an  axial  direction 
so  that  their  outer  edges  connect  with  the  inwardly 
directed  straight  frustrum  of  a  cone  (10)  of  the 
condenser  body  and  that  their  axial  length  is  adapt- 
ed  such  that  their  area  is  constant. 

25  5.  Bushing  according  to  claim  4,  characterized  in 
that  the  first  inner  condenser  layer  (11)  is  elec- 
trically  connected  to  the  current-carrying  tube  (2)  of 
the  bushing,  to  which  tube  high  voltage  is  applied, 
and  that  the  outer  condenser  layer  at  the  fixing 

30  flange  of  the  bushing  is  connected  to  ground  po- 
tential. 
6.  Bushing  according  to  any  of  the  preceding 
claims,  characterized  in  that  the  condenser  body 
is  arranged  to  be  enclosed  in  a  tight  casing  (15)  or 

35  constitutes  a  tight  body  (1  )  per  se. 

40 

45 

50 

55 

6 



*  U  tdM  OtO  A  I 



European  Patent 
Dffice 

EUROPEAN  SEARCH  REPORT Application  number 
IP  90120182.2 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  ol  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

ULASJjIf-i'JA  I  ION  OF  THE APPLICATION  (Inl  Cn 

CH-A-506  165  (HITACHI  LTD) H  01  F  27/04 

rtOMNItiAl.  1-lfcLUb 
SEARCHED  lint  CP) 

The  present  search  report  has  been  drawn  up  lor  all  claims 

Place  of  search  Dateol  ompletion  of  the  search  Examiner 
STOCKHOLM  27-11-1990  WESTO'd  M. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  trie  same  category 
A  .  technological  background 
O  :  non-written  disclosure 
P  intermediate  document 

theory  or  principle  underlying  the  invention 
earlier  patent  document,  but  published  on,  or 
after  the  filing  date 
document  cited  in  the  application 
document  cited  for  other  reasons 
member  of  the  same  patent  family,  corresponding 
document 


	bibliography
	description
	claims
	drawings
	search report

