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This  invention  relates  to  a  method  of  making 
electric  coils. 

In  many  conventional  coils,  such  as  transformer 
coils,  the  various  conductor  or  winding  layers  are 
supported  and  insulated  from  each  other  by 
means  of  cellulosic  insulation,  such  as  oil-paper 
or  cardboard,  for  example.  Other  conventional 
coil  structures  employ  non-cellulosic  insulating 
material,  such  as  cast-resin,  to  provide  conductor 
support  and  insulation,  and  these  cellulose-free 
coils  have  certain  advantages  over  the  others 
insofar  as  they  are  more  resistant  to  short  circuits, 
moisture  degradation,  mechanical  vibration,  and 
fire,  and  less  susceptible  of  out-gassing  and 
thermal  ageing.  Unfortunately,  cellulose-free 
coils  of  conventional  design  also  have  certain 
drawbacks,  chief  among  them  relatively  high  cost 
in  terms  of  both  manufacture  and  loadability,  and 
a  difficulty  of  ridding  them  of  shrinkage  voids. 

In  DE-A-2  924 191,  there  is  already  disclosed 
a  method  of  making  such  a  cellulose-free  coil 
structure  without  using  oil-paper  or  cardboard 
between  the  successive  winding  layers.  This 
known  method  includes  the  step  of  applying  a 
coating  of  a  viscous  paste  of  electric  insulation 
upon  a  substrate  cylinder,  and  the  step  of  apply- 
ing  a  conductor  winding  upon  the  coating,  said 
paste  may  consist  of  a  resin  containing  short  cut 
glass  fibers  as  a  filler  and  said  coating  may  be 
reinforced  by  glass  fibers. 

Of  course,  applying  of  the  reinforced  coating 
involves  relatively  high  costs  of  manufacture. 

It  is  the  principal  object  of  the  invention  to  pro- 
vide  a  method  which  will  alleviate  the  problems 
heretofore  encountered  with  cellulose-free  struc- 
tures. 

Accordingly,  the  invention  resides  in  a  method 
of  forming  an  electric  coil  structure  including  the 
steps  of  applying  a  coating  of  a  flowable  insula- 
tion  material  upon  a  substrate  and  winding  a  con- 
ductor  layer  upon  said  coating,  and  repeating 
these  steps  as  often  as  required  to  provide  the 
desired  number  of  conductor  layers,  charac- 
terized  in  that  said  step  of  applying  the  coating 
comprises  applying  of  a  liquid  insulation  material 
upon  the  substrate  and  gelling  the  liquid  coating 
to  a  firmness  sufficient  to  support  a  conductor 
winding. 

The  above-stated  sequence  of  steps  can  be 
repeated  as  often  as  required  to  provide  a  desired 
number  of  conductor  layers,  in  which  event  a 
mandrel,  an  insulated  supporting  member  or  a 
first  conductor  layer  applied  upon  the  insulated 
supporting  member  will  form  the  substrate  for 
the  first  liquid  coating  of  insulating  material  to  be 
applied  and  gelled,  and  each  subsequent  con- 
ductor  layer  supported  by  such  gelled  insulation 
coating  will  form  the  substrate  for  the  next  liquid 
coating  of  insulation  to  be  applied  and  gelled. 

The  term  "gelling",  as  used  herein  in  context 
with  the  invention,  is  intended  to  mean  partially 
polymerizing  to  an  extent  rendering  the  liquid 
insulation  sufficiently  consistent  to  provide 

mechanical  support  for  the  conductor  applied 
thereupon,  but  leaving  it  plastic  enough  for  the 
conductor  to  somewhat  nest  in  it  and  thereby  to 
be  held  against  sliding.  Moreover,  as  liquid  insu- 
lation  coating  is  applied  upon  conductor  layer  and 
conductor  layer  is  applied  upon  gelled  insulation 
coating,  the  conductor  layers  as  well  as  all  con- 
ductor  portions  in  each  layer  become  completely 
insulation-bound  and  any  polymerization  shrink- 
age  is  accommodated  as  the  insulated  structure  is 
being  formed,  all  of  which  contributes  to  produc- 
ing  a  coil  the  insulation  of  which  is  a  homo- 
geneous  and  essentially  void-free  mass  in  inti- 
mate  physical  contact  with  essentially  all  surfaces 
of  the  winding  or  windings  embedded  therein. 

The  liquid  insulating  material  preferably  is  gel- 
led  through  irradiation  from  a  suitable  source, 
such  as  an  infrared  or  ultraviolet  radiation  unit  or 
an  electron  beam  unit.  At  present,  ultraviolet 
radiation  is  believed  to  be  the  most  practical  and, 
accordingly,  is  preferred. 

The  insulating  material  may  be  any  suitable 
cross-linkable  liquid  resin,  such  as  acrylic  epoxy, 
and  preferably  is  a  substantially  unfilled  resin 
capable  of  being  instantly  gelled  through  irradia- 
tion. 

Depending  upon  such  factors  as  the  viscosity  of 
the  liquid  insulation  before  gelling,  the  desired 
thickness  of  each  finished  coating,  and  the  like, 
the  insulation  coating  upon  each  substrate  (i.e. 
mandrel,  insulating  support  member  or  pre- 
viously  applied  conductor  layer)  may  be  applied 
as  a  single-layer  coating  or  it  may  be  formed  by 
applying  several  thin  layers  of  liquid  insulation 
one  upon  the  other  and  gelling  each  such  layer 
before  the  next  one  is  applied.  The  viscosity  of the 
liquid  insulation  should  be  as  low  as  possible  in 
order  to  minimize  the  chance  for  pockets  or  voids 
to  develop  as  the  coating  is  being  formed,  but  it 
also  should  be  sufficient  to  minimize  undesirable 
flow  of  the  applied  liquid  insulation  before  gel- 
ling. 

In  addition  to  offering  the  advantages  men- 
tioned  hereinbefore,  as  well  as  others  still  to 
become  apparent  as  the  description  proceeds,  the 
method  according  to  the  invention  lends  itself 
admirably  well  to  being  applied  to  the  art  of  coil 
forming  since  it  permits  layer  insulation  to  be 
formed  in  situ  while  the  coil  structure  being  built 
is  on  a  mandrel  or  coil  former  and  the  latter  is 
rotating  at  commercial  winding  speeds. 

When  so  employed,  the  method  preferably 
comprises  the  step  of  forming  an  insulating  coat- 
ing  upon  the  rotating  mandrel  or  coil  former  by 
applying  thereon  liquid  insulation  in  one  or 
several  layers  and  instantly  gelling  each  layer 
thus  applied,  and  it  includes  further  the  steps  of 
winding  upon  the  above-mentioned  insulating 
coating  an  electric  conductor  layer,  forming  upon 
the  latter  another  gelled  insulation  coating  in  the 
manner  set  forth  above,  winding  thereon  another 
conductor  layer,  and  so  forth  until  the  coil  form- 
ing  operation  is  completed.  After  completion  of 
the  coil  forming  operation,  the  finished  product  is 
subjected  to  a  suitable  curing  process  causing  the 



gelled  insulation  to  set.  If  desired,  provision  for 
cooling  ducts  can  be  made  during  the  coil  form- 
ing  operation  by  introducing,  in  the  liquid  insula- 
tion,  strips  of  a  material  which  can  be  sub- 
sequently  removed  from  the  finished  coil,  such  as 
polyethylene,  for  example,  which  can  be  melted 
out  with  heat  suitably  applied. 

It  will  be  appreciated  that  a  coil  formed  in 
accordance  with  the  invention  will  have  a  much 
better  conductor  space  factor  than  a  conventional 
paper-wound  coil,  for  example.  Moreover,  the 
novel  coil  winding  method  makes  possible  a 
reduction  of  the  conductor  mean  turn  and  of  the 
overall  coil  dimensions  (determining  the  size  of 
the  core  needed  for  the  coil),  it  does  away  with 
costly  coil  bonding  and  drying  operations,  and  it 
obviates  oil  impregnation  problems  since,  con- 
trary  to  conventional  insulation  systems  employ- 
ing  cellulosic  material,  such  as  paper,  a  coil 
formed  in  accordance  with  the  invention  needs  no 
oil  for  insulation  purposes,  all  of  which  tends  to 
lower  cost  significantly  with  respect  to  coil  struc- 
tures  of  the  prior  art. 

Still  another  significant  advantage  derived  from 
the  invention  in  connection  with  coil  winding  has 
to  do  with  insulation  grading.  It  is  known  that 
when  an  electrical  winding  is  formed  from  wire 
wound  helically  about  the  coil  axis  alternately 
back  and  forth  between  the  opposite  coil  ends  so 
as  to  form  consecutive  layers  of  conductor  turns, 
the  dielectric  stress  from  layer to  layer is  relatively 
low  at  the  mutually  connected  ends  of  any.  two 
adjacent  turns  layers  and  gradually  increases 
toward  the  mutually  non-connected  ends  of  such 
turns  layers.  With  conventional  coil  structures 
having  winding  or  turns  layers  spaced  apart 
uniformly  for  the  whole  length,  i.e.  axial  dimen- 
sion,  of the  coil,  the  overall  coil  size  is  determined 
by  the  thickness  which  the  insulation  between 
turns  layers  must  have  in  order  to  withstand  the 
highest  dielectric  stress  therebetween,  that  is,  it  is 
determined  by  the  thickness  of  insulation 
needed  at  the  non-connected  ends  of  the  turns 
layers. 

The  method  according  to  the  invention  allows 
the  total  volume  of  the  insulation  and,  hence,  the 
total  coil  size  to  be  considerably  reduced  in  a 
facile  manner  by  grading  the  insulation  during 
coil  winding,  that  is,  by  varying  the  thickness  of 
insulation  between  adjacent  winding  layers  in 
accordance  with  the  changing  dielectric  stress 
therebetween. 

In  a  preferred  embodiment  of  the  invention, 
such  graded  insulating  coating  is  formed  upon  a 
conductor-turns  layer,  or  winding  portion,  of  the 
coil  structure  by  applying  and  instantly  gelling,  as 
the  coil  structure  is  being  rotated,  layer  upon 
layer  of  liquid  insulation  in  a  manner  such  that  the 
width  of  the  various  layers,  as  measured  across 
the  underlying  winding  portion  from  the  end 
thereof  which  will  be  the  high-stress  end  with 
respect  to  the  conductor-turns  layer  or  winding 
portion  to  be  formed  next,  changes  incrementally 
from  insulation  layer  to  successive  insulation 
layer  so  that  the  resulting  insulating  coating  will 

have  a  wedge-like  or  tapered  cross-section,  that 
is,  will  be  graded,  its  thickness  being  maximal  at 
the  high-stress  end  and  decreasing  gradually 
toward  the  low-stress  end  of  the  underlying  wind- 
ing  portion  thus  coated. 

The  incremental  change  in  the  width  of  succes- 
sively  applied  insulation  layers  is  achieved 
through  axial  relative  displacement  effected  be- 
tween  the  insulation  applicator  and  the  coil  struc- 
ture  as  the  latter  is  being  rotated. 

In  another  embodiment  of  the  invention,  a 
graded  insulating  coating  is  formed  on  a  con- 
ductor-turns  layer  of  the  coil  structure  by  apply- 
ing,  and  gelling,  a  single  layer  or  coat  of  liquid 
insulation  extruded  through  a  nozzle  shaped  to 
impart  to  the  extruded  layer  of  insulation  either 
the  desired  wedge-shaped  cross-section  or  a  rect- 
angular  cross-section  which  then  is  re-shaped, 
e.g.  by  means  of  a  wiper,  such  as  a  rubber  blade 
or  the  like,  to  assume  the  desired  wedge-like 
cross-sectional  configuration. 

Preferred  embodiments  of  the  invention  will 
now  be  described,  by  way  of  example,  with 
reference  to  the  accompanying  drawings,  in 
which: 

Figure  1  is  a  cross-sectional  partial  view  of  an 
electric  coil  made  in  accordance  with  the  prior  art; 

Fig.  2  is  an  isometric  view  schematically  illus- 
trating  a  manner  of  making  an  electric  coil  in 
accordance  with  a  preferred  embodiment  of  the 
invention; 

Fig.  3  is  a  sectional  view  taken  along  line  II-II  of 
Fig.  4; 

Fig.  4  is  an  isometric  view  of  the  nearly  finished 
coil; 

Fig.  5  is  a  cross-sectional  partial  view  of  an 
electric  coil  having  graded  insulation  formed  in 
accordance  with  the  invention; 

Fig.  6  is  an  isometric  view  schematically  illus- 
trating  one  manner  of  forming  layer  insulation  in 
a  coil  such  as  shown  in  Fig.  5; 

Fig.  7  is  an  enlarged,  fragmentary  sectional 
view  illustrating  in  greater  detail  how  insulation 
grading  is  achieved  by  the  method  of  Fig.  6; 

Fig.  8  is  a  cross-sectional  partial  view  similar  to 
Fig.  5  and  showing  an  electric  coil  with  graded 
insulation  formed  in  a  manner  as  illustrated  in 
Figs.  9  to  15  or  Figs.  16  to  20; 

Figs.  9,  10  and  11  are  fragmentary  end  views 
illustrating  successive  stages  of  applying  insula- 
tion  in  forming  the  coil  of  Fig.  8; 

Figs.  12,  13  and  14  are  cross-sectional  views 
taken  along  lines  XII-XII,  XIII-XIII  and  XIV-XIV 
of  Figs.  9,  10  and  11,  respectively; 

Fig.  15  is  an  isometric  and  partly  sectional  view 
showing  how  a  graded  coating  of  liquid  insulation 
is  applied  upon  a  layer  of  conductor  turns  in 
making  the  coil  of  Fig.  8; 

Fig.  16  is  a  sectional  view  illustrating  a  some- 
what  different  manner  of  forming  graded  insula- 
tion; 

Fig.  17  is  a  cross-sectional  view  taken  along  line 
XVII-XVII  of  Fig.  16; 

Fig.  18  is  a  sectional  view  showing  a  modifica- 
tion  of  the  method  of  Fig.  16; 



Fig.  19  is  a  cross-sectional  view  taken  along  the 
line  XIX-XIX  of  Fig.  18;  and 

Fig.  20  is  a view  similar  to  Fig.  19  but  showing 
the  coil  in  a  more  advanced  coil  forming  stage. 

Referring  now  to  Fig.  1  of  the  drawings,  it 
shows  part  of  a  conventional  transformer  coil,  still 
on  a  coil  forming  mandrel  4,  in  which  layers  3a,  3b 
and  3c  of  conductor  turns,  forming  part  of  a 
winding  of  the  coil,  are  supported  and  insulated 
from  each  other  by  cellulosic  insulation  in  the 
form  of  paper  wraps  or  cardboard  tubes  2a,  2b 
and  2c.  Typically,  such  coil  is  formed  in  succes- 
sive  steps  by  applying  the  first  wrap  or  tube  of 
cellulosic  insulation  2a  upon  the  mandrel  4,  then 
winding  thereon  the  first  layer  3a  of  turns  from 
one  end  of  the  coil  to  the  other,  as  indicated  by 
the  lowermost  arrow  in  Fig.  1,  thereafter  applying 
the  second  wrap  or  tube  2b  of  insulation  upon  the 
turns  layer  3a,  then  winding  thereon  the  second 
layer  3b  of  turns  in  the  opposite  direction,  and  so 
forth  until  the  coil  is  finished. 

As  distinct  therefrom,  Fig.  2  schematically  illus- 
trates  a  method  of  making  a  cellulose-free  coil, 
such  as  shown  in  Figs.  3  and  4,  in  accordance  with 
the  invention.  In  Fig.  2,  reference  numeral  4  again 
designates  a  mandrel,  numeral  5  refers  to  an 
applicator,  such  as  a  paint  roller,  numeral  6 
designates  a  winding  station,  numeral  7  indicates 
a  conductor,  such  as  enamelled  copper  wire, 
numeral  9  designates  a  gelling  station,  numeral 
10  indicates  the  direction  in  which  the  mandrel  4 
with  the  coil  structure  thereon  is  rotated  during  a 
coil  forming  operation,  and  numeral  17  indicates 
an  insulating  coating  applied  by  means  of  the 
applicator  5.  As  mentioned  hereinbefore,  the  gel- 
ling  station  9  may  comprise  any  suitable  radiation 
source,  such  as  an  infra-red  or  ultraviolet  or 
electron  beam  unit,  but  preferably  comprises  an 
ultraviolet  radiation  source. 

Fig.  2  shows  the  coil  forming  operation  at  an 
advanced  stage.  From  Fig.  3  it  is  seen  that  the 
whole  coil  forming  operation  of  this  embodiment 
comprises  the  steps  of  providing  an  insulating 
substrate  13  upon  the  mandrel  4;  forming  upon 
the  substrate  13  a  first,  e.g.  low-voltage,  winding 
by  applying,  as  the  mandrel  is  turning,  several 
layers  15  of  insulated,  e.g.  enamelled,  conductor 
strip  first  upon  the  insulating  substrate  13  and 
then  one  upon  the  other;  forming  a  gelled  insulat- 
ing  coating  17  upon  the  winding  15;  helically 
winding,  as  shown  in  Fig.  2,  preferably  insulated, 
e.g.  enamelled,  conductor  wire  7  upon  the  gelled 
coating  17  from  one  coil  end  to  the  other  so  as  to 
form  a  layer  of  conductor  turns  19  as  part  of  a 
second,  e.g.  high-voltage,  winding;  forming  a 
gelled  insulating  coating  21  upon  this  turns  layer 
19;  helically  winding  upon  the  coating  21  a  layer 
of  turns  23  from  the  same  wire  as  above  but 
proceeding  in  the  opposite  axial  direction;  and 
covering  the  turns  layer  23  with  an  insulating 
coating  25,  preferably  likewise  gelled.  The  insulat- 
ing  coatings  17, 21  and  25  are  shown  in  Fig.  3  as 
forming  overlaps  17',  21'  and  25',  respectively, 
which  cover  the  edges  of  the  respective  under- 
lying  winding  15  and  winding  layers  19, 23  at  both 

ends  of  the  coil  so  as  to  provide  maximum 
protection  from  arc-overs  between  the  edges  of 
adjacent  windings  or  winding  portions. 

The  substrate  13  on  the  mandrel  4  may  be  a 
tubular  member  preformed  from  a  suitable  resin- 
ous  material  and  slipped  onto  the  mandrel  or  it 
may  be  an  insulating  coating  formed  in  the  same 
manner  as  the  coatings  17  and  21  and,  preferably, 
also  the  coating  25,  namely  by  applying  the 
insulating  material  as  a  viscous  liquid  by  means 
of  the  applicator  5  (Fig.  2),  and  instantly  gelling 
the  applied  liquid  insulation  through  irradiation 
received  as  it  is  being  carried  past  the  gelling 
station  9  by  the  mandrel  4  rotating  in  the  direction 
of  the  arrow  10. 

The  thickness  of  each  insulation  coating  13,17, 
21  or  25  may  vary,  depending  upon  such  para- 
meters  as  the  required  insulating  or  dielectric 
strength  of  the  coating,  its  mechanical  strength, 
and  the  like;  and  the  various  coatings  may  be 
formed  as  single-layer  coatings  or  as  multi-layer 
coatings,  depending  upon  overall  coating  thick- 
ness  desired,  the  viscosity  of  the  liquid  insulation 
to  be  applied,  coil  winding  speed,  and  the  like. 

A  multi-layer  coating  is  formed,  as  the  mandrel 
4  is  turning,  by  applying  several  relatively  thin 
layers  of  liquid  insulation  one  upon  the  other  by 
means  of  the  applicator  5,  and  instantly  gelling 
them  at  the  gelling  station  9,  one  such  liquid  layer 
of  insulation  being  applied  and  gelled  during  each 
revolution  of  the  mandrel.  For  instance,  there  may 
be  5  to  10  liquid  layers,  each  about  40  mils  (1.0 
mm)  thick,  wound  upon  each  other  and  resulting 
in  a  coating  having  a  thickness  of  about  from  0 . 2  
to  0.4  inch  (5.0  to  10.0  mm),  or  there  may  be  30  to 
50  liquid  layers,  each  about  4  mils  (0.1  mm)  thick, 
wound  upon  each  other  and  resulting  in  a  coating 
having  a  thickness  of  from  0.1  to  0.2  inch  (3.0  to 
5.0 mm). 

Building  up  such  insulating  coating  from  thin 
layers  of  liquid  insulation  each  wound  upon  the 
other  and  instantly  gelled  offers  a  significant 
advantage  insofar  as  the  liquid  insulation  thus 
applied  in  thin  layers  will  readily  flow  into  and 
thus  eliminate  any  spaces  between  adjacent  con- 
ductor  portions,  and  any  holes  and  voids,  and  will 
completely  cover  and  effectively  isolate  small 
contaminants  such  as  might  be  present  and  as 
would  reduce  the  breakdown  strength  of  the 
finished  coating.  Of  course,  even  though  the 
insulation  is  applied  layer  upon  layer,  it  will  be 
understood  that  applying  it  as  a  liquid  and  just 
gelling,  instead  of  curing,  the  latter  before  the 
next  layer  is  applied  will  yield  a  coating  that  is  not 
stratified  but  is  dense  and  homogeneous.  Thus, 
the  term  "multilayer"  used  herein  as  part  of  the 
expression  "multi-layer  coating"  is  to  be  con- 
strued  as  referring  to  the  manner  of  applying  the 
coating  and  not  to  the  structure  of  the  finished 
coating. 

If  desired,  extra  insulation  can  be  provided 
between  the  conductor-strip  layers  15  of  the  first 
winding  by  applying  to  the  pre-insulated  conduc- 
tor  strip,  as  it  is  being  wound  in  place,  a  liquid 
layer  of  insulation  by  means  of  the  applicator  5 



(Fig.  2),  and  instantly  gelling  the  liquid  layer,  thus 
applied,  through  irradiation  received  at  the  gel- 
ling  station  9. 

It  should  be  noted  also  that  even  though  the 
first  winding  is  shown  in  the  embodiment  of  Fig.  3 
as  wound  spirally,  i.e.,  as  layer-wound,  from  con- 
ductor  strip,  it  could  be  formed  from  a  conductor 
wire  wound  helically  in  a  similar  manner  as 
shown  in  Fig.  2;  and  that,  furthermore,  the  second 
winding,  although  shown  herein  as  helically 
wound  from  wire,  could  be  formed  from  con- 
ductive  strip  material  layer-wound  in  a  similar 
manner  as  the  first  winding  15  of  the  illustrated 
embodiment.  Of  course,  the  particular  number  of 
conductor  layers  15  and  turns  layers  19,  23  em- 
ployed  in  this  embodiment  likewise  must  not  be 
considered  as  limiting,  having  regard  to  the  scope 
of  the  invention. 

The  insulation  overlaps  17',  21'  and  25'  may  be 
formed  independently  of  the  respective  coatings 
17,  21,  25  by  applying  insulation  to  the  opposite 
edges  of the  winding  15  and  each  turns  layer  19  or 
23  as  the  winding  or  turns  layer  is  formed,  and 
instantly  gelling  the  applied  edge  insulation  in  a 
similar  manner  as  explained  in  connection  with 
the  insulating  coatings. 

As  an  alternative  which  may  be  preferred,  the 
overlaps,  such  as  17',  21'  and  25'  can  be  formed 
concurrently  with  the  respective  insulating  coat- 
ings  17, 21  and  25,  simply  by  applying  an  excess 
of  insulation  beyond  the  opposite  edges  of  the 
associated  winding  or  turns  layer  and  lapping  it, 
the  overlaps  thus  formed  being  gelled,  of  course, 
together  with  the  remaining  part  of  the  coating. 

As  seen  from  Figs.  3  and  4,  provision  for 
cooling  ducts  can  be  readily  made  by  winding 
into  the  outer  insulating  coating  25  a  strip  or 
strips  35  of  a  suitable  material  which  can  be 
removed  when  the  coil  structure  is  complete. 
Thus,  with  the  coating  25  formed  to  part  of  its 
desired  thickness,  the  strips  35  are  put  in  place 
thereon  at  the  desired  locations  and  then  are 
covered  with  more  insulation  as  the  mandrel  11 
continues  to  rotate.  When  the  coil  winding  oper- 
ation  is finished  and  the  coil  structure  is  complete, 
the  strips  35  are  removed  to  leave  ducts  for 
cooling  liquid,  such  as  transformer-oil,  to  pass 
therethrough.  A  suitable  material  of  which  the 
strips  35  may  be  made  is  polyethylene  which  can 
be  melted  out,  subsequently,  e.g.,  by  electrically 
energizing  the  finished  coil  prior  to  immersing  it 
in  a  coolant. 

Referring  now  to  Figs.  5,  6  and  7  of  the  draw- 
ings  which  are  partial  views  of  an  electric  coil 
formed  with  graded  insulation  in  accordance  with 
the  invention,  Fig.  5  shows  the  coil,  mounted  on  a 
mandrel  4,  as  comprising  conductor  turns  layers 
29a,  29b  and  29c  forming  portions  of  an  electric 
winding,  an  insulating  substrate  or  base  coating 
27a  on  the  mandrel,  graded  insulating  coatings 
27b  and  27c,  and  an  insulating  coating  34.  The 
conductor-turns  layers  29a-c,  wound  from  a 
single  conductor  7  (Fig.  6),  such  as  copper  wire, 
are  interconnected  at  the  thinner  ends  of  the 
graded  insulating  coatings  27b  and  27c  there- 

between  to  form  a  complete  winding.  It  will  be 
appreciated,  of  course,  that  the  invention  is  not 
limited  to  the  three  winding  portions  and  four 
insulating  coatings  shown  in  this  embodiment, 
the  number  of  windings  and  winding  portions, 
and  consequently  the  number  of  insulating  coat- 
ings,  depending  in  each  case  upon  the  kind  of  coil 
desired. 

Fig.  6  illustrates  a  method  of forming  a  coil  such 
as  shown  in  Fig.  5.  Except  for  the  step  of  insula- 
tion  grading,  this  method  is  similar  to  the  one 
previously  described  herein  in  connection  with 
forming  insulation  coatings  from  several  gelled 
liquid  layers  of  insulation  applied  one  upon  the 
other,  and  the  same  reference  numerals  are  used 
in  Fig.  6  as  in  Fig.  2  to  indicate  similar  elements 
performing  corresponding  functions,  such  as  the 
coil  former  or  mandrel  4,  the  insulation  applicator 
5,  and  the  gelling  station  9.  The  inner  and  outer 
insulating  coatings  27a  and  34  of  the  coil  shown 
in  Fig.  5  are  of  substantially  uniform  thickness 
throughout,  and  they  can  be  formed  in  the  same 
manner  as  hereinbefore  set  forth  in  connection 
with  the  previously  described  embodiment.  The 
following  description  will  be  limited  to  the  man- 
ner  of  forming  graded  insulation  coatings,  such 
as  the  coatings  27b  and  27c. 

Referring  in  this  context  to  Fig.  6  which  shows 
the  coil  forming  operation  at  a  stage  where  the 
turns  layer  29a  is  wound  in  place  upon  the 
insulating  coating  27a  and  the  insulating  coating 
27b  is  applied  upon  the  turns  layer  29a,  it  will  be 
seen  therefrom  that  provision  is  made  in  this 
embodiment  for  axial  relative  displacement  to 
occur  between  the  insulation  applicator  5  and  the 
coil  structure  as  the  liquid  insulation  is  being 
applied.  More  specifically,  the  applicator  5  is  seen 
as  advancing  in  the  same  axial  direction  as  the 
conductor-turns  winding  operation,  with  the  re- 
sult  that,  during  each  revolution  of  the  coil  former 
4,  the  applicator  5  applies  a  liquid  layer  of  insula- 
tion  (instantly  gelled  at  9)  to  cover  the  whole  of 
the  previously  applied  and  gelled  layer  and,  in 
addition,  at  least  one  still  exposed  conductor  turn 
of the  turns  layer  29a.  This  procedure  is  graphical- 
ly  illustrated  in  Fig.  7  wherein  the  lines,  such  as 
lines  27b,  and  27b2,  represent  the  various  layers 
of  liquid  insulation  applied  and  gelled  indivi- 
dually,  albeit  preferably  in  one  continuous  oper- 
ation.  Of  course,  it  will  be  appreciated  that,  even 
though  the  width  of  the  successively  applied 
layers  in  this  embodiment  is  shown  as  incremen- 
tally  increasing  (because  the  applicator  5  is 
assumed  to  advance  from  left  to  right,  as  viewed 
in  Figs.  6  and  7),  it  would  incrementally  decrease 
if  the  applicator  5  first  applied  liquid  insulation  to 
cover  the  whole  width  of  the  underlying  con- 
ductor-turns  layer,  and  then  advanced  toward  the 
left. 

Upon  the  insulating  coating  27b  thus  formed, 
the  wire  7  is  wound,  starting  at  the  thin  end  and 
proceeding  towards  the  thick  end  of  the  coating, 
to  form  the  turns  layer  29b,  upon  which  the 
graded  insulating  coating  27c  then  is  formed  in 
the  same  manner  as  described  with  respect  to  the 



coating  27b,  but  with  the  axial  relative  motion 
between  the  applicator  5  and  the  coil  structure 
reversed  in  order  to  form  the  coating  27c  with  a 
reverse  taper,  having  regard  to  the  previously 
formed  coating  27b. 

Next,  the  conductor-turns  layer  29c  is  wound  in 
place  upon  the  gelled  coating  27c,  and  then  the 
insulating  coating  34  is  formed  on  the  turns  layer 
29c,  preferably  by  means  of  the  same  applicator 
5,  however  arrested  in  its  axial  movement  and 
applying  several  layers  of  liquid  insulation  one 
upon  the  other  and  all  of  them  over  the  full  width 
of  the  coil,  as  the  latter  is  turning. 

It  will  be  appreciated  that  alternate  insulating 
coatings,  such  as  coatings  27a-c  and  34,  and 
conductor-turns  layers,  such  as  layers  29a-c,  can 
be  formed,  according  to  the  invention,  in  one  sub- 
stantially  continuous  winding  operation.  Further- 
more,  it  will  be  clear  from  the  above  that  the 
volume  of  insulation  in  a  coil  formed  as  described 
above  will  be  only  about  half  the  volume  of  a 
similarly  rated  coil  formed  in  accordance  with 
conventional  practice,  such  as  shown  in  Fig.  1, 
and  in  which  the  insulating  layers  between  con- 
ductor-turns  layers  are  of  uniform  thickness 
determined  by  the  region  of  maximum  dielectric 
stress. 

Turning  now  to  the  next  embodiment  of  the 
invention,  Fig.  8  shows,  as  mounted  on  a  mandrel 
or  coil  former  4  having  end  flanges  60  and  62,  a 
coil  structure  which  is  similar  to  the  one  of  Fig.  5 
in  that  it,  too,  comprises  conductor-turns  layers 
44a,  44b,  44c,  an  insulating  base  coating  or  sub- 
strate  42a,  an  insulating  outer  coating  50,  and 
graded  insulating  coatings  42b  and  42c  which  are 
relatively  thick  at  one  end,  such  as  at  68  or  76, 
respectively,  and  relatively  thin  at  the  other  end, 
such  as  at  70  or  78,  respectively. 

The  coil  structure  of  Fig.  8  differs  from  the  one 
of  Fig.  5  by  the  manner  in  which  its  insulating 
coatings  are  formed  or,  rather,  the  kind  of  ap- 
plicator  employed  in  applying  them.  Referring  in 
this  context  to  Figs.  9  to  15,  Fig.  9  shows  the  base 
coating  42a  as  being  applied  upon  the  mandrel  4 
from  a  nozzle  54  which  has  a  rectangular  cross- 
section  (Fig.  12),  and  from  which  liquid  insulating 
material  42,  preferably  a  cross-linkable  viscous 
resin,  is  extruded  onto  the  surface  of  the  mandrel 
4  as  the  latter  is  turning  in  the  direction  of  the 
arrow  10.  The  insulating  material,  as  extruded,  is 
assumed  in  this  embodiment  to  be  thick  enough 
to  form  the  coating  42a  having  the  required  thick- 
ness  with  one  complete  turn  of  the  mandrel, 
whereupon  the  material  42  is  severed  at  the 
nozzle  so  that  the  leading  and  trailing  ends  of  the 
viscous  liquid  layer  thus  applied  will  abut  and 
merge  in  each  other  so  as  to  form  a  continuous 
coating  42a.  Of  course,  here  again  the  viscosity  of 
the  resin  42  extruded  from  the  nozzle  54  is  chosen 
such  as  to  minimize  undesirable  flow  of  the  resin 
until  it  is  gelled  at  the  gelling  station  represented 
by  the  ultra-violet  radiator  58. 

Onto  the  gelled  insulating  coating  42a,  a  con- 
ductor,  e.g.,  enamelled  wire,  is  wound  from  left  to 
right,  as  viewed  in  Fig.  8,  to  form  the  turns  layer 

44a  upon  which  the  insulating  coating  42b  then  is 
applied,  as  seen  from  Fig.  10,  in  a  similar  manner 
as  described  above  in  connection  with  the  coating 
42a.  However,  now  a  nozzle  64  is  being  used 
which  has  a  generally  triangular  or  trapezoidal 
opening  66  (see  Fig.  13)  which  imparts  to  the 
insulating  material  42  extruded  therethrough  the 
desired  tapered  or  wedge-like  cross-sectional 
configuration  to  grade  the  coating  42b  so  that  it  is 
relatively  thick,  as  at  68,  at  one  end  and  relatively 
thin,  as  at  70,  at  the  other.  The  isometric  view  of 
Fig.  15  shows  in  greater  detail  how  the  dielectric 
material  42  is  extruded  from  the  nozzle  64  and 
onto  the  conductor-turns  layer  44a  with  which  it  is 
shown  to  be  substantially  coextensive.  Of  course, 
this  single-layer  insulating  coating  42b  also  is 
instantly  gelled  by  radiation  from  the  source  58 
(Fig.  10)  as  the  rotating  mandrel  4  is  carrying  it 
therepast. 

With  the  mandrel  4  continuing  to  rotate,  the 
conductor-turns  layer  44b  is  wound  upon  the 
graded  and  gelled  insulating  coating  42b  from 
right  to  left,  as  viewed  in  Fig.  8,  whereupon  a 
nozzle  72  (Fig.  11)  for  applying  the  insulating 
coating  42c  is  brought  into  position.  This  nozzle 
72  has  a  generally  triangular  or  trapezoidal  open- 
ing  74  (Fig.  14)  just  like  the  opening  of  the  nozzle 
64  but  180°  displaced  relative  thereto  so  that  the 
coating  42c,  when  applied,  likewise  will  have  its 
relatively  thick  end  or  edge  76  disposed  where  the 
dielectric  stress  between  the  turns  layers  44b  and 
44c  is  greatest,  and  will  have  its  thin  end  or  edge 
78  disposed  where  the  dielectric  stress  between  is 
low.  The  winding  operation  continues,  with  the 
turns  layer  44c  being  wound  in  place  upon  the 
gelled  coating  42c  from  left  to  right,  as  viewed  in 
Fig. 8. 

It  will  be  understood  that  additional  conductor- 
turns  layers  and  graded  insulating  coatings  may 
be  applied,  if  required,  but  from  the  purpose  of 
illustration  it  is  assumed  that  the  layer  44c  com- 
pletes  the  electric  winding  and  is  covered  with  an 
insulating  coating,  i.e.,  coating  50,  which  is  ap- 
plied  in  a  similar  manner  as  the  base  coating  42a, 
namely,  by  extruding  it  from  the  rectangular 
nozzle  54  shown  in  Fig.  12.  Of  course,  each 
insulating  coating  is  gelled  as  it  passes  through 
the  gelling  station  represented  by  the  ultraviolet 
radiator  58. 

Another  method  of  achieving  insulation  grad- 
ing  is  shown  in  Figs.  16  and  17,  wherein  all 
insulating  coatings  are  applied  by  extrusion  from 
the  nozzle  54  with  the  rectangular  openings,  and 
the  coatings  42b  and  42c  are  graded  by  means  of 
a  scraper  or  blade  80  disposed  at  an  appropriate 
angle  or  having  a  beveled  cutting  edge  82  to  trim 
the  extruded  viscous  material  42  into  the  desired 
triangular  or  trapezoidal  cross-sectional  shape  by 
removing  the  excess  material,  as  indicated  at  84. 

Figs.  18, 19  and  20  show  an  arrangement  which 
is  very  similar  to  the  one  in  Figs.  16  and  17,  except 
that  the  blade  80  and,  consequently,  the  gelling 
station  58  are  spaced  farther  from  the  nozzle  54 
circumferentially  about  the  coil  structure,  having 
regard  to  the  rotational  direction  10  of  the  man- 



drel  4,  and  that  Fig.  20  shows  the  electric  winding 
as  comprising  only  two  turns  layers  44a  and  44b 
instead  of  three,  as  shown  in  Fig.  8,  and  with  the 
layer  44b  sloping  and  covered  with  an  insulating 
coating  92  which  has  a  tapered  cross-section  to 
adapt  to  the  slope  of  the  turns  layer  44b  and  to 
uniform  outer  coil  dimension. 

1.  A  method  of  forming  an  electric  coil  structure 
including  the  steps  of  applying  a  coating  of  a 
flowable  insulation  material  upon  a  substrate  and 
winding  a  conductor  layer  upon  said  coating,  and 
repeating  these  steps  as  often  as  required  to 
provide  the  desired  number  of  conductor  layers, 
characterized  in  that  said  step  of  applying  the 
coating  comprises  applying  a  liquid  insulation 
material  upon  the  substrate  and  gelling  the  liquid 
coating  to  a  firmness  sufficient  to  support  a 
conductor  winding. 

2.  A  method  according  to  claim  1,  characterized 
in  that  said  conductor  is  a  pre-insulated  strip-like 
conductor  wound  spirally  upon  said  gelled 
coating. 

3.  A  method  according  to  claim  1,  characterized 
in  that  said  conductor  is  a  strip-like  conductor, 
and  that  a  liquid  coating  of  insulation  is  applied  to 
the  strip-like  conductor,  and  is  instantly  gelled,  as 
the  conductor  is  being  wound  spirally  in  place. 

4.  A  method  according  to  claim  1,  characterized 
in  that  successive  layers  of  conductor  turns  are 
alternately  wound  axially  in  opposite  directions 
such  that  each  turns  layer  intermediate  two  other 
turns  layers  is  directly  connected  at  one  end  to  the 
preceding  turns  layer  and,  at  its  opposite  end,  is 
connected  to  the  next-following  turns  layer,  the 
gelled  liquid  coating  of  insulation  between  each 
pair  of  adjacent  turns  layers  being  applied  in  such 
manner  as  to  have  a  thickness  which  gradually 
increases  from  the  directly  connected  ends  of  said 
adjacent  turns  layers  toward  the  separated  ends 
thereof. 

5.  A  method  according  to  claim  4,  characterized 
in  that  the  gelled  coating  between  each  pair  of 
adjacent  turns  layers  is  formed  by  applying  and 
instantly  gelling  liquid  layer  of  insulation  upon 
liquid  layer  in  a  manner  such  as  to  cause  the 
width  of  the  individual  insulation  layers,  as 
measured  from  the  separated  ends  of  the  adja- 
cent  turns  layers  towards  the  connected  ends 
thereof,  to  change  incrementally  from  insulation 
layer  to  successive  insulation  layer. 

6.  A  method  according  to  claim  5,  characterized 
in  that  said  liquid  layers  are  applied  by  means  of 
an  applicator,  and  are  instantly  gelled,  simul- 
taneously  with  rotating  and  coil  and  with  effecting 
axial  relative  movement  between  the  latter  and 
the  applicator. 

7.  A  method  according  to  any one  of  claims  1  to 
6,  characterized  in  that  said  liquid  coating  of 
insulation  is  extruded  from  a  nozzle. 

8.  A  method  according  to  claim  7,  characterized 
in  that  said  nozzle  has  an  opening  shaped  to  cor- 
respond  to  the  desired  cross-section  of  the  ap- 

plied  coating  of  insulation. 
9.  A  method  according  to  any one  of  claims  1  to 

8,  characterized  in  that  liquid  overlaps  of  said 
insulation  are  formed  and  instantly  gelled  upon 
the  axially  outer  edges  of  each  winding  formed 
from  the  conductor. 

10.  A  method  according  to  any one  of  claims  1 
to  9,  characterized  by  the  steps  of  introducing,  in 
the  applied  insulation,  strips  of  a  material  capable 
of  being  subsequently  removed,  and  of  removing 
said  strips  upon  completion  of  the  coil  structure 
to  form  cooling  ducts  in  the  insulation. 

11.  A  method  according  to  claim  10,  charac- 
terized  in  that  said  material  is  polyethylene,  and 
that  said  strips  are  melted  out  of  the  insulation 
through  the  application  of  heat. 

12.  A  method  according  to  any one  of  claims  1 
to  11,  characterized  in  that  the  liquid  insulation  is 
applied  and  instantly  gelled,  and  the  conductor  is 
wound  in  place,  in  a  substantially  continuous 
winding  operation  during  which  the  coil  structure 
is  repeatedly  rotated  sequentially  past  an  insula- 
tion  applicator,  a  gelling  station,  and  a  conductor 
winding  station. 

13.  A  method  according  to  any one  of  claims  1 
to  12,  characterized  in  that  said  insulation  is  a 
cross-linkable  liquid  resin. 

14.  A  method  according  to  claim  13,  charac- 
terized  in  that  said  liquid  resin  is  an  unfilled  resin 
and  is  instantly  gelled  through  irradiation. 

15.  A  method  according  to  any  of  one  of  claims 
1  to  14,  characterized  in  that  the  liquid  insulation 
is  applied  having  a  viscosity  just  high  enough  to 
prevent  undesirable  flow  of  the  applied  liquid 
insulation  before  gelling. 

1.  Procédé  de  fabrication  d'une  structure  de 
bobinage  électrique  comprenant  le  stade  d'appli- 
cation  d'un  revêtement  de  matière  isolante  li- 
quide  sur  un  substrat  et  le  stade  d'enroulement 
d'une  couche  conductrice  sur  ce  revêtement,  et  la 
répétition  de  ces  stades  autant  de  fois  qu'il  est 
nécessaire  pour  constituer  le  nombre  désiré  de 
couches  conductrices,  caractérisé  en  ce  que  le 
stade  d'application  du  revêtement  comprend 
l'application  d'une  matière  isolante  liquide  sur  le 

subs t ra t   et  la  gélification  du  revêtement  liquide  à 
un  degré  de  fermeté  suffisant  pour  supporter  un 
enroulement  conducteur. 

2.  Procédé  suivant  la  revendication  1,  carac- 
térisé  en  ce  que  le  conducteur  est  un  conducteur 
en  forme  de  bande  pré-isolée,  enroulé  en  spirale 
sur  le  revêtement  gélifié. 

3.  Procédé  suivant  la  revendication  1,  carac- 
térisé  en  ce  que  le  conducteur  est  un  conducteur 
en  forme  de  bande,  et  en  ce  que  le  revêtement 
liquide  isolant  est  appliqué  sur  ce  conducteur  en 
forme  de  bande,  et  est  instantanément  gélifié 
pendant  que  le  conducteur  est  enroulé  en  spirale 
sur  place. 

4.  Procédé  suivant  la  revendication  1,  carac- 
térisé  en  ce  que  les  couches  successives  de  spires 
conductrices  sont  alternativement  enroulées 



axialement  en  sens  opposés,  en  sorte  que  chaque 
couche  de  spires,  interposée  entre  deux  autres 
couches  de  spires,  est  directement  connectée,  à 
une  extrémité,  à  la  couche  précédente  de  spires 
et,  à  l'extrémité  opposée,  est  connectée  à  la 
couche  suivante  de  spires,  le  revêtement  liquide 
gélifié  d'isolation  entre  chaque  paire  de  couches 
de  spires  adjacentes  étant  appliqué  de  manière  à 
avoir  une  épaisseur  qui  augmente  progressive- 
ment  à  partir  des  extrémités  directement  con- 
nectées  des  couches  de  spires  adjacentes  jusqu'à 
leurs  extrémités  séparées. 

5.  Procédé  suivant  la  revendication  4,  carac- 
térisé  en  ce  que  le  revêtement  gélifié,  placé  entre 
chaque  paire  de  couches  de  spires  adjacentes,  est 
formé  par  application  et  gélification  instantanée 
d'une  couche  liquide  d'isolation  sur  une  couche 
liquide  de  manière  à  ce  que  l'épaisseur  des 
couches  individuelles  d'isolation,  mesurée  à  par- 
tir  des  extrémités  séparées  des  couches  de  spires 
adjacentes,  soit  amenée  à  varier  incrémentielle- 
ment  d'une  couche  d'isolation  à  la  couche  d'isola- 
tion  suivante. 

6.  Procédé  suivant  la  revendication  5-  3rac- 
térisé  en  ce  que  ces  couches  liquides  sont  appli- 
quées  au  moyen  d'un  applicateur,  et  sont  in- 
stantanément  gélifiées,  en  même  temps  que  le 
bobinage  tourne  et  que  se  produit  un  déplace- 
ment  axial  relatif  entre  le  bobinage  et  l'applica- 
teur. 

7.  Procédé  suivant  l'une  quelconque  des  reven- 
dications  1  à  6,  caractérisé  en  ce  que  le  revête- 
ment  liquide  d'isolation  est  extrudé  d'une  buse. 

8.  Procédé  suivant  la  revendication  7,  carac- 
térisé  en  ce  que  cette  buse  a  une  ouverture  dont  la 
forme  correspond  à  la  section  transversale  dési- 
rée  du  revêtement  isolant  appliqué. 

9.  Procédé  suivant  l'une  quelconque  des  reven- 
dications  1  à  8,  caractérisé  en  ce  que  les  recouvre- 
ments  liquides  d'isolation  sont  formés  et  gélifiés 
instantanément  sur  les  bords  axialement  exté- 
rieurs  de  chaque  enroulement  formé  à  partir  du 
conducteur. 

10.  Procédé  suivant  l'une  quelconque  des 
revendications  1  à  9,  caractérisé  en  ce  qu'il  com- 
prend  les  stades  d'introduction,  dans  l'isolant 
appliqué,  de  bandes  de  matière  pouvant  être  ulté- 
rieurement  éliminées,  et  d'élimination  de  ces 
bandes  après  achèvement  de  la  structure  du 
bobinage  afin  de  former  des  canaux  de  re- 
froidissement  de  l'isolant. 

11.  Procédé  suivant  la  revendication  10,  carac- 
térisé  en  ce  que  cette  matière  est  le  polyéthylène, 
et  en  ce  que  ces  bandes  sont  éliminées  de 
l'isolant  par  fusion,  au  moyen  d'une  application 
de  chaleur. 

12.  Procédé  suivant  l'une  quelconque  des 
revendications  1  à  11,  caractérisé  en  ce  que 
l'isolant  liquide  est  appliqué  et  instantanément 
gélifié,  et  en  ce  que  le  conducteur  est  enroulé  en 
place,  en  une  opération  d'enroulement  sensible- 
ment  continue  pendant  laquelle  la  structure  du 
bobinage  est  mise  en  rotation  de  façon  répétée 
afin  de  passer  successivement  devant  un  applica- 
teur  d'isolant,  un  poste  de  gélification  et  un  poste 

d'enroulement  de  conducteur. 
13.  Procédé  suivant  l'une  quelconque  des 

revendications  1  à  12,  caractérisé  en  ce  que 
l'isolant  est  une  résine  liquide  réticulée. 

14.  Procédé  suivant  la  revendication  13,  carac- 
térisé  en  ce  que  la  résine  liquide  est  une  résine 
sans  charge  de  remplissage,  et  en  ce  qu'elle  est 
instantanément  gélifiée  par  irradiation. 

15.  Procédé  suivant  l'une  quelconque  des 
revendications  1  à  14,  caracterisé  en  ce  que 
l'isolant  liquide  appliqué  a  une  viscosité  juste 
assez  élevée  pour  éviter  tout  écoulement  indési- 
rable  de  l'isolant  liquide  appliqué  avant  gélifica- 
tion. 

1.  Verfahren  zur  Herstellung  einer  elektrischen 
Spulenkonstruktion  mit  den  Schritten  des  Auf- 
bringens  eines  Überzugs  aus  "inem  fließfähigen 
Isolationsmaterial  auf  ein  Substrat  und  Wickeln 
einer  Leiterlage  auf  diesem  Überzug,  wobei  diese 
Schritte  so  oft  wiederholt  werden,  wie  es  zur  Her- 
stellung  der  gewüngschten  Anzahl  von  Leiter- 
lagen  erforderlich  ist,  dadurch  gekennzeichnet, 
daß  der  Schritt  des  Aufbringens  des  Überzugs 
das  Auftragen  eines  flüssigen  Isolationsmaterials 
auf  das  Substrat  und  das  Gelieren  des  flüssigen 
Überzugs  bis  auf  eine  zur  Aufnahme  einer  Leiter- 
wicklung  ausreichende  Steifigkeit  umfaßt. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daß  der  Leiter  ein  vorisolierter  streifen- 
artiger  Leiter  ist,  der  spiralig  auf  den  gelierten 
Überzug  aufgewickelt  wird.. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daß  der  Leiter  ein  streifenartiger  Leiter 
ist  und  daß  ein  flüssiger  Überzug  aus  Isolations- 
material  auf  den  streifenartigen  Leiter  auf- 
gebracht  und  sofort  geliert  wird,  während  der 
Leiter  spiralförmig  aufgewickelt  wird. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daß  aufeinanderfolgende  Leiterwick- 
lungslagen  jeweils  abwechselnd  gegensinnig 
axial  aufgewickelt  werden,  so  daß  jede 
Wicklungslage,  die  zwischen  zwei  anderen  Wick- 
lungslagen  gelegen  ist,  an  ihrem  einen  Ende  mit 
der  vorhergehenden  Wicklungslage  und  an  ihrem 
anderen  Ende  mit  der  nächstfolgenden 
Wicklungslage  direkt  verbunden  ist,  und  daß  der 
gelierte  flüssige  Überzug  aus  Isolatiönsmaterial 
zwischen  jeweils  zwei  aufeinanderfolgenden 
Wicklungslagen  derart  aufgebracht  ist,  daß  seine 
Dicke  von  den  direkt  miteinander  verbundenen 
Enden  dieser  beiden  Wicklungslagen  aus  zu  ihren 
nicht  miteinander  verbundenen  Enden  hin  all- 
mählich  zunimmt. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daß  der  gelierte  Überzug  zwischen  je- 
weils  zwei  aufeinanderfolgenden  Wicklungslagen 
durch  Schicht-auf-Schicht-Auf-bringen  des  flüssi- 
gen  Isolationsmaterial  derart  erfolgt,  daß  die  Brei- 
ten  der  einzelnen  Isolationsschichten,  von  den 
nicht  verbundenen  Enden  der  aufeinander- 
folgenden  Wicklungslagen  zu  deren  verbundenen 
Enden  hin  gemessen,  sich  stufenweise  von 



Isolationsschicht  zu  Isolationsschicht  ändert. 
6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 

zeichnet,  daß  die  Flüssigkeitsschichten  mittels 
einer  Auftragvorrichtung  aufgebracht  und  sofort 
geliert  werden,  während  gleichzeitig  die  Spule 
gedreht  wird  und  eine  relative  Axialverschiebung 
zwischen  der  Spule  und  der  Auftragvorrichtung 
stattfindet. 

7.  Verfahren  nach  einem  der  Ansprüche  1  bis  6, 
dadurch  gekennzeichnet,  daß  der  flüssige  Über- 
zug  aus  Isolationsmaterial  aus  einer  Düse  extru- 
diert  wird. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  daß  die  Düse  eine  entsprechend  der  ge- 
wünschten  Querschnittsform  des  aufgebrachten 
Isolationsüberzugs  geformte  Düsenöffnung  auf- 
weist. 

9.  Verfahren  nach  einem  der  Ansprüche  1  bis  8, 
dadurch  gekennzeichnet,  daß  auf  den  axial 
außenliegenden  Rändern  jeder  Leiterwicklungs- 
lage  Überlappungen  der  Isolationsflüssigkeit  ge- 
bildet  und  sofort  geliert  werden. 

10.  Verfahren  nach  einem  der  Ansprüche  1  bis 
9,  gekennzeichnet  durch  die  Schritte  des  Ein- 
führens  von  Streifen  eines  nachfolgend  wieder 
entfernbaren  Materials  in  die  aufgebrachte  Isola- 
tion  und  des  Entfernens  dieser  Streifen  nach 
Fertigstellung  der  Spulenkonstruktion  zwecks  Bil- 
dung  von  Kühlkanälen  in  der  Isolation. 

11.  Verfahren  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  daß  das  genannte  Material  Poly- 
äthylen  ist  und  daß  die  Streifen  durch  Anwen- 
dung  von  Wärme  aus  der  Isolation  aus- 
geschmolzen  werden. 

12.  Verfahren  nach  einem  der  Ansprüche  1  bis 
11,  dadurch  gekennzeichnet,  daß  das  Aufbringen 
und  sofortige  Gelieren  der flüssigen  Isolation  und 
das  Aufwickeln  des  Leiters  im  Zuge  eines  im 
wesentlichen  kontinuierlichen  Wicklungs- 
vorgangs  erfolgt,  während  welchem  die  Spulen- 
konstruktion  wiederholt  nacheinander  an  einer 
Isolationsaufbringvorrichtung,  einer  Gelierstation 
und  einer  Leiterwicklungsstation  vorbeigedreht 
wird. 

13.  Verfahren  nach  einem  der  Ansprüche  1  bis 
12,  dadurch  gekennzeichnet,  daß  das  Isolations- 
material  ein  quervernetzbares  flüssiges  Harz  ist. 

14.  Verfahren  nach  Anspruch  13,  dadurch  ge- 
kennzeichnet,  daß  das  flüssige  Harz  ein  füllstoff- 
freies  Harz  ist  und  durch  Bestrahlung  sofort  ge- 
liert  wird. 

15.  Verfahren  nach  einem  der  Ansprüche  1  bis 
14,  dadurch  gekennzeichnet,  daß  die  flüssige 
Isolation  mit  einer  gerade  ausreichend  hohen 
Viskosität  aufgebracht  wird,  um  ein  uner- 
wünschtes  Fließen  der  aufgebrachten  flüssigen 
Isolation  vor  dem  Gelieren  zu  vermeiden. 


















	bibliography
	description
	claims
	drawings

