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©  Longitudinally  contoured  conductor  for  inductive  electrical  devices. 

(@jy  An  improved  conductor  for  an  inductor  device  of 
the  type  having  varying  current  carrying  require- 
ments  along  the  length  of  the  conductor,  the  im- 
provement  comprising  having  the  conductor  con- 
toured  such  that  the  cross  sectional  area  of  the 
conductor  varies  substantially  directly  as  the  current 
carrying  requirements  of  the  conductor  vary.  In  one 
embodiment,  a  coil  for  a  variable  transformer  is  cut 
from  a  cylinder  of  conductor  material  by  numerically 
controlled  machine,  producing  a  contoured  conduc- 
tor  and  eliminating  the  requirement  for  coiling  or 
winding  of  the  conductor. 
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LONGITUDINALLY  CONTOURED  COIL  FOR  INDUCTIVE  ELECTRICAL  DEVICES 

bAUKoHUUND  Uh  inc  INVENTION 

1  .  Field  of  the  Invention. 

The  present  invention  is  related  to  inductive 
electrical  devices  in  which  there  is  a  varying  cur- 
rent  density,  and  more  particular  to  a  longitudinally 
contoured  conductor  for  such  devices  which  mini- 
mi2es  the  quantity  of  required  conductor  material. 

z.  uacKgrouna  Art 

Inductive  electrical  devices  are  well  known  and 
widely  used  in  electrical  systems  as  energy  trans- 
fer  or  storage  elements  and  include,  for  example, 
variable  transformers  and  certain  types  of  choke 
coils  and  reactors  in  which  a  coiled  conductor 
induces  a  voltage  in  itself  or  another  coil,  fre- 
quently  in  association  with  a  paramagnetic  flux- 
carrying  material. 

The  conductors  of  such  devices  are  typically 
formed  of  round,  rectangular,  or  square  conductors 
with  the  conductor  in  any  such  device  having  a 
uniform  cross  section  substantially  throughout  its 
length.  The  current  handling  requirements  in  a  con- 
ductor  in  such  devices  may  change  with  respect  to 
the  position  in  the  conductor;  however,  by  using 
constant  cross-section  conductors,  the  coils  are 
designed  to  withstand  the  maximum  currents 
throughout  the  coil  when,  in  actuality,  only  certain 
portions  of  the  coil  carry  the  maximum  currents. 
This  conventional  configuration  wastes  conductor 
material  and  results  in  a  device  that  is  heavier  and 
arger  than  need  be  for  the  current  carried. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  overcomes  the  above 
imitations  of  conventional  devices  by  providing  a 
:oii  for  an  inductive  device  that  is  longitudinally 
:ontoured  so  that  is  has  maximum  cross  sectional 
irea  in  those  sections  where  maximum  current  is 
carried  and  lesser  cross  sectional  areas,  propor- 
ional  to  the  current  carrued,  in  other  sections  of 
he  coil.  A  suggested  method  of  producing  such  a 
:oil  also  results  in  a  greatly  simplified  manufactur- 
ng  process. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  is  a  graph  of  current  versus  coil 
position  for  a  typical  variable  transformer. 

5  Figure  2  is  a  graph  showing  an  improved 
coil  cross  sectional  for  the  variable  transformer  of 
Figure  1  according  to  the  present  invention. 

Figure  3  shows  material  used  and  saved 
over  conventional  construction  in  the  variable  trans- 

70  former  of  Figure  2. 
Figure  4  is  a  view  of  a  coil  constructed 

according  to  the  present  invention. 

75  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

Referring  to  the  Drawings,  Figure  1  is  a  graph, 
for  a  typical  variable  transformer,  of  the  maximum 

20  current  handling  requirement  of  the  transformer  coil 
versus  the  turn  position  on  the  coil.  Curves  are 
shown  for  both  constant  current  load  operation  and 
constant  impedance  load  operation.  For  constant 
current  load  operation,  it  is  seen  that,  at  the  begin- 

25  ning  of  the  coil,  the  current  is  at  its  maximum, 
drops  to  about  one-half  maximum,  and  then  rises 
to  and  remains  at  maximum  along  the  last  20 
percent  of  the  coil.  For  constant  impedance  load 
operation,  the  current  is  at  a  low  level  along  the 

30  first  half  of  the  coil-  and  then  rises  along  the  rest  of 
the  coil. 

Figure  2  shows  how  a  coil  might  be  contoured, 
in  accordance  with  the  present  invention,  for  the 
transformer  requirements  shown  on  Figure  1.  The 

35  contouring  indicated  satisfies  the  requirements  for 
both  constant  current  and  constant  impedance  load 
conditions.  At  the  beginning  of  the  coil,  the  cross 
sectional  area  is  relatively  large  to  handle  constant 
current  load  conditions,  drops  to  a  lower  level  when 

jo  the  current  is  relatively  low  under  either  load  con- 
dition,  and  then  rises  to  its  maximum  toward  the 
end  of  the  coil  to  handle  the  maximum  current 
under  constant  impedance  load  operation. 

Figure  3  is  Figure  2  shaded  to  show  coil  ma- 
is  terial  saved  in  a  coil  in  accordance  with  the  present 

invention  over  conventional  construction.  The  lower, 
shaded  area  shows  the  relative  amount  of  coil 
material  used  in  a  coil  contoured  in  accordance 
with  the  invention,  and  the  upper,  shaded  area 

>o  shows  the  relative  amount  of  coil  material  saved 
over  a  standard  coil.  It  follows  that  the  entire  shad- 
ing  shows  the  relative  amount  of  material  used  on 
a  standard  coil.  For  the  design  under  construction, 
there  is  a  savings  of  about  20  percent  in  coil 
material. 
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rigure  4  snows  a  con  constructed  in  accor- 
dance  with  the  present  invention  and  includes  a 
conductor  10  on  the  surface  of  a  tube  of  insulating 
material  11.  Beginning  at  the  left  end  of  the  coil  10, 
section  "A"  begins  with  relatively  wide  coil  turns 
decreasing  to  the  minimum  width  section  "B".  the 
width  of  the  coil  turns  increases  through  section 
"C"  to  the  maximum  width  coil  turns  in  section  "D" 
at  the  right  end  of  the  coil  10.  The  contouring  is 
substantially  shown  on  Figure  2. 

The  coil  may  be  cut  from  a  solid  tube  of 
electrical  grade  copper.  Prior  to  cutting  the  con- 
toured  turns,  the  coil  is  stabilized  by  threading  the 
inside  diameter  of  the  copper  tube,  screwing  it  onto 
the  outside  diameter  of  a  threaded  tube  of  the 
insulating  material  11,  and  bonding  these  two 
pieces  together.  The  bonding  may  be  achieved  by 
vacuum  impregnating  the  assembly  with  transform- 
er  varnish,  thus  thoroughly  stabilizing  the  future 
coil.  After  this  stabilization  process  has  been  com- 
pleted,  the  coil  is  cut  from  the  copper  tube  by  a 
numerically  controlled  machine.  Numerically  con- 
trolled  machining  can  easily  vary  the  pitch  of  the 
:uts  made  through  the  copper  tube,  thus  achieving 
the  desired  coil  conductor  width  variances  through 
simple  numerically  controlled  programming. 

The  completed  coil,  stabilized  on  the  insulating 
tube,  requires  very  little  finish  machining.  The  pro- 
c u r e   also  allows  an  accurate  brush  guide  to  be 
sasily  machined  into  the  coil,  if  the  coil  is  of  the 
ype  requiring  a  contact  brush. 

In  addition  to  having  an  economical  coil,  an- 
Dther  advantage  to  the  present  invention  is  in  elimi- 
nating  complicated  manufacturing  processes  and 
;ostly  tooling.  Specifically,  it  eliminates  the  need 
or  winding/coiling  rectangular  or  square  wire  and 
tie  complicated  process  of  accurately  positioning 
and  stabilizing  turns  of  the  transformer's  coil. 

While  the  present  invention  has  been  de- 
scribed  as  applied  to  a  conductor  in  the  form  of  a 
:ylindrical  helix,  it  will  be  understood  that  it  is 
ipplicable  to  other  inductor  devices  with  other 
shapes  of  conductors  such  as  toroids.  It  will  also 
>e  understood  that  it  is  not  necessary  that  the  coil 
>e  mounted  on  an  insulating  tube. 

It  will  be  understood  that  what  has  been  dis- 
posed  is  a  novel  current  conductor  for  inductor 
ievices  of  the  type  having  varying  current  densities 
ilong  the  conductor,  the  conductor  having  a  con- 
oured  cross  section  such  that  the  cross  sectional 
irea  of  the  conductor  varies  substantially  directly 
is  the  current  carrying  requirements  of  the  conduc- 
or  vary. 

Since  certain  changes  may  be  made  in  carry- 
ing  out  the  above  invention  without  departing  from 
the  scope  thereof,  it  is  intended  that  all  matter 
contained  in  the  above  description  or  shown  in  the 

5  accompanying  Drawing  shall  be  interpreted  as  il- 
lustrative  and  not  in  a  limiting  sense. 

It  is  also  intended  that  the  following  Claims  are 
intended  to  cover  all  of  the  generic  and  specific  ^  
features  of  the  invention  herein  described,  and  all 

io  statements  of  the  scope  of  the  invention  which,  as 
a  matter  of  language,  might  be  said  to  fall  there- 
between. 

75  Claims 

1  .  An  induction  device  having  a  conductor  with 
varying  current  carrying  requirements  along  the 
length  of  the  conductor,  characterised  by  having 

20  the  conductor  contoured  such  that  the  cross  sec- 
tional  area  of  the  conductor  varies  substantially 
directly  as  the  current  carrying  requirements  of  the 
conductor  vary. 

2.  An  induction  device  according  to  claim  1, 
25  wherein  the  conductor  comprises  a  cylindrical  he- 

lix. 
3.  An  induction  device  according  to  claim  2 

wherein  the  cylindrical  helix  is  formed  from  a  cyl- 
inder  of  conductive  material. 

?o  4.  An  induction  device  according  to  claim  3 
wherein  the  cylinder  of  conductive  material  is 
mounted  on  an  insulating  tube  prior  to  forming  the 
helix. 

5.  An  induction  device  according  to  claim  4 
?5  wherein  the  helix  is  formed  by  cutting  the  cylinder 

of  conductive  material  in  a  numerically  controlled 
machine. 

u 
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