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(54)  Ignition  coil 

(57)  An  ignition  coil  (1)  has  a  cylindrical  case  (100) 
for  directly  mounting  on  a  spark  plug.  The  case  100 
accommodates  a  transformer  unit  (5)  which  includes  a 
primary  coil  (516)  wound  around  a  primary  spool(514), 
a  secondary  coil  (512)  wounded  around  a  secondary 
spool  (510)  and  a  plurality  of  magnetic  circuit  members 
(502,  504,  506)  therein  hermetically.  The  primary  spool 
and  the  secondary  spool  have  supporting  members 
(514a,  510a)  respectively.  When  they  are  assembled,  the 
magnetic  circuit  members  are  retained  between  the 
spools  automatically.  The  spools  have  insulating  mem- 
bers  (51  4f,  51  Of)  interposed  between  the  magnetic  cir- 
cuit  members  and  a  lead  of  the  primary  coil  at  an  upper 
portion  of  the  coil  to  increase  the  creepage  distance 
between  members  connected  respectively  to  the  sec- 
ondary  coil  and  the  primary  coil. 
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Description 

CROSS  REFERENCE  TO  RELATED  APPLICATION 

The  present  application  is  based  on  and  claims  pri-  s 
ority  from  Japanese  Patent  Applications  Hei  6-229378 
filed  on  September  26,  1994,  Hei  6-229379  filed  on  Sep- 
tember  26,  1994  and  Hei  7-1  1901  filed  on  January  27, 
1  995,  the  contents  of  which  are  incorporated  herein  by 
reference.  to 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 
15 

The  present  invention  relates  to  an  ignition  coil  for 
supplying  high  tension  electric  voltage  to  spark  plugs  for 
an  internal  combustion  engine. 

2.  Description  of  the  Related  Art  20 

A  common  conventional  ignition  coil  has  a  center 
iron  core,  and  a  primary  coil  and  a  secondary  coil  are 
wound  around  the  center  iron  core.  The  center  iron  core 
is  usually  a  closed  magnetic  circuit  type  which  prevents  25 
magnetic  flux  from  leaking  out.  Such  iron  core  is  some- 
times  provided  with  a  small  gap  and/or  a  permanent 
magnet  connected  in  series  therewith. 

The  ignition  coil  may  be  mounted  on  an  engine,  a 
spark  plug  or  another  place  according  to  circumstances.  30 
U.  S.  Patent  5,101,803  (which  corresponds  to  Japanese 
Unexamined  Patent  Publication  Hei  3-15431  1)  patented 
to  the  same  assignee  of  this  application  discloses  an 
ignition  coil  which  is  mounted  on  a  spark  plug  directly. 

However,  the  ignition  coil  disclosed  in  U.  S.  Patent  35 
5,101,803  needs  complicated  manufacturing  steps 
because  permanent  magnets  and  other  members  are 
disposed  in  its  magnetic  circuit.  Insulating  oil  filled  in  its 
case  may  not  cover  entire  portions  where  high  tension 
voltage  is  applied  when  the  ignition  coil  is  mounted,  for  40 
instance,  on  a  V-engine  with  an  inclination  angle.  Thus, 
the  dielectric  strength  of  the  ignition  coil  decreases  espe- 
cially  that  between  the  central  core  and  a  portion  of  the 
primary  coil  and  engine  troubles  may  be  expected. 

U.  S.  Patent  4,61  7,907  (which  corresponds  to  Jap-  45 
anese  National  Publication  of  PCT  Application  Sho  60- 
501961)  discloses  an  ignition  coil  which  has  a  case 
accommodating  a  primary  coil,  a  secondary  coil  and 
insulating  oil.  The  insulating  oil  is  filled  through  a  small 
opening  at  a  bottom  portion  of  the  case  after  the  coils  so 
are  inserted  in  the  case  from  an  upper  open  end  of  the 
case  which  is  thereafter  sealed  with  thermosetting  resin. 

However,  the  above  structure  needs  complicated 
manufacturing  process,  thereby  causing  high  production 
costs.  55 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  made  in  view  of  the  above 
mentioned  circumstances,  and  has  a  main  object  of  pro- 
viding  an  improved  ignition  coil  which  has  a  simple  struc- 
ture  and  high  reliability. 

Another  object  of  the  present  invention  is  to  provide 
an  improved  ignition  coil  which  has  a  pair  of  spools  and 
an  iron  core  unit  with  magnets  retained  automatically  by 
the  spools  when  assembled  together. 

A  further  object  of  the  present  invention  is  to  provide 
an  improved  ignition  coil  which  has  a  plurality  of  magnetic 
members,  a  primary  coil,  a  secondary  coil  and  their 
spools  soaked  in  insulating  oil  therein. 

A  still  further  object  of  the  present  invention  is  to  pro- 
vide  an  ignition  coil  which  has  means  to  increase  the 
creepage  distance  between  the  magnetic  members  and 
the  primary  coil. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other  objects,  features  and  characteristics  of  the 
present  invention  as  well  as  the  functions  of  related  parts 
of  the  present  invention  will  become  clear  from  a  study 
of  the  following  detailed  description,  the  appended 
claims  and  the  drawings.  In  the  drawings: 

Fig.  1  ,  Fig.  1  A  and  Fig.  1  B  combined  together  are  a 
cross-sectional  side  view  illustrating  an  ignition  coil 
according  to  a  first  embodiment  of  the  present  inven- 
tion; 
Fig.  2  is  a  cross-sectional  side  view  illustrating  an 
iron  core  unit  of  the  ignition  coil  according  to  the  first 
embodiment; 
Fig.  3  is  a  cross-sectional  side  view  illustrating  an 
assembly  of  the  iron  core  unit  and  a  second  spool 
of  the  ignition  coil  according  to  the  first  embodiment; 
Fig.  4  is  a  cross-sectional  side  view  illustrating  an 
assembly  of  a  primary  spool  and  the  assembly  illus- 
trated  in  Fig.  3; 
Fig.  5  is  a  cross-sectional  side  view  illustrating  an 
assembly  of  an  auxiliary  coil  and  the  assembly  illus- 
trated  in  Fig.  4; 
Fig.  6  is  a  cross-sectional  plan  view  of  the  ignition 
coil  cut  along  a  line  VI-VI  indicated  in  Fig.  5; 
Fig.  7  is  a  cross-sectional  view  illustrating  a  main 
part  of  an  ignition  coil  according  to  a  second  embod- 
iment  of  the  present  invention; 
Fig.  8  is  a  plan  view  of  a  main  part  of  a  cover  of  the 
ignition  coil  according  to  the  second  embodiment 
viewed  from  a  bottom  portion  of  the  part  illustrated 
in  Fig.  7; 
Fig.  9  is  a  cross-sectional  side  view  illustrating  a 
main  portion  of  an  ignition  coil  according  to  a  third 
embodiment  of  the  present  invention; 
Fig.  10  is  a  cross-sectional  side  view  illustrating  a 
cover  of  an  ignition  coil  according  to  a  fourth  embod- 
iment  of  the  present  invention; 
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Fig.  1  1  is  a  cross-sectional  view  illustrating  a  cover 
of  an  ignition  coil  according  to  a  fifth  embodiment  of 
the  present  invention; 
Fig.  12  cross-sectional  view  illustrating  a  cover  of  an 
ignition  coil  according  to  a  sixth  embodiment  of  the  5 
present  invention; 
Fig.  1  3  is  cross-sectional  view  illustrating  a  main  part 
of  an  ignition  coil  according  to  a  seventh  embodi- 
ment  of  the  present  invention; 
Fig.  1  4  is  a  plan  view  illustrating  an  upper  portion  of  u 
a  secondary  spool  of  the  ignition  coil  illustrated  in 
Fig  13; 
Fig.  15  is  a  plan  view  illustrating  a  primary  spool  of 
the  ignition  coil  viewed  from  a  direction  indicated  by 
an  arrow  B  in  Fig  13;  n 
Fig.  1  6  is  a  plan  view  illustrating  the  primary  and  the 
secondary  spools  of  the  ignition  coil  viewed  from  a 
direction  indicated  by  an  arrow  B  in  Fig  13; 
Fig.  17  is  a  cross-sectional  side  view  illustrating  a 
main  portion  of  an  ignition  coil  used  for  discussion;  2t 
Fig.  18  is  a  plan  view  illustrating  a  secondary  spool 
of  an  ignition  coil  according  to  an  eighth  embodiment 
of  the  present  invention; 
Fig.  19  is  a  cross-sectional  side  view  illustrating  an 
ignition  coil  according  to  a  ninth  embodiment  of  the  21 
present  invention; 
Fig.  20  is  a  cross-sectional  side  view  illustrating  a 
main  portion  of  an  ignition  coil  according  to  a  tenth 
embodiment  of  the  present  invention. 
Fig.  21  is  a  cross-sectional  side  view  illustrating  a  3< 
sealing  portion  of  an  ignition  coil  according  to  a  elev- 
enth  embodiment  of  the  present  invention;  and 
Fig.  22  is  a  cross-sectional  side  view  illustrating  a 
sealing  portion  of  an  ignition  coil  according  to  a  tenth 
embodiment  of  the  present  invention.  3t 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Preferred  embodiments  of  the  present  invention  will  4t 
be  described  with  reference  to  appended  drawings. 

Figs.  1A  and  1B  illustrate  an  ignition  coil  according 
to  a  first  embodiment  of  the  present  invention.  Fig.  1A 
shows  an  upper  portion  of  the  ignition  coil  and  Fig.lB 
shows  the  other  portion  thereof.  The  ignition  coil  is  41 
mounted  to  an  engine  head  cover  or  cylinder  head  and 
connected  directly  to  a  spark  plug  installed  to  an  engine 
as  disclosed  in  U.  S.  Patent  5,  101  ,803. 

A  case  1  00  is  made  of  a  resinous  insulating  material 
and  has  a  connector  member  3  to  be  connected  to  a  plug  st 
(not  shown).  The  case  100  is  generally  cylindrical,  how- 
ever  it  may  be  polygonal.  A  transformer  unit  5  and  a  pri- 
mary  current  switching  circuit  7  are  disposed  in  the  inside 
1  02  of  the  case  100,  and  an  input  signal  connector  9  and 
a  bracket  1  1  are  formed  on  an  upper  portion  of  the  case  st 
100.  The  bracket  11  is  to  be  fixed  to  a  head  cover  of  an 
engine  by  a  bolt  or  the  like  (not  shown).  A  cylindrical  por- 
tion  1  04  is  formed  in  the  connector  member  3  to  hold  the 
spark  plug,  and  a  plug  cap  13  made  of  rubber  is  fitted  to 

the  open  end  of  the  cylindrical  portion  1  04.  A  conductive 
metal  cup  15  is  insert-molded  into  a  bottom  of  the  cylin- 
drical  portion  1  04  to  divide  the  inside  1  02  of  the  case  and 
the  cylindrical  portion  1  04  hermetically.  A  bottom  portion 
of  the  case  has  an  annular  ring  which  is  slightly  greater 
in  diameter  than  the  rest  so  that  it  may  not  fall  out  from 
the  cylinder  portion  104.  A  coil  spring  17  is  disposed  in 
the  cylindrical  portion  and  its  one  coil  end  is  held  within 
the  annular  ring  of  the  metal  cup  1  5.  When  the  cylindrical 
portion  1  04  is  placed  on  a  spark  plug,  the  coil  spring  1  7 
makes  electric  contact  with  the  spark  plug  by  itself.  A 
step  portion  1  06  is  formed  at  the  inside  1  02  of  the  case 
1  00  adjacent  to  the  cup  1  5.  The  input  signal  connector 
9  is  formed  integrally  with  the  case  1  00  along  with  three 
connector  pins  19  which  are  insert-molded  therein  and 
extending  through  the  case  100. 

The  bracket  1  1  is  formed  integrally  with  the  case  100 
with  a  metal  collar  21  insert-molded  therein.  A  cover  23 
made  of  resinous  material  is  disposed  on  an  upper  end 
of  the  case  100.  An  annular  groove  108  is  formed  on  the 
upper  end  of  the  case  100  to  receive  an  O-ring  25,  with 
which  a  gap  between  the  case  1  00  and  the  cover  23  is 
sealed  hermetically. 

The  transformer  unit  5  in  the  inside  102  of  the  case 
100  has  an  iron  core  502,  permanent  magnets  504  and 
506,  and  an  auxiliary  core  508. 

The  iron  core  502  is  a  stack  of  low  iron-loss  silicon 
steel  plates.  The  permanent  magnets  504  and  506  are 
magnetized  in  a  direction  opposite  the  magnetic  flux  gen- 
erated  by  a  primary  coil  51  6  (to  be  described  later)  of  the 
transformer  when  energized  and  are  respectively  fixed 
to  both  ends  of  the  iron  core  502  by  adhesive  tapes  (not 
shown). 

The  transformer  unit  5  also  has  a  secondary  coil 
spool  (hereinafter  referred  to  as  the  secondary  spool) 
510,  a  secondary  coil  512  wound  around  the  secondary 
spool  510,  a  primary  coil  spool  (hereinafter  referred  to 
as  the  primary  spool)  514  and  the  primary  coil  516 
wound  around  the  primary  spool  514. 

The  secondary  spool  510  is  made  of  a  cylindrical 
resinous  mold  which  has  flange  members  at  both  ends 
thereof  and  has  a  bottom  support  member  510a.  The 
bottom  support  member  510a  generally  closes  the  bot- 
tom  portion  of  the  secondary  spool  51  0  and  supports  the 
magnet  506  and  the  iron  core  502  disposed  in  the  inside 
102.  The  secondary  spool  510  has  a  projection  510b 
which  extends  axially  from  the  bottom  support  member 
51  0a  and  abuts  the  step  portion  1  06  and  has  a  projection 
510c  which  extends  radially  from  the  bottom  support 
member  510a.  Both  projections  510b  and  510c  position 
the  secondary  spool  510  in  the  inside  102  of  the  case 
1  00  accurately. 

A  terminal  plate  33  is  fixed  to  the  bottom  support 
member  510a  and  a  lead  end  of  the  secondary  coil  512 
is  connected  to  the  terminal  plate  33,  to  which  a  coil 
spring  27  is  secured  in  contact  with  the  cup  1  5.  The  high 
tension  voltage  induced  in  the  secondary  coil  51  2  is  sup- 
plied  to  the  spark  plug  through  the  terminal  plate  33,  the 
coil  spring  27,  the  cup  15  and  the  coil  spring  17. 
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The  primary  spool  514  is  made  of  a  cylindrical  res- 
inous  mold  which  has  flanges  on  both  ends  thereof  and 
an  upper  support  member  514a.  The  upper  support 
member  514  generally  closes  the  upper  portion  of  the 
primary  spool  51  4.  The  primary  spool  51  4  is  placed  from  5 
above  to  be  disposed  around  the  secondary  spool  510 
so  that  the  permanent  magnet  506,  the  iron  core  502  and 
the  permanent  magnet  504  in  that  order  are  sandwiched 
by  the  bottom  support  member  510a  and  the  upper  sup- 
port  member  51  4a.  A  groove  51  4b  is  formed  at  a  lower  j< 
open  end  of  the  primary  spool  51  4  and  receives  the  pro- 
jection  510c  of  the  secondary  spool  510  snugly  so  that 
the  secondary  spool  510  and  the  primary  spool  514  are 
positioned  accurately  in  the  radial  direction  thereof.  The 
projection  51  0c  and  the  groove  51  4b  are  bonded  by  heat-  u 
ing  their  resinous  material. 

The  upper  support  member  514a  has  a  projection 
51  4c  extending  radially  therefrom  and  fitted  into  a  groove 
1  1  0  formed  on  an  upper  portion  of  the  case  1  00,  posi- 
tioning  the  radial  direction  of  the  primary  spool  51  4.  The  2t 
projection  514c  and  the  groove  1  10  are  bonded  by  heat- 
ing  their  resinous  material. 

A  plurality  of  terminals  are  connected  respectively 
to  both  ends  of  the  primary  coil  51  6  and  to  an  end  of  the 
secondary  coil  512.  They  are  held  in  the  upper  support  21 
member  514a  and  further  connected  to  the  connector 
pins  19  and  the  primary  current  switching  circuit  7  which 
is  held  on  the  upper  support  member  514a.  The  switch- 
ing  circuit  7  has  tree  leads,  which  are  soldered  to  the 
connector  pins  19  and  the  terminals  held  on  the  upper  3< 
support  member  514a.  The  switching  circuit  7  includes 
a  power  switching  transistor  and  other  circuit  elements 
composing  an  igniter  which  are  integrally  molded  with 
resinous  material.  A  separate  heat  sink  702  is  bonded  to 
the  cover  23.  3; 

The  auxiliary  core  508  is  disposed  around  the  outer 
periphery  of  the  primary  spool  514  from  the  upper  mag- 
net  504  to  the  lower  magnet  506  and  is  held  between 
both  flanges  of  the  primary  spool  51  4.  The  auxiliary  core 
508  is  made  of  a  cylindrical  silicon  steel  plate  having  a  4t 
longitudinal  air  gap  or  a  slit.  Insulating  oil  29  fills  the 
inside  102  of  the  case  100  to  a  level  illustrated  in  Fig.  1  , 
leaving  small  space  at  the  upper  portion  thereof.  When 
the  insulating  oil  29  is  poured  from  the  open  end  of  the 
case  100,  it  enters  the  bottom  open  end  of  the  primary  4t 
spool  514  through  an  opening  51  4d  formed  in  the  upper 
support  member  514a,  an  upper  open  end  of  the  sec- 
ondary  spool  510  and  opening  51  Od  formed  in  an  outer 
periphery  of  the  bottom  portion  of  the  secondary  spool 
510  and  covers  entire  surfaces  of  the  primary  and  sec-  st 
ondary  coils  516  and  512  and  other  portions  where  high 
tension  voltage  is  applied.  Since  the  insulating  oil  29  fills 
in  the  ignition  coil  according  to  the  first  embodiment, 
every  space  and  member  necessary  for  insulation  can 
be  protected  with  ease.  Assembling  process  of  the  igni-  si 
tion  coil  according  to  the  first  embodiment  will  be 
described  along  with  detailed  description  of  parts  and 
components  next. 

Fig.  3  through  Fig.  6  illustrate  respective  assembling 
steps  of  the  transformer  unit  5.  The  iron  core  502,  which 
is  composed  of  thin  silicon-steel-plates  having  different 
width  to  form  a  column,  and  the  permanent  magnets  504 
and  506  are  wrapped  by  tapes  31  at  both  ends  of  the 
core  502  as  shown  in  Fig.2  and  form  an  iron  core  unit. 

The  iron  core  unit  is  inserted  inside  the  secondary 
spool  510  as  shown  in  Fig.  4.  The  secondary  coil  512  is 
wound  around  the  secondary  spool  51  0  beforehand.  The 
secondary  spool  510  has  a  small  slant  surface  at  a  cor- 
ner  of  the  flange  extending  radially  from  a  spool  surface 
which  is  longitudinally  inside  the  flange  of  the  spool  to  a 
radially  outside  surface  of  the  flange.  A  first  turn  of  the 
secondary  coil  512  starts  at  the  bottom  of  the  slant  sur- 
face  (longitudinally  inside  the  flange)  and  wound  up 
around  the  slant  surface  to  form  a  small  slant  coil  section 
at  a  corner  between  the  spool  and  the  flange.  Then  the 
next  coil  section  is  piled  on  the  preceding  coil  section 
starting  from  the  top  of  the  first  coil  section  at  the  flange, 
and  the  same  step  follows  from  the  bottom  of  the  second 
coil  section  until  a  complete  secondary  coil  is  formed. 
The  slant  winding  coil  is  effective  to  decrease  the  voltage 
difference  between  the  windings  and  increase  the  insu- 
lation  reliability. 

Three  fastening  plates  51  Oe  are  disposed  at  an 
equal  interval  on  the  inner  periphery  of  the  bottom  sup- 
port  member  510a.  The  fastening  plates  51  Oe  have 
inclined  surfaces  before  they  are  molded  with  resinous 
material  and  are  deformed  by  edges  of  the  permanent 
magnet  506  when  assembled  so  that  they  hold  the  mag- 
net  506  in  place. 

The  terminal  plate  33,  which  is  secured  to  the  bottom 
support  member  510a  and  connected  to  the  spring  27, 
is  further  connected  to  the  secondary  coil  512. 

The  primary  spool  51  4  is  then  assembled  to  the  sec- 
ondary  spool  510  as  shown  in  Fig.  4.  The  primary  coil 
516  is  wound  around  the  primary  spool  514  and  the  ter- 
minal  35  is  secured  to  a  surface  of  the  upper  support 
member  514a  beforehand.  Three  fastening  plates  51  4e 
extend  at  an  equal  interval  from  the  inner  periphery  of 
the  upper  support  member  51  4a  in  the  same  manner  as 
the  fastening  plates  51  Oe  disposed  at  the  bottom  support 
member  510a.  They  have  inclined  surfaces  before  they 
are  molded  and  deformed  by  edges  of  the  magnet  504 
when  assembled  so  that  they  hold  the  magnet  504  in 
place. 

After  they  are  assembled,  the  inner  periphery  of  the 
open  end  of  the  primary  spool  51  4  and  the  outer  periph- 
ery  of  the  bottom  support  member  510a  are  partially 
heated  and  bonded  at  portions  37  and  39  shown  in  Fig. 
4.  Thus  the  iron  core  unit  composed  of  the  iron  core  502, 
the  magnets  504  and  506  are  sandwiched  by  the  spools 
510  and  514. 

Then,  the  auxiliary  core  508  is  disposed  around  the 
primary  spool  514,  as  shown  in  Fig.  5,  to  form  the  trans- 
former  unit  5. 

The  auxiliary  core  508  has  a  slit  508a  illustrated  in 
Fig.  6.  The  slit  508a  reduces  the  eddy  current  generated 
in  the  circumferential  direction. 
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The  transformer  unit  5  is  inserted  into  the  case  1  00 
from  the  open  end  thereof,  and  an  outer  periphery  of  the 
upper  support  member  514a  and  an  inner  periphery  of 
the  case  1  00  are  partially  melted  by  heating  and  bonded 
together.  5 

Subsequently,  the  leads  of  the  switching  circuit  7  are 
soldered  to  the  respective  terminals  and  the  insulating 
oil  29  is  poured  into  the  case  1  00  and  the  cover  23  is 
fitted  to  the  open  end  of  the  case  100.  The  cover  23  has 
an  arm  member  which  engages  a  nail  member  formed  n 
on  the  open  end  of  the  case  100.  The  cover  23  is  also 
bonded  to  the  open  end  of  the  case  100  hermetically. 

The  iron  core  unit  described  above  includes  one  iron 
core  and  two  magnets,  however  two  iron  cores  and  a 
magnet  disposed  between  them  can  be  substituted  n 
therefor.  Iron  cores  other  than  columnar  core,  such  as 
having  polygonal  cross-section  or  a  polygonal  pipe  may 
be  used.  It  may  be  substituted  by  a  coil  of  silicon  steel 
wire  too.  The  internal  auxiliary  core  508  may  be  replaced 
with  an  outer  auxiliary  core.  2t 

The  primary  spool  51  4  can  be  secured  by  the  cover 
23  by  a  spring  interposed  between  the  cover  23  and  the 
spool  514  instead  of  the  bonding  the  spool  514  and  the 
case.  The  secondary  spool  51  0  can  be  disposed  around 
the  primary  spool  514,  contrary  with  the  above  embodi-  21 
ment.  One  of  the  primary  and  the  secondary  spools  51  0 
and  514  may  be  molded  integrally  with  the  case  100.  In 
this  case,  the  primary  coil  or  secondary  coil  is  molded 
with  resinous  material  beforehand  and  inserted  to  the 
case  thereafter.  3t 

The  aluminum  heat  sink  702  of  the  switching  circuit 
7  may  be  molded  with  the  cover  23.  In  this  case,  the 
switching  circuit  7  and  the  heat  sink  702  are  to  be  dis- 
posed  in  contact  with  each  other. 

When  the  ignition  coil  according  to  the  first  embod-  3t 
iment  is  laid  on  its  side  to  be  installed  to  an  engine,  an 
air  vessel  is  formed  in  the  cover  to  trap  air  bubbles  so 
that  they  may  not  enter  the  secondary  coil  or  the  second- 
ary  spool. 

The  core  unit  including  the  permanent  magnets  and  4t 
iron  core  may  be  held  between  the  cover  and  the  one  of 
the  spools. 

An  ignition  coil  according  to  a  second  embodiment 
will  be  described  with  reference  to  Fig.  7  and  Fig.  8,  next. 

The  same  reference  numerals  used  in  the  following  41 
figures  illustrating  various  embodiments  indicate  the 
same  or  equivalent  portions  or  parts  as  in  the  figures 
illustrating  the  first  embodiment  and  detailed  descrip- 
tions  are  omitted. 

A  cover  41  for  the  case  1  00  of  this  embodiment  has  st 
a  pillar  410a  to  hold  the  iron  core  unit  including  the  mag- 
net  504  between  it  and  the  bottom  support  member 
510a.  The  pillar  410a  has  a  cylindrical  concave  410b, 
whose  internal  diameter  is  a  little  greater  than  the  exter- 
nal  diameter  of  the  magnet  504.  A  plurality  of  projections  st 
41  0c,  as  shown  in  figure  8,  extend  from  the  inner  periph- 
ery  of  the  cylindrical  concave  410b  as  the  fastening 
plates  51  4e  of  the  first  embodiment  so  as  to  hold  the 

magnet  by  deforming  when  the  magnet  is  inserted  into 
the  concave  410b. 

A  primary  spool  518  of  the  second  embodiment  is 
almost  the  same  as  that  of  the  first  embodiment  except 
an  opening  518a  for  receiving  the  pillar  410a  instead  of 
the  upper  support  member  514a  of  the  first  embodiment 
and  the  switching  circuit  (reference  numeral  7  in  the  first 
embodiment)  which  is  disposed  outside  the  case  100 
and  connected  to  the  primary  coil  through  the  connector 
9. 

In  assembling,  the  primary  spool  51  8  is  inserted  into 
the  secondary  spool  510  to  form  a  coil  unit,  which  is 
inserted  into  the  case  100  and,  subsequently,  the  iron 
core  unit  is  inserted  into  primary  spool  510  from  the 
opening  518a.  Then,  the  insulating  oil  29  is  poured  into 
the  case  1  00  and  the  cover  41  and  the  O-ring  25  are  put 
on  the  open  end  of  the  case  100. 

An  ignition  coil  according  to  a  third  embodiment  will 
be  described  with  reference  to  Figs.  9. 

In  this  ignition  coil,  a  stainless  steel  cover  23  has  a 
disk  portion  230  a  cylindrical  portion  232  and  a  bent  por- 
tion  234.  The  open  end  of  the  case  1  00  is  provided  with 
a  step  portion  109,  which  the  bent  portion  234  of  the 
cover  23  engages.  The  bent  portion  234  holds  the  step 
portion  1  09  after  the  cover  23  is  fitted  to  the  open  end  of 
the  case  100. 

An  ignition  coil  according  to  a  fourth  embodiment  will 
be  described  with  reference  to  Fig.  10. 

A  stainless  steel  cover  40  has  a  shallow  inner  cylin- 
drical  portion  402  which  has  a  bottom  400  extends  to  the 
inside  of  the  case  1  00  near  the  heat  sink  702,  an  annular 
portion  404,  an  outer  cylindrical  portion  406  which 
extends  along  the  outer  periphery  of  the  case's  open  end 
and  a  bent  portion  408  which  holds  the  step  portion  1  09. 

Since  the  cover  40  is  reinforced  by  the  shallow  cylin- 
drical  portion  402,  more  reliable  sealing  is  ensured  and 
a  thin  plate  may  be  used  for  the  cover  40.  For  instance, 
a  0.4  mm-thick  stainless-steel  -plate  may  be  used  as  the 
cover  according  to  the  fourth  embodiment,  while  a  0.7 
mm-thick  stainless-steel  -plate  is  necessary  in  the  third 
embodiment.  In  addition,  since  the  bottom  402  is  dis- 
posed  near  the  heat  sink  702  of  the  switching  circuit  7, 
heat  dissipation  of  the  heat  sink  is  improved. 

A  fifth  embodiment  will  be  described  with  reference 
to  Fig.  1  1  next. 

An  O-ring  26  is  disposed  on  a  step  portion  formed 
on  an  inner  shoulder  of  the  open  end  of  the  case  100  to 
be  in  contact  with  the  outer  periphery  of  the  cylindrical 
portion  402.  Therefore,  even  if  the  cover  is  pressed 
upward  due  to  pressure  increase,  the  sealing  effect  does 
not  change. 

A  sixth  embodiment  will  be  described  next  with  ref- 
erence  to  Fig.  12. 

Although  the  same  cover  40  is  used,  liquid  gasket 
material  is  coated  on  inside  surfaces  of  the  inner  cylin- 
drical  portion  402,  the  annular  portion  404  and  the  outer 
cylindrical  portion  406  to  fill  the  space  between  the  cover 
40  and  the  open  end  of  the  case  1  00  instead  of  the  O- 
ring  25  or  26  of  the  previous  embodiments. 
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The  coating  of  the  gasket  material  reduces  the  man- 
ufacturing  cost  and  time. 

Sealing  members  other  than  the  O-ring  or  the  coat- 
ing  of  liquid  gasket  is  also  available.  For  instance,  a  pack- 
ing  plate.  Radial  ribs  may  be  formed  in  the  cover  40  to  s 
increase  the  rigidity.  The  inner  cylindrical  portion  of  the 
cover  40  may  have  a  bulged  ring  so  that  it  can  engage 
an  annular  groove  formed  on  the  inner  surface  of  the 
open  end  of  the  case  100.  A  heat  conduct  material  may 
be  interposed  between  the  heat  sink  702  and  the  cover  10 
(23  or  40).  They  may  be  located  in  direct  contact  with 
each  other. 

An  ignition  coil  according  to  a  seventh  embodiment 
will  be  described  with  reference  to  Fig.  13  through  Fig. 
16.  15 

Labyrinth  members  51  Of  and  51  4f  are  formed  coax- 
ially  on  upper  ends  of  the  secondary  spool  510  and  the 
primary  spool  514  to  increase  the  dielectric  strength  of 
the  ignition  coil  which  is  mounted  on  an  engine  with  an 
inclination  as  shown  in  Fig.  1  3.  Fig.  1  4  illustrates  the  sec-  20 
ondary  spool  before  it  is  assembled.  A  lead  51  2a  extends 
from  the  secondary  coil  512  between  two  longitudinal 
guides  51  Og  formed  on  an  outer  periphery  of  the  laby- 
rinth  member  51  Of  as  illustrated  in  Fig.  1  4.  The  lead  51  2a 
is  connected  to  a  terminal  20  of  the  primary  coil  51  6.  The  25 
upper  support  member  514a  has  openings  51  4d  and 
51  4g,  and  the  labyrinth  member  51  4f  extends  downward 
from  the  upper  support  member  514a  to  face  the  other 
labyrinth  member  51  Of  which  extends  upward  from  the 
upper  open  end  of  the  secondary  spool  510.  Outside  30 
diameter  of  the  labyrinth  51  4f  is  formed  slightly  smaller 
than  inside  diameter  of  the  labyrinth  51  Of  so  that  the  insu- 
lating  oil  29  infiltrate  between  them  by  capillarity.  That  is, 
the  labyrinth  members  51  Of  and  51  4f  are  interposed 
between  the  lead  512a  and  the  iron  core  502  (and  the  35 
magnet  504)  so  that  the  dielectric  strength  between  them 
is  increased. 

The  primary  spool  514  before  it  is  assembled  is 
shown  in  Fig.  15,  in  which  the  terminal  20  which  is  held 
on  the  upper  support  member  514a  is  also  shown.  Fig.  40 
16  illustrates  the  primary  spool  514  and  the  secondary 
spool  510  after  they  are  assembled.  The  opening  51  4g 
of  the  primary  spool's  support  member  514  is  located 
above  the  longitudinal  guides  51  Og  of  the  secondary 
spool's  labyrinth  member  51  Of  as  shown  in  Fig.  16  so  45 
that  the  lead  51  2a  passes  through  the  opening  51  4g  and 
connects  with  the  terminal  20. 

Fig.  17  illustrates  an  upper  portion  of  an  ignition  coil 
without  the  labyrinth  members  51  Of  and  51  4f  when  it  is 
mounted  on  an  engine  with  an  inclination.  Since  the  mag-  so 
net  member  504  is  disposed  near  the  secondary  coil,  a 
high  tension  voltage  is  induced  thereon  and  voltage  dif- 
ference  as  high  as  1  0  kV  is  generated  between  the  mag- 
net  504  and  the  lead  51  2.  If  the  magnet  504  and  the  lead 
51  2  are  exposed  to  a  space  C  above  the  level  29a  of  the  55 
insulating  oil  29,  the  dielectric  strength  between  them 
decreases  and  the  high  tension  voltage  may  leak  out 
through  the  lead  51  2a,  thereby  causing  engine  troubles. 

38  A1  10 

The  labyrinth  members  51  Of  and  51  4f  according  to 
the  seventh  embodiment  prevent  the  high  tension  volt- 
age  from  leaking  because  they  increase  the  creepage 
distance  between  the  magnet  504  and  the  leads  512a 
significantly  and  the  insulating  oil  29  is  retained  between 
the  labyrinth  members  51  Of  and  51  4f  by  capillarity.  The 
labyrinth  members  51  Of  and  51  4f  are  also  effective  to 
assemble  the  primary  spool  514  and  the  secondary 
spool  510  in  place. 

An  eighth  embodiment  is  illustrated  in  Fig.  18.  The 
labyrinth  members  51  Of  and  51  4f  of  the  seventh  embod- 
iment  are  replaced  by  a  wall  member  71  Of  which  extends 
longitudinally  from  the  secondary  spool  510.  The  lead 
512a  is  disposed  on  an  outer  periphery  of  the  wall  mem- 
ber  71  Of  at  a  side  opposite  the  magnet  504.  In  other 
words,  the  wall  member  is  interposed  between  the  mag- 
net  504  and  the  lead  512a.  Thus,  the  dielectric  strength 
is  ensured  with  a  simple  structure. 

An  ignition  coil  according  to  a  ninth  embodiment  will 
be  described  with  reference  to  Fig.  19.  The  labyrinth 
member  51  Of  of  the  seventh  embodiment  is  replaced 
with  a  cylindrical  member  81  Of  which  has  a  thicker  cylin- 
drical  wall  and  the  labyrinth  member  51  4f  of  the  seventh 
embodiment  is  omitted.  Therefore,  the  thicker  wall  is 
interposed  between  the  lead  512a  and  the  permanent 
magnet  504  and  the  creepage  distance  increases  signif- 
icantly. 

Any  other  insulating  member  instead  of  the  cylindri- 
cal  member  81  Of  can  be  used  if  it  increases  the  creepage 
distance  between  the  permanent  magnet  504  and  the 
lead  512a.  A  cylindrical  member  may  be  formed  on  the 
primary  spool  514  instead  of  the  member  81  Of. 

An  ignition  coil  according  to  a  tenth  embodiment  will 
be  described  with  reference  to  Fig.  20. 

The  ignition  coil  according  to  this  embodiment  is  a 
variation  of  that  of  the  seventh  embodiment.  Labyrinth 
members  51  Of,  51  4f  and  51  Oh  are  formed  on  the  upper 
portion  of  the  primary  and  secondary  spools  514  and 
510.  The  labyrinth  member  51  4f  which  extends  from  the 
primary  spool  514  is  disposed  between  the  labyrinth 
members  51  Of  and  51  Oh  which  extend  upward  from  the 
secondary  spool  510.  Therefore,  the  creepage  distance 
between  the  lead  512a  and  the  permanent  magnet  504 
is  increased  and  the  dielectric  strength  is  increased 
more. 

Fig.  21  illustrates  a  sealing  portion  including  a  cover 
of  an  ignition  coiil  according  to  a  eleventh  embodiment. 

An  outer  annular  groove  108b  is  formed  at  a  periph- 
eral  surface  of  the  open  end  of  the  case  1  00  when  the 
case  100  is  molded,  and  a  rubber  O-ring  25  is  disposed 
thereon.  A  cover  410  made  of  stainless  steel  is  fitted  to 
the  open  end  of  the  case  100  and  presses  the  O-ring  25 
against  open  end  of  the  case.  An  open  end  of  the  cover 
41  0  is  bent  and  wrap  a  jaw  portion  1  09  formed  under  the 
open  end  of  the  case  100.  Inner  diameter  of  the  O-ring 
25  before  it  is  put  in  the  groove  is  smaller  than  outer  diam- 
eter  of  an  annular  wall  1  08c  of  the  open  end  of  the  case 
100  so  that  the  O-ring  25  grips  the  wall  tightly  to  have 
high  sealing  effect. 
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According  to  the  above  structure,  the  stainless  cover 
41  0  absorbs  pressure  change  in  the  case  1  00.  Since  the 
O-ring  25  is  disposed  in  the  annular  groove  108b  formed 
on  the  open  end  of  the  case  100,  outer  diameter  of  the 
case  can  be  reduced. 

An  inner  annular  groove  108e  is  formed  at  an  inner 
peripheral  surface  of  the  open  end  of  the  case  1  00  when 
the  case  1  00  is  molded.  Outer  diameter  of  the  O-ring  25 
before  it  is  put  in  the  groove  is  greater  than  outer  diam- 
eter  of  an  annular  wall  108f  of  the  open  end  of  the  case 
100  so  that  the  O-ring  25  presses  the  wall  to  have  high 
sealing  effect. 

Fig.  22  illustrates  a  sealing  portion  including  a  cover 
of  an  ignition  coiil  according  to  a  twelfth  embodiment. 

In  the  foregoing  discussion  of  the  present  invention, 
the  invention  has  been  described  with  reference  to  spe- 
cific  embodiments  thereof.  It  will,  however,  be  evident 
that  various  modifications  and  changes  may  be  made  to 
the  specific  embodiments  of  the  present  invention  with- 
out  departing  from  the  broader  spirit  and  scope  of  the 
invention  as  set  forth  in  the  appended  claims.  Accord- 
ingly,  the  description  of  the  present  invention  in  this  doc- 
ument  is  to  be  regarded  in  an  illustrative,  rather  than  a 
restrictive,  sense. 

According  to  the  above  structure,  the  stainless  cover 
410  absorbs  pressure  change  in  the  case  100  and  the 
outer  diameter  of  the  case  1  00  can  be  reduced  for  the 
same  reasons  as  stated  above. 

An  ignition  coil  (1)  has  a  cylindrical  case  (100)  for 
directly  mounting  on  a  sparkplug.  The  case  100  accom- 
modates  a  transformer  unit  (5)  which  includes  a  primary 
coil  (51  6)  wound  around  a  primary  spool(51  4),  a  second- 
ary  coil  (512)  wounded  around  a  secondary  spool  (510) 
and  a  plurality  of  magnetic  circuit  members  (502,  504, 
506)  therein  hermetically.  The  primary  spool  and  the  sec- 
ondary  spool  have  supporting  members  (514a,  510a) 
respectively.  When  they  are  assembled,  the  magnetic 
circuit  members  are  retained  between  the  spools  auto- 
matically.  The  spools  have  insulating  members  (51  4f, 
51  Of)  interposed  between  the  magnetic  circuit  members 
and  a  lead  of  the  primary  coil  at  an  upper  portion  of  the 
coil  to  increase  the  creepage  distance  between  mem- 
bers  connected  respectively  to  the  secondary  coil  and 
the  primary  coil. 

Claims 

1  .  An  ignition  coil  (1  )  for  an  internal  combustion  engine 
comprising: 

a  iron  core  unit(  502,  504,  506)  including  a 
plurality  of  magnetic  members  (502,  504,  506); 

a  coil  unit  (5)  including  a  primary  coil  (516) 
wound  around  a  primary  spool  (514)  made  of  insu- 
lating  material,  and  a  secondary  coil  (512)  wound 
around  a  secondary  spool  (510)  made  of  insulating 
material  ;  and 

a  case  (100)  for  accommodating  said  iron 
core  unit  and  said  coil  unit;  wherein 

at  least  one  of  said  primary  spool  and  said 

secondary  spools  has  a  support  member  (510a, 
514a)  for  retaining  said  iron  core  unit  in  radial  and 
longitudinal  directions. 

5  2.  An  ignition  coil  claimed  in  claim  1  ,  wherein  said  iron 
core  unit  comprises  a  permanent  magnet  (504,  506) 
disposed  in  alignment  with  said  iron  core  in  said  lon- 
gitudinal  direction. 

10  3.  An  ignition  coil  claimed  in  claim  2,  wherein  said  iron 
core  unit  comprises  an  adhesive  tape  (31)  for  fixing 
said  magnet  and  said  iron  core. 

4.  An  ignition  coil  claimed  in  claim  2,  wherein  said  said 
15  iron  core  unit  comprises  two  permanent  magnets 

(504,  506)  respectively  disposed  on  both  ends  of 
said  iron  core. 

5.  An  ignition  coil  (1)  for  an  internal  combustion  engine 
20  comprising: 

an  iron  core  unit(  502,  504,  506)  including  a 
plurality  of  magnetic  members  (502,  504,  506); 

a  coil  unit  (5)  including  a  primary  coil  (516) 
wound  around  a  primary  spool  (514)  made  of  insu- 

25  lating  material,  and  a  secondary  coil  (512)  wound 
around  a  secondary  spool  (51  0)  made  of  insulating 
material  ;  and 

a  case  (100)  for  accommodating  a  low-volt- 
age  lead  member  connected  to  said  primary  coil,  a 

30  high-voltage  lead  connected  to  said  secondary  coil, 
said  iron  core  unit  and  said  coil  unit;  wherein 

said  primary  spool  and  said  secondary 
spools  have  respective  support  members  (510a, 
51  4a)  for  retaining  said  iron  core  unit  therebetween. 

35 
6.  An  ignition  coil  claimed  in  claim  5,  wherein  said  case 

comprises  a  plug  connector  (15,  17)  for  electrically 
connecting  a  spark  plug  directly  and  said  support 
member  (510a)  of  said  second  spool  (510)  com- 

40  prises  a  conductive  member  in  contact  with  said 
high-voltage  lead  and  said  plug  connector. 

7.  An  ignition  coil  claimed  in  claim  6  further  comprising 
a  cover  (41)  for  hermetically  sealing  said  case, 

45  wherein  said  case  comprises  a  support  member  for 
retaining  an  end  of  said  iron  core  unit  along  with 
either  one  of  said  support  members  (510a,  514a)  of 
said  primary  and  secondary  spool  retaining  an 
opposite  end  of  said  iron  core  unit. 

50 
8.  An  ignition  coil  claimed  in  claim  1  ,  wherein  said  case 

comprises  a  plug  connector  (15,  17)  for  electrically 
connecting  a  spark  plug  directly  and  said  support 
member  (510a)  of  said  second  spool  (510)  com- 

55  prises  a  conductive  member  in  contact  with  said 
high-voltage  lead  and  said  plug  connector. 

9.  An  ignition  coil  claimed  in  claim  8,  wherein  said  plug 
connector  comprises  a  conductive  cup  integrally 
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molded  with  said  case  and  a  coil  spring  having  an 
end  retained  by  said  conductive  cup  and  another 
end  connectable  to  said  spark  plug. 

10.  An  ignition  coil  claimed  in  claim  9,  wherein  said  coil  5 
unit  further  comprises  means  (51  Of,  51  4f,  71  Of,  81  Of, 
51  4h)  disposed  an  upper  portion  thereof  between 
said  iron  core  unit  and  a  low-voltage  lead  (512a)  of 
said  primary  coil  for  increasing  creepage  distance 
for  high  tension  voltage.  to 

11.  An  ignition  coil  claimed  in  claim  10,  wherein  said 
means  comprises  first  and  second  labyrinth  mem- 
bers  (51  4f,  51  Of  51  4h)  disposed  in  parallel  with  each 
other  and  wherein  said  first  labyrinth  member  ts 
extends  downward  from  an  upper  portion  of  said  pri- 
mary  spool  and  said  second  labyrinth  member 
extends  upward  from  an  upper  portion  of  said  sec- 
ondary  spool. 

20 
12.  An  ignition  coil  claimed  in  claim  10  further  compris- 

ing  insulating  oil  (29)  filled  in  said  case. 

13.  An  ignition  coil  claimed  in  claim  12  further  compris- 
ing  a  cover  (23,  40,  41)  for  hermetically  sealing  said  25 
case. 

14.  An  ignition  coil  claimed  in  claim  1  ,  wherein  said  case 
(1  00)  has  a  step  portion  on  its  open  end  and  wherein 
said  cover  (23,40)  is  made  of  metal  and  has  a  bent  30 
portion  (234)  on  an  open  end  thereof  for  holding  said 
step  portion  of  said  case. 

1  5.  An  ignition  coil  claimed  in  claim  1  4,  wherein  said  said 
cover  comprises  a  shallow  cylindrical  portion  (402)  35 
whose  wall  is  fitted  to  an  inner  periphery  of  said 
case. 

16.  An  ignition  coil  claimed  in  claim  14  further  compris- 
ing  a  sealing  member  (25,  26)  between  said  cover  to 
and  said  case. 

17.  An  ignition  coil  claimed  in  claim  16,  wherein  said 
sealing  member  comprises  an  O-ring  (25). 

45 
18.  An  ignition  coil  claimed  in  claim  16,  wherein  said 

sealing  member  comprises  a  coating  of  gasket 
material. 

1  9.  An  ignition  coil  (1  )  for  an  internal  combustion  engine  so 
comprising: 

an  iron  core  unit(  502,  504,  506)  including  an 
iron  core  (502); 

a  coil  unit  (5)  including  a  primary  coil  (516) 
wound  around  a  primary  spool  (514)  having  made  55 
of  insulating  material,  and  a  secondary  coil  (512) 
wound  around  a  secondary  spool  (510)  made  of 
insulating  material,  said  coil  unit  having  support 
members  (510a,  514a)  for  retaining  said  iron  core 

unit  therebetween  and  means  (51  Of,  51  4f,  71  Of, 
81  Of,  51  4h)  for  increasing  creepage  distance 
between  said  iron  core  and  said  primary  coil; 

a  case  (100)  having  an  open  end  for  accom- 
modating  a  low-voltage  lead  connected  to  said  pri- 
mary  coil,  a  high-voltage  lead  connected  to  said 
secondary  coil,  said  iron  core  unit,  said  coil  unit  and 
insulating  oil;  and 

a  cover  (23,  41)  for  hermetically  closing  said 
open  end  of  said  case. 

20.  An  ignition  coil  claimed  in  claim  19,  wherein  said 
means  comprises  first  and  second  labyrinth  mem- 
bers  (51  4f,  51  Of  51  4h)  disposed  in  parallel  with  each 
other  and  wherein  said  first  labyrinth  member 
extends  downward  from  an  upper  portion  of  said  pri- 
mary  spool  and  said  second  labyrinth  member 
extends  upward  from  an  upper  portion  of  said  sec- 
ondary  spool. 

21.  An  ignition  coil  for  an  internal  combustion  engine 
comprising: 

a  resinous  cylindrical  case  (100)  having  an 
open  end  and  a  connector  to  be  connected  to  a 
spark  plug  at  an  opposite  end; 

a  transformer  unit  (5)  including  a  primary  coil 
(514)  and  a  secondary  coil  (512)  disposed  in  said 
case  with  insulating  oil;  and 

a  cover  (410)  disposed  to  wrap  said  open  end 
of  said  case  hermetically  for  closing  said  open  end 
of  said  case. 

22.  An  ignition  coil  claimed  in  claim  21,  wherein  said 
open  end  of  said  case  comprises  a  jaw  portion  (1  09) 
and  said  cover  comprises  an  annular  bent  portion  to 
engage  said  jaw  portion. 

23.  An  ignition  coil  claimed  in  claim  21  further  compris- 
ing  a  seal  member  (25)  disposed  between  said  cover 
and  said  case. 

24.  An  ignition  coil  claimed  in  claim  23,  wherein  said  seal 
member  comprises  an  O-ring  (25)  and  said  open 
end  of  said  cover  comprises  an  annular  groove 
(108b,  108e)  on  which  said  O-ring  is  seated. 

25.  An  ignition  coil  claimed  in  claim  21  further  compris- 
ing  a  circuit  unit  (7)  disposed  in  said  case  is  heat 
transmitting  relation  with  said  cover. 
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