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(54)  Spark  plug 

(57)  In  a  spark  plug,  a  main  air  gap  (A)  is  formed 
between  a  parallel  ground  electrode  (11)  and  the  end 
face  of  a  central  electrode  (2),  a  semi-surface  gap  (B) 
is  formed  between  the  end  face  (1  2C)  of  a  semi-surface 
ground  electrode  (12)  and  the  side  face  (2A)  of  the  cen- 
tral  electrode  (2)  and  a  semi-surface  air  gap  (C)  is 
formed  between  the  end  face  (12C)  and  the  side  face 

FIG.  2 A  

(1  E)  of  insulator.  In  addition,  difference  in  a  level  E  be- 
tween  the  height  of  the  lower  end  face  (1  D)  of  the  insu- 
lator  (1)  and  the  height  of  the  upper  edge  (12B)  of  the 
end  face  12C  of  the  semi-surface  ground  electrode  12 
is  E  <  +0.7  mm,  the  distance  B  of  the  semi-surface  gap 
(B)  is  longer  than  the  distance  A  of  the  main  air  gap  (A) 
and  the  distance  C  of  the  semi-surface  air  gap  (C)  is 
shorter  than  the  distance  A  of  the  main  air  gap  (A). 
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Description 

[0001]  The  present  invention  relates  to  a  spark  plug 
used  for  ignition  in  an  internal  combustion  engine. 
[0002]  Generally,  a  conventional  type  spark  plug  is 
provided  with  a  central  electrode  and  a  parallel  ground 
electrode.  The  central  electrode  is  protruded  downward 
from  the  lower  end  face  of  insulator.  The  parallel  ground 
electrode  is  arranged  opposite  to  the  central  electrode 
and  one  end  of  which  is  bonded  to  main  metal  shell  for 
igniting  fuel  mixed  gas  by  spark  discharge  in  an  air  gap 
between  the  central  electrode  and  the  parallel  ground 
electrode. 
[0003]  To  enhance  ignitability  in  the  air  gap,  a  spark 
plug  provided  with  auxiliary  ground  electrodes  opposite 
to  the  side  face  of  a  central  electrode  in  addition  to  a 
parallel  ground  electrode  opposite  to  the  end  face  of  the 
central  electrode  is  proposed  in  Unexamined  Japanese 
Patent  Publication  (kokai)  No.  Hei.  5-326107,  U.S.  Pat- 
ent  No.  5,581  ,  1  45  and  EP  0  774  81  2A.  These  auxiliary 
ground  electrodes  are  not  provided  to  jump  sparks  in  a 
gap  between  the  auxiliary  ground  electrode  and  the  cen- 
tral  electrode.  However,  these  auxiliary  ground  elec- 
trodes  are  provided  to  improve  the  distribution  of  electric 
fields  between  the  parallel  ground  electrode  and  the 
central  electrode  by  the  existence  of  the  auxiliary  ground 
electrodes. 
Accordingly,  ignitability  is  enhanced  by  jumpinga  spark 
in  the  gap  between  the  parallel  ground  electrode  and 
the  central  electrode  at  lower  discharge  voltage.  There- 
fore,  in  the  structure  of  these  spark  plugs,  the  edge  of 
the  end  face  of  the  auxiliary  ground  electrode  is  not  nec- 
essarily  positioned  in  the  vicinity  of  the  lower  end  face 
of  the  insulator. 
[0004]  Further,  in  U.S.  Patent  No.  application  serial 
No.  08/749,309  and  EP  0  774,812  A,  a  spark  plug  pro- 
vided  with  an  auxiliary  ground  electrode  in  the  vicinity  of 
the  lower  end  face  of  insulator  in  addition  to  a  parallel 
ground  electrode  opposite  to  the  end  face  of  a  central 
electrode  is  proposed. 
[0005]  However,  there  is  a  problem  that  both  conven- 
tional  type  spark  plug  disclosed  in  Unexamined  Japa- 
nese  Patent  Publication  No.  Hei5-326107  and  U.S.  Pat- 
ent  No.  5,581,145  are  weak  in  a  so-called  carbon  foul- 
ing.  At  the  time  of  regular  operation  in  which  an  internal 
combustion  engine  is  rotated  at  engine  speed  equal  to 
or  faster  than  predetermined  engine  speed  at  predeter- 
mined  temperature,  a  leg  portion  which  is  a  lower  part 
of  the  insulator  of  the  spark  plug  is  suitably  burned  and 
surface  temperature  in  the  vicinity  of  the  lower  end  face 
of  the  insulator  inside  a  combustion  chamber  rises  up 
to  approximately  500°C.  Therefore,  carbon  which  ad- 
heres  to  the  surface  of  the  insulator  is  burned  and  the 
surface  of  the  insulator  is  kept  clean.  Therefore,  no  car- 
bon  fouling  is  caused.  However,  in  the  case  of  a  low  load 
in  which  the  temperature  of  the  internal  combustion  en- 
gine  is  extremely  low  and  the  engine  speed  is  also  low, 
the  surface  temperature  of  the  insulator  does  not  rise, 

carbon  by  the  combustion  adheres  to  the  surface  of  the 
insulator  and  is  accumulated  to  be  a  so-called  carbon 
fouling  state.  When  this  further  progresses,  insulation 
between  the  central  electrode  and  the  ground  electrode 

5  is  deteriorated,  spark  discharge  is  disabled  and  an  en- 
gine  stall  is  caused. 
[0006]  As  for  the  conventional  type  spark  plug  dis- 
closed  in  U.S.  Patent  No.  application  serial  No. 
08/749,309,  relationship  between  distance  (a  main  air 

10  gap  or  a  semi-surface  gap)  from  the  parallel  ground 
electrode  or  the  auxiliary  ground  electrode  to  the  central 
electrode  and  distance  (a  gap  between  a  semi-surface 
and  the  insulator)  from  the  end  face  of  the  auxiliary 
ground  electrode  to  the  side  face  of  the  insulator  is  not 

is  disclosed. 
[0007]  Further,  in  Unexamined  Japanese  Patent  Pub- 
lication  (kokai)  No.  Sho.  59-71  279,  a  semi-surface  spark 
plug  in  which  an  ground  electrode  is  arranged  opposite 
to  the  side  face  of  insulator  is  disclosed.  In  the  above 

20  spark  plug,  as  sparks  fly  along  the  surface  of  the  insu- 
lator,  carbon  which  adheres  to  the  surface  of  the  insu- 
lator  is  burned  off  and  the  problem  of  a  carbon  fouling 
is  hardly  caused.  However,  as  sparks  always  fly  along 
the  surface  of  the  insulator,  the  problem  of  so-called 

25  channeling  that  the  surface  of  the  insulator  is  damaged 
by  sparks  is  caused.  Therefore,  there  is  a  problem  that 
the  life  of  the  spark  plug  is  short. 
[0008]  The  phrase  "flying  sparks"  and  derived  expres- 
sions  used  herein  may  refer  to  causing  a  spark  to  jump 

30  a  gap,  a  spark  discharge  to  occur,  and  so  on. 
[0009]  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  spark  plug  resistant  to  carbon  fouling,  the  life  of 
which  is  long  and  excellent  in  ignitability. 
[001  0]  A  spark  plug  according  to  the  present  invention 

35  comprises  an  insulator,  a  central  electrode,  amain  metal 
shell,  a  parallel  ground  electrode  and  at  least  one  semi- 
surface  ground  electrode.  The  insulator  has  a  central 
through  hole.  The  central  electrode  is  held  in  said  central 
through  hole  and  protruded  from  the  lower  end  face  of 

40  said  insulator  downward.  The  main  metal  shell  for  hold- 
ing  said  insulator.  The  parallel  ground  electrode  having 
one  end  which  is  bonded  to  the  main  metal  shell  and  the 
other  end  which  is  arranged  so  that  the  other  end  is  op- 
posite  to  the  end  face  of  said  central  electrode  for  hold- 

45  ing  said  insulator  and  a  parallel  ground  electrode  ar- 
ranged.  Amain  air  gap  (A)  is  formed  by  said  parallel 
ground  electrode  and  the  end  face  of  said  central  elec- 
trode.  The  at  least  one  semi-surface  ground  electrode 
has  one  end  which  is  bonded  to  said  main  metal  shell 

so  and  the  other  end  which  is  arranged  so  that  the  other 
end  is  opposite  to  the  side  face  of  said  central  electrode 
or  the  side  face  of  said  insulator.  A  semi-surface  gap  (B) 
is  formed  between  the  end  face  of  the  other  end  of  said 
semi-surface  ground  electrode  and  the  side  face  of  said 

55  central  electrode  opposite  to  the  end  face.  A  gap  (C) 
between  a  semi-surface  ground  electrode  and  the  insu- 
lator  (hereinafter,  referred  to  "a  semi-surface  air  gap  (C)) 
is  formed  between  the  end  face  of  said  semi-surface 
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ground  electrode  and  the  side  face  of  said  insulator  op- 
posite  to  the  end  face.  In  the  spark  plug,  difference  in  a 
level  E  between  the  height  of  the  lower  end  face  of  said 
insulator  and  the  height  of  the  upper  edge  of  the  end 
face  of  said  semi-surface  ground  electrode  is  equal  to 
or  smaller  than  +0.7mm  where  '+'  means  a  direction  in 
which  the  upper  edge  of  the  end  face  of  the  semi-surface 
ground  electrode  separates  downward  from  the  lower 
end  face  of  the  insulator.  The  distance  B  of  said  semi- 
surface  gap  (B)  is  longer  than  the  distance  A  of  said 
main  air  gap  (A).  If  a  first  extended  line  acquired  by  ex- 
tending  a  line  showing  said  lower  end  face  of  said  insu- 
lator  outward,  a  second  extended  line  acquired  by  ex- 
tending  a  line  showing  the  side  face  in  the  vicinity  of  the 
semi-surface  gap  (B)  of  said  insulator  in  the  direction  of 
said  lower  end  face  and  a  third  extended  line  acquired 
by  extending  a  line  showing  the  end  face  of  said  semi- 
surface  ground  electrode  downward  are  drawn  in  case 
the  end  face  of  said  semi-surface  ground  electrode  and 
said  insulator  are  cut  along  the  central  axis  of  said  insu- 
lator,  distance  that  is  a  distance  C  of  a  semi-surface  air 
gap  (C)  between  the  intersection  of  said  first  and  second 
extended  lines  and  the  intersection  of  said  first  and  third 
extended  lines  is  shorter  than  the  distance  A  of  said 
main  air  gap  (A). 
[0011]  Embodiments  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example  only,  with  reference  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  partial  sectional  view  showing  a  spark 
plug  according  to  a  first  embodiment; 
Fig.  2A  is  a  partial  sectional  view  showing  an  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  the  first  embodiment; 
Fig.  2B  is  an  explanatory  drawing  showing  an  en- 
larged  semi-surface  ground  electrode  12; 
Fig.  3  is  a  partial  sectional  view  showing  an  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  a  second  embodiment; 
Fig.  4  is  a  partial  sectional  view  showing  the  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  a  third  embodiment; 
Fig.  5  is  a  graph  showing  relationship  between  the 
distance  B  of  a  semi-surface  gap  (B)  and  discharge 
voltage; 
Fig.  6  is  a  graph  showing  the  rate  ofjumpingsparks 
of  50%  where  points  at  which  the  rate  ofjumping- 
sparks  in  a  main  air  gap  (A)  and  a  semi-surface  air 
gap  (C)  is  respectively  50%  are  plotted  wherein  the 
y-axis  shows  the  distance  A  of  the  main  air  gap  (A) 
and  the  x-axis  shows  the  distance  C  of  the  semi- 
surface  air  gap  (C); 
Fig.  7  is  a  graph  showing  examples  of  measurement 
in  a  pre-delivery  fouling  test; 
Fig.  8  is  a  graph  showing  relationship  between  the 
distance  C  of  the  semi-surface  air  gap  (C)  and  an 
undesirable  result  in  the  pre-delivery  fouling  test; 
Figs.  9A  and  9B  are  explanatory  drawings  showing 

a  state  in  which  a  central  electrode  is  wasted; 
Fig.  10  is  a  graph  showing  relationship  between 
quantity  H  in  which  the  central  electrode  is  protrud- 
ed  and  the  maximum  wasted  quantity  Ad; 

5  Fig.  1  1  is  a  graph  showing  relationship  between  the 
quantity  H  in  which  the  central  electrode  is  protrud- 
ed  and  air-fuel  ratio  (A/F)  to  be  the  limit  of  ignition; 
Fig.  12  is  a  graph  showing  the  quantity  H  in  which 
the  central  electrode  is  protruded  and  the  tempera- 

10  ture  at  the  end  of  the  central  electrode; 
Fig.  13  is  a  partial  sectional  view  showing  the  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  the  second  embodiment; 
Fig.  1  4  is  a  graph  showing  relationship  between  the 

is  diameter  D1  at  the  end  of  a  central  electrode  and 
the  probability  of  a  spark  in  a  main  air  gap  (A); 
Fig.  15  is  a  partial  sectional  view  showing  the  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  the  third  embodiment;  and 

20  Fig.  16  is  a  partial  sectional  view  showing  the  en- 
larged  vicinity  of  an  electrode  of  a  spark  plug  ac- 
cording  to  a  fourth  embodiment. 

[001  2]  A  spark  plug  according  to  the  present  invention 
25  comprises  an  insulator,  a  central  electrode,  amain  metal 

shell,  and  a  main  ground  electrode,  also  known  as  a  par- 
allel  ground  electrode.  The  insulator  is  provided  with  a 
central  through  hole.  The  central  electrode  is  held  in  the 
above  central  through  hole  and  protruded  downward 

30  from  the  lower  end  face  of  the  insulator.  The  main  metal 
shell  holds  the  insulator.  The  parallel  ground  electrode 
has  one  end  which  is  bonded  to  the  main  metal  shell 
and  the  other  end  which  is  arranged  opposite  to  the  end 
face  of  the  central  electrode.  A  main  air  gap  (A)  is  formed 

35  by  the  parallel  ground  electrode  and  the  end  face  of  the 
central  electrode.  The  spark  plug  is  further  provided  with 
a  single  or  plural  semi-surface  ground  electrodes  one 
end  of  which  is  bonded  to  the  above  main  metal  shell 
and  the  other  end  of  which  is  arranged  opposite  to  the 

40  side  face  of  the  central  electrode  or  the  side  face  of  the 
insulator.  A  semi-surface  gap  (B)  is  formed  between  the 
end  face  of  the  other  end  of  the  semi-surface  ground 
electrode  and  the  side  face  of  the  central  electrode  op- 
posite  to  the  end  face.  A  semi-surface  air  gap  (C)  is 

45  formed  between  the  end  face  of  the  semi-surface 
ground  electrode  and  the  side  face  of  the  insulator  op- 
posite  to  the  end  face.  A  difference  in  a  level  E  between 
the  height  of  the  lower  end  face  of  the  insulator  and  the 
height  of  the  upper  edge  of  the  end  face  of  the  semi- 

50  surface  ground  electrode  is  equal  to  or  smaller  than  +0.7 
mm,  ('+'  means  a  direction  in  which  the  upper  edge  of 
the  end  face  of  the  semi-surface  ground  electrode  sep- 
arates  downward  from  the  lower  end  face  of  the  insula- 
tor).  The  distance  B  of  the  semi-surface  gap  (B)  is  longer 

55  than  the  distance  A  of  the  main  air  gap  (A).  If  a  first  ex- 
tended  line  acquired  by  extending  a  line  showing  the 
lower  end  face  of  the  insulator  outward,  a  second  ex- 
tended  line  acquired  by  extending  a  line  showing  the 
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side  face  in  the  vicinity  of  the  semi-surface  gap  (B)  of 
the  insulator  in  the  direction  of  the  above  lower  end  face 
and  a  third  extended  line  acquired  by  extending  a  line 
showing  the  end  face  of  the  semi-surface  ground  elec- 
trode  downward  are  drawn  respectively  in  case  the  end  s 
face  of  the  semi-surface  ground  electrode  and  the  insu- 
lator  are  cut  along  the  central  axis  of  the  insulator,  dis- 
tance  (hereinafter  called  the  distance  C  of  a  semi-sur- 
face  air  gap  (C)  from  the  intersection  of  the  first  and  sec- 
ond  extended  lines  to  the  intersection  of  the  first  and  10 
third  extended  lines  is  shorter  than  the  distance  A  of  the 
main  air  gap  (A). 
[0013]  The  spark  plug  is  shown  so  that  the  end  face 
of  the  central  electrode  is  located  down. 
[0014]  As  the  distance  A  of  the  main  air  gap  (A)  is  15 
shorter  (A  <  B)  than  the  distance  B  of  the  semi-surface 
gap  (B)  by  structured  above,  spark  discharge  is  gener- 
ated  in  the  main  air  gap  (A)  between  the  central  elec- 
trode  and  the  parallel  ground  electrode  at  normal  time 
at  which  no  carbon  fouling  state  is  caused.  The  distance  20 
C  of  the  semi-surface  air  gap  (C)  is  shorter  (C  <  A)  than 
the  distance  A  of  the  main  air  gap  (A)  and  difference  in 
a  level  E  between  the  height  of  the  lower  end  face  of  the 
insulator  and  the  height  of  the  upper  edge  of  the  end 
face  of  the  semi-surface  ground  electrode  is  equal  to  or  25 
smaller  than  +0.7  mm.  Therefore,  in  a  carbon  fouling 
state  fouled  by  carbon  generated  by  combustion  on  the 
lower  end  face  of  the  insulator,  spark  discharge  is  gen- 
erated  between  the  edge  of  the  semi-surface  ground 
electrode  and  the  side  face  of  the  central  electrode  via  30 
the  surface  of  the  lower  end  face  of  the  insulator  (here- 
inafter  called  semi-surface  discharge).  After  spark  of 
semi-surface  discharge  fly  in  the  semi-surface  air  gap 
(C),  it  runs  along  the  surface  of  the  insulator.  When 
semi-surface  discharge  is  repeated  some  times,  carbon  35 
accumulated  on  the  lower  end  face  of  the  insulator  is 
burned  off.  The  surface  of  the  insulator  is  restored  to  a 
clean  state.  Insulation  on  the  surface  of  the  insulator  is 
again  recovered.  A  carbon  fouling  is  dissolved  and 
spark  discharge  is  generated  in  not  the  semi-surface  40 
gap  (B)  but  the  main  air  gap  (A). 
[0015]  Therefore,  the  present  invention  produces  the 
following  effect. 
[0016]  In  the  spark  plug  according  to  the  present  in- 
vention,  sparkdischarge  is  generated  in  the  main  air  gap  45 
(A)  between  the  central  electrode  and  the  parallel 
ground  electrode  in  most  time.  Only  at  the  time  of  a  car- 
bon  fouling  state  in  which  the  surface  of  the  insulator  is 
fouled  by  carbon,  semi-surface  discharge  is  generated 
the  semi-surface  gap  (B)  with  the  semi-surface  ground  so 
electrode  and  fuel  mixture  in  a  combustion  chamber  is 
ignited.  As  fuel  mixture  is  ignited  by  spark  discharge  in 
the  main  air  gap  (A)  in  most  time,  the  spark  plug  is  ex- 
cellent  in  ignitability.  As  semi-surface  discharge  is  pro- 
vided  with  self-cleaning  action  in  which  carbon  accumu-  55 
lated  on  the  surface  of  the  insulator  is  burned  off,  the 
spark  plug  is  extremely  strong  in  a  carbon  fouling.  Fur- 
ther,  as  the  frequency  in  which  semi-surface  discharge 

is  generated  is  low  and  the  discharge  time  is  extremely 
short,  the  action  of  channeling  by  sparks  is  weakened 
and  channeling  is  hardly  caused.  Therefore,  the  life  of 
this  spark  plug  is  sufficiently  long. 
[0017]  In  the  present  invention,  the  distance  A  of  the 
main  air  gap  (A),  the  distance  B  of  the  semi-surface  gap 
(B)  and  the  distance  C  of  the  semi-surface  air  gap  (C) 
can  be  in  the  relation  ship  of  "A  <  (0.8(B  -  C)+C)"mm. 
[0018]  When  the  spark  plug  is  formed  as  described 
above,  at  normal  time  at  which  the  spark  plug  is  not  in 
carbon  fouling  state,  the  rate  of  flying  sparks  in  the  main 
air  gap  (A)  is  50%  or  more.  Therefore,  at  normal  time, 
sparks  fly  in  the  main  air  gap  (A)  and  the  spark  plug  is 
advantageous  in  consideration  of  ignitability  and  chan- 
neling. 
[0019]  In  the  present  invention,  the  distance  B  of  the 
semi-surface  gap  (B)  can  be  equal  to  or  shorter  than 
2.2mm,  and  the  distance  C  of  the  semi-surface  air  gap 
(C)  is  equal  or  longer  than  0.4mm  and  is  equal  or  shorter 
than  (A  -  0.1)  mm  (A:  the  distance  of  the  main  air  gap 
(A)  ). 
[0020]  When  the  spark  plug  is  thus  structured,  semi- 
surface  discharge  can  be  more  securely  generated  be- 
tween  a  semi-surface  ground  electrode  and  a  central 
electrode  when  the  surface  of  insulator  is  in  a  carbon 
fouling  state.  If  the  distance  B  of  the  semi-surface  gap 
(B)  is  longer  than  2.2  mm,  no  discharge  is  generated 
between  the  semi-surface  ground  electrode  and  the 
central  electrode,  and  probability  of  so-called  flashover 
which  no  discharge  is  generated  between  the  semi-sur- 
face  ground  electrode  and  the  central  electrode,  and 
discharge  is  generated  along  the  surface  of  a  leg  portion 
of  the  insulator  between  the  central  electrode  and  the 
vicinity  of  a  part  attached  to  the  insulator  of  main  metal 
shell  is  caused  is  increased.  When  the  distance  C  of  the 
semi-surface  air  gap  (C)  is  smaller  than  0.4  mm,  a  bridge 
by  carbon  is  generated  between  the  semi-surface 
ground  electrode  and  the  insulator  and  probability  in 
which  discharge  is  disabled  is  increased.  In  the  mean- 
time,  when  the  distance  C  of  the  semi-surface  air  gap 
(C)  is  longer  than  0.  1  mm  which  is  the  distance  A  of  the 
main  air  gap  (A),  probability  in  which  discharge  is  exe- 
cuted  in  not  discharge  in  the  semi-surface  air  gap  (C) 
with  the  semi-surface  ground  electrode  and  the  insulator 
but  the  main  air  gap  (A)  with  the  parallel  electrode  even 
at  the  time  of  a  carbon  fouling  is  increased. 
[0021]  In  the  present  invention,  difference  in  a  level  E 
between  the  height  of  the  lower  end  face  of  the  insulator 
and  the  height  of  the  upper  edge  of  the  end  face  of  the 
semi-surface  ground  electrode  can  be  preferably  equal 
to  or  smaller  than  +0.5  mm  ('+'  means  a  direction  in 
which  the  upper  edge  of  the  end  face  of  the  semi-surface 
ground  electrode  separates  downward  from  the  lower 
end  face  of  the  insulator). 
[0022]  When  the  sparkplug  is  structured  as  described 
above,  spark  cleaning  action  of  the  surface  of  the  insu- 
lator  by  the  sparks  of  semi-surface  discharge  can  be  ef- 
fectively  maintained.  If  difference  in  a  level  E  between 
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the  height  of  the  lower  end  face  of  the  insulator  and  the 
height  of  the  edge  of  the  upper  end  face  of  the  semi- 
surface  ground  electrode  is  larger  than  +0.5  mm,  the 
sparks  of  semi-surface  discharge  reach  the  lower  end 
face  of  the  insulator  and  the  effect  of  spark  cleaning  ac- 
tion  of  the  surface  of  the  insulator  may  be  deteriorated. 
[0023]  If  the  above  difference  in  a  level  E  is  decreased 
in  one  direction  (that  is,  in  a  direction  in  which  the  upper 
edge  of  the  end  face  of  the  semi-surface  ground  elec- 
trode  separates  upward  from  the  lower  end  face  of  the 
insulator),  discharge  voltage  may  be  increased  in  a 
spark  plug  without  the  parallel  ground  electrode. 
[0024]  However,  as  discharge  voltage  at  normal  time 
is  determined  by  the  parallel  ground  electrode  in  the 
spark  plug  also  provided  with  the  parallel  ground  elec- 
trode  according  to  the  present  invention,  no  discharge 
voltage  is  increased.  In  this  case,  it  is  desirable  that  the 
cross  section  of  the  semi-surface  ground  electrode  is  3 
mm2  or  smaller.  In  the  semi-surface  air  gap  (C),  the  gen- 
eration  of  a  bridge  at  the  time  of  a  start  at  low  tempera- 
ture  can  be  inhibited  by  forming  as  described  above. 
[0025]  In  the  present  invention,  also,  the  above  differ- 
ence  in  a  level  E  can  be  equal  to  or  smaller  than  -0.7  mm. 
[0026]  Spark  cleaning  action  on  the  surface  of  the  in- 
sulator  by  sparks  of  semi-surface  discharge  can  be  fur- 
ther  effectively  maintained  by  forming  as  described 
above. 
[0027]  In  the  present  invention,  quantity  H  in  which 
the  central  electrode  is  protruded  from  the  lower  end 
face  of  the  insulator  can  be  equal  to  or  larger  than  1  .0 
mm  and  is  equal  to  or  smaller  than  4.0  mm. 
[0028]  The  waste  of  the  central  electrode  due  to  semi- 
surface  discharge  can  be  reduced  by  forming  as  de- 
scribed  above.  Difference  between  ignitability  by  spark 
discharge  in  the  main  air  gap  (A)  with  a  parallel  ground 
electrode  and  the  ignitability  of  a  semi-surface  ground 
electrode  by  semi-surface  discharge  can  be  reduced 
and  the  variation  of  the  torque  of  an  internal  combustion 
engine  due  to  the  change  of  ignitability  according  to  the 
change  of  a  discharge  electrode  can  be  inhibited  as 
much  as  possible.  When  the  quantity  H  in  which  the  cen- 
tral  electrode  is  protruded  is  smaller  than  1.0  mm,  the 
waste  of  the  side  face  of  the  central  electrode  increases. 
[0029]  In  the  meantime,  when  the  quantity  H  in  which 
the  central  electrode  is  protruded  is  more  than  4.0  mm, 
ignitability  by  semi-surface  discharge  is  deteriorated, 
compared  with  ignitability  in  the  main  air  gap  (A),  the 
ignitability  of  both  is  different  and  is  not  desirable.  The 
temperature  of  the  central  electrode  is  too  high  and 
probability  in  which  preignition  is  caused  is  increased. 
[0030]  To  further  reduce  the  difference  in  ignitability 
and  further  inhibit  the  rise  of  the  temperature  of  the  cen- 
tral  electrode,  it  is  desirable  that  H  is  equal  to  or  smaller 
than  2.0  mm. 
[0031]  In  the  present  invention,  the  diameter  at  the 
end  of  the  central  electrode  can  be  reduced,  compared 
with  the  diameter  at  the  base  protruded  from  the  lower 
end  face  of  the  insulator,  the  diameter  D1  at  the  end  of 

the  central  electrode  is  equal  or  longer  than  0.4mm  and 
is  equal  to  or  shorter  than  1  .6mm,  and  the  diameter  D2 
at  the  base  of  the  central  electrode  protruded  from  the 
lower  end  face  of  the  insulator  is  equal  to  or  longer  than 

5  (D1  +0.3  mm). 
[0032]  When  the  diameter  D1  at  the  end  of  the  central 
electrode  is  reduced  as  described  above,  discharge 
voltage  between  the  central  electrode  and  a  parallel 
ground  electrode  is  reduced  and  ignitability  in  the  main 

10  air  gap  (A)  is  enhanced.  When  the  diameter  D1  at  the 
end  of  the  central  electrode  is  shorter  than  0.4  mm,  the 
waste  by  sparks  is  increased  even  if  noble  metal  is  used 
for  the  end  of  the  central  electrode  and  the  spark  plug 
is  not  practical.  When  the  diameter  D1  at  the  end  of  the 

is  central  electrode  is  longer  than  1  .2  mm,  the  action  of 
reducing  discharge  voltage  becomes  unremarkable. 
[0033]  When  the  diameter  D2  at  the  base  of  the  cen- 
tral  electrode  is  longer  than  the  diameter  D1  at  the  end 
of  the  central  electrode,  sparks  readily  fly  in  the  semi- 

20  surface  gap  (B)  at  a  carbon  fouling  time  and  at  normal 
time,  sparks  readily  fly  in  the  main  air  gap  (A).  Further, 
when  the  diameter  D2  at  the  base  of  the  central  elec- 
trode  is  long  to  some  extent,  the  action  of  reducing  heat 
is  activated  and  the  end  of  the  central  electrode  is  pre- 

25  vented  from  being  overheated.  It  is  considered  that 
when  the  diameter  D2  at  the  base  of  the  central  elec- 
trode  is  equal  to  or  longer  than  (D1  +0.3)  mm,  the  above 
effect  is  produced. 
[0034]  In  the  present  invention,  the  diameter  D2  at  the 

30  base  of  the  central  electrode  can  be  equal  to  or  longer 
than  2.0mm. 
[0035]  The  end  of  the  central  electrode  can  be  further 
effectively  prevented  from  being  overheated  by  forming 
so  that  the  diameter  at  the  base  of  the  central  electrode 

35  is  long  as  described  above  and  the  waste  of  the  central 
electrode  in  the  case  of  discharge  in  the  semi-surface 
gap  (B)  can  be  inhibited.  As  the  concentration  of  electric 
fields  is  reduced  by  extending  the  diameter  D2  at  the 
base  of  the  central  electrode,  the  rate  of  the  generation 

40  of  sparks  in  the  semi-surface  gap  (B)  at  normal  time  can 
be  reduced.  For  material  used  for  the  central  electrode, 
it  is  desirable  that  nickel  is  used  as  a  main  component 
and  it  is  further  desirable  that  an  alloy  provided  with  the 
good  conductivity  of  heat  in  which  nickel  content  is  85 

45  percentage  by  weight  or  more  is  used.  Heat  is  further 
reduced  by  increasing  a  nickel  content  as  described 
above  and  the  waste  of  the  central  electrode  in  the  case 
of  discharge  in  the  semi-surface  gap  (B)  can  be  further 
inhibited.  When  the  main  air  gap  (A)  is  widened  in  case 

so  the  semi-surface  gap  (B)  is  fixed,  discharge  in  the  semi- 
surface  gap  (B)  is  increased.  Considering  the  waste  of 
the  central  electrode,  the  wider  the  main  air  gap  is  made, 
the  more  desirable  it  is,  however,  it  is  considered  that 
discharge  in  the  semi-surface  gap  is  also  related  to  the 

55  width  of  the  main  air  gap  (A).  Currently,  relationship  be- 
tween  both  is  not  defined,  however,  it  is  desirable  that 
the  diameter  D2  at  the  base  of  the  central  electrode  is 
set  to  approximately  the  double  of  the  distance  A  of  the 
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main  air  gap  (A)  or  longer. 
[0036]  In  the  present  invention,  the  end  of  the  central 
electrode  can  be  made  of  noble  metal  the  melting  point 
of  which  is  1  600°C  or  more  such  as  a  platinum  alloy  and 
an  iridium  alloy.  By  structured  above,  the  wear  resist- 
ance  to  spark  discharge  of  the  central  electrode  is  en- 
hanced  and  the  life  of  the  spark  plug  is  extended.  In  this 
case,  it  is  desirable  that  the  material  the  particularly 
above  nickel  content  of  which  is  85  percentage  by 
weight  or  more  of  the  central  electrode  is  used.  Hereby, 
as  the  heat  at  the  end  of  the  central  electrode  is  reduced 
and  the  temperature  of  the  iridium  alloy  the  waste  by 
oxidation  of  which  is  much  particularly  at  high  tempera- 
ture  can  be  lowered,  it  is  very  advantageous  to  the  waste 
of  noble  metal. 
[0037]  In  the  present  invention,  the  semi-surface 
ground  electrode  can  be  a  straight  pole  and  the  side  of 
the  semi-surface  ground  electrode  is  bonded  to  the  low- 
er  end  face  of  the  main  metal  shell. 
[0038]  As  the  semi-surface  ground  electrode  is  locat- 
ed  in  the  vicinity  of  the  lower  end  face  of  insulator,  the 
following  problem  may  be  caused  if  the  dimension  in 
which  the  insulator  is  protruded  from  the  lower  end  face 
of  the  main  metal  shell  is  small.  That  is,  the  semi-surface 
ground  electrode  is  bonded  to  the  lower  end  face  of  the 
main  metal  shell  by  welding  and  others,  however,  the 
vicinity  of  the  bonded  part  is  required  to  be  bent  in  the 
approximately  shape  of  a  letter  L  on  the  side  of  the  cen- 
tral  electrode.  Therefore,  the  curvature  of  the  bent  part 
is  required  to  be  reduced  and  manufacturing  problems 
such  as  breakage  and  a  crack  may  be  caused.  There- 
fore,  such  problems  can  be  solved  by  forming  according 
to  the  present  invention. 
[0039]  Preferred  embodiments  according  to  the 
present  invention  will  be  described  as  follows  referring 
to  the  accompanying  drawings. 
[0040]  Referring  to  the  drawings,  a  first  embodiment 
of  the  present  invention  will  be  described. 
[0041]  Fig.  1  is  a  partial  sectional  view  showing  a 
spark  plug  equivalent  to  the  first  embodiment.  Insulator 
1  made  of  alumina  and  others  is  provided  with  corruga- 
tions  1Ato  extend  surface  distance  in  the  upper  part  and 
a  leg  portion  1  B  exposed  to  the  combustion  chamber  of 
an  internal  combustion  engine  in  the  lower  part  and  a 
central  through  hole  1C  in  the  axial  center.  At  the  lower 
end  of  the  central  through  hole  1C,  a  central  electrode 
2  made  of  a  nickel  alloy  such  as  Inconel  is  held  in  a  state 
that  the  central  electrode  2  is  protruded  downward  from 
the  lower  surface  of  the  insulator  1.  The  central  elec- 
trode  2  is  electrically  connected  to  an  upper  terminal  nut 
4  via  a  ceramic  resistor  3  provided  inside  the  central 
through  hole  1  C.  A  high-tension  cable  not  shown  in  Fig. 
1  is  connected  to  the  terminal  nut  4  and  high  voltage  is 
applied  to  the  terminal  nut.  The  above  insulator  1  is  sup- 
ported  by  main  metal  shell  5  with  the  insulator  surround- 
ed  by  the  main  metal  shell.  The  main  metal  shell  5  is 
made  of  low-carbon  steel  and  is  composed  of  a  hexag- 
onal  part  5A  for  engaging  with  a  spark  plug  wrench  and 

a  thread  part  5B.  The  main  metal  shell  5  is  staked  to  the 
insulator  1  by  its  staking  part  5C  and  the  main  metal  shell 
5  and  the  insulator  1  are  integrated.  To  complete  sealing 
by  staking,  a  disc  packing  member  6  and  sealing  mem- 

5  bers  7  and  8  in  the  shape  of  wire  are  inserted  between 
the  main  metal  shell  5  and  the  insulator  1  and  talc  pow- 
der  9  is  filled  between  the  sealing  members  7  and  8.  A 
gasket  1  0  is  fitted  to  the  upper  end  of  the  thread  part  5B. 
[0042]  A  parallel  ground  electrode  1  1  made  of  a  nickel 

10  alloy  is  bonded  to  the  lower  end  of  the  main  metal  shell 
5  by  welding.  The  parallel  ground  electrode  11  is  axially 
opposed  to  the  end  face  of  the  central  electrode  2,  and 
the  central  electrode  2  and  the  parallel  ground  electrode 
11  form  a  main  air  gap  (A). 

is  [0043]  The  spark  plug  according  to  this  embodiment 
is  provided  with  two  semi-surface  ground  electrodes  12 
in  addition  to  the  parallel  ground  electrode  1  1  .  The  semi- 
surface  ground  electrode  12  is  made  of  a  nickel  alloy, 
one  end  is  bonded  to  the  lower  end  of  the  main  metal 

20  shell  5  by  welding  and  the  end  face  1  2C  of  the  other  end 
is  opposed  to  the  side  face  2A  of  the  central  electrode 
2  or  the  side  face  1  E  of  the  leg  portion  1  B.  The  two  semi- 
surface  ground  electrodes  12  are  respectively  arranged 
in  a  position  off  by  90°  from  the  parallel  ground  electrode 

25  11  and  each  semi-surface  ground  electrode  12  is  ar- 
ranged  in  a  position  off  by  180°  from  each  other.  The 
end  face  1  2C  of  each  semi-surface  ground  electrode  1  2 
and  the  side  face  2A  of  the  central  electrode  2  form  a 
semi-surface  gap  (B),  and  the  end  face  12C  of  each 

30  semi-surface  ground  electrode  1  2  and  the  side  face  1  E 
of  the  leg  portion  1  B  form  a  semi-surface  air  gap  (C). 
[0044]  Fig.  2A  is  a  partial  sectional  view  showing  the 
enlarged  vicinity  of  the  central  electrode  2,  the  parallel 
ground  electrode  11  and  the  semi-surface  ground  elec- 

ts  trode  12  of  the  spark  plug.  Fig.  2B  is  an  explanatory 
drawing  showing  the  enlarged  semi-surface  ground 
electrode  12. 
[0045]  The  distance  of  the  main  air  gap  (A)  between 
the  end  face  of  the  central  electrode  2  and  the  parallel 

40  ground  electrode  11  is  A.  The  distance  of  the  semi-sur- 
face  gap  (B)  between  the  side  face  2A  of  the  central 
electrode  2  and  the  end  face  12C  of  the  semi-surface 
ground  electrode  12  is  B.  A  first  extended  line  31  is  ac- 
quired  by  extending  a  line  showing  the  lower  end  face 

45  1D  of  the  insulator  1  outward.  A  second  extended  line 
32  is  acquired  by  extending  a  line  showing  the  side  face 
1  E  in  the  vicinity  of  the  semi-surface  gap  (B)  of  the  in- 
sulator  1  in  the  direction  of  the  lower  end  face  1  D.  A  third 
extended  line  33  is  acquired  by  extending  a  line  showing 

so  the  end  face  12C  of  the  semi-surface  ground  electrode 
12  downward.  These  lines  are  drawn  in  case  the  semi- 
surface  ground  electrode  12  and  the  insulator  1  are  cut 
along  a  central  axis  30  and  distance  from  the  intersec- 
tion  P1  of  the  first  extended  line  31  and  the  second  ex- 

55  tended  line  32  to  the  intersection  P2  of  the  first  extended 
line  31  and  the  third  extended  line  33  is  the  distance  C 
of  the  semi-surface  air  gap  (C),  A  is  shorter-than  B  and 
C  is  shorter  than  A. 

7 



11 EP  0  964  490  A2 12 

[0046]  By  setting  as  described  above,  at  normal  time 
when  the  insulation  of  the  surface  of  the  insulator  1  is 
high,  discharge  can  be  made  via  the  main  air  gap  (A) 
between  the  insulator  and  the  parallel  ground  electrode 
11.  Alternatively,  when  the  insulation  of  the  surface  of 
the  insulator  1  is  deteriorated,  discharge  can  be  made 
via  the  semi-surface  gap  (B)  between  the  insulator  and 
the  semi-surface  ground  electrode  1  2.  The  difference  in 
a  level  between  the  lower  end  face  1  D  of  the  insulator 
I  and  the  upper  edge  12B  of  the  end  face  12C  of  the 
semi-surface  ground  electrode  12  is  E.  The  quantity  in 
which  the  insulator  1  is  protruded  from  the  lower  end 
face  5D  of  the  main  metal  shell  5  shall  is  F.  The  quantity 
in  which  the  central  electrode  2  is  protruded  from  the 
lower  end  face  1  D  of  the  insulator  1  is  H. 
[0047]  In  this  embodiment,  the  quantity  F  in  which  the 
insulator  1  is  protruded  is  set  to  3.0  mm.  The  diameter 
D2  of  the  central  electrode  2  is  set  to  2.0  mm.  The  semi- 
surface  ground  electrode  having  the  width  of  2.2  mm 
and  the  thickness  of  1  .3  mm  is  used.  The  parallel  ground 
electrode  11  having  the  width  of  1.5  mm  and  the  thick- 
ness  of  2.8  mm  is  used.  The  parallel  ground  electrode 
I  I  provided  with  a  copper  core  may  be  also  used  to  low- 
er  the  temperature  of  the  end  and  prevent  a  spark  from 
being  wasted. 
[0048]  As  for  the  difference  in  a  level  E  between  the 
height  of  the  lower  end  face  1  D  of  the  insulator  1  and 
the  height  of  the  upper  edge  1  2B  of  the  end  face  1  2C  of 
the  semi-surface  ground  electrode  12,  there  are  three 
following  cases.  First,  the  upper  edge  1  2B  and  the  lower 
edge  1  2A  respectively  shown  in  Fig.  2B  of  the  semi-sur- 
face  ground  electrode  12  are  located  higher  than  the 
lower  end  face  1  D  of  the  insulator  1  as  shown  in  Fig.  2 
(a).  Second,  only  the  upper  edge  12B  of  the  semi-sur- 
face  ground  electrode  12  is  located  higher  than  the  low- 
er  end  face  1D  of  the  insulator  1  as  shown  in  Fig.  3. 
Third,  the  upper  edge  12B  of  the  semi-surface  ground 
electrode  1  2  is  located  lower  than  the  lower  end  face  1  D 
of  the  insulator  1  as  shown  in  Fig.  4  respectively  depend- 
ing  upon  the  height  of  the  semi-surface  ground  elec- 
trode  12. 
[0049]  In  any  case,  it  is  desirable  that  either  of  the  up- 
per  edge  12B  and  the  lower  edge  12A  of  the  end  face 
12C  of  the  semi-surface  ground  electrode  12  is  located 
at  the  height  of  the  vicinity  of  the  lower  end  face  1  D  of 
the  insulator  1  .  That  is,  it  is  desirable  that  the  difference 
in  a  level  E  is  small.  The  reason  is  that  sparks  which  fly 
from  the  upper  edge  12B  and  the  lower  edge  12A  are 
brought  close  to  the  lower  end  face  1  D  of  the  insulator 
1  and  self-cleaning  action  in  which  carbon  which  accu- 
mulates  on  the  surface  of  the  insulator  1  is  burned  is 
enhanced  because  semi-surface  discharge  is  made  at 
an  acute  angle.  Accordingly,  it  is  considered  that  sparks 
fly  from  the  upper  edge  1  2B  and  the  lower  edge  1  2A  of 
the  semi-surface  ground  electrode  12  in  which  electric 
fields  concentrate. 

(Grounds  thatB  is  equal  to  or  shorter  than  2.2  mm) 
[0050]  Fig.  5  is  a  graph  showing  relationship  between 

the  distance  B  of  the  semi-surface  gap  (B)  and  dis- 
charge  voltage.  To  evaluate  the  relationship  between 
the  distance  B  of  the  semi-surface  gap  (B)  and  dis- 
charge  voltage,  a  test  from  idling  to  racing  in  which  an 

5  engine  was  operated  and  racing  was  made  by  opening 
a  throttle  wide  from  the  state  of  idling  to  observe  dis- 
charge  voltage  was  made.  For  a  spark  plug,  the  one  the 
parallel  ground  electrode  11  of  which  is  cut  in  a  part 
welded  to  the  main  metal  shell  5  is  used.  Also,  a  straight 

10  4-cylinder  engine  provided  with  the  displacement  of  1  .6 
1  .  is  used.  When  the  distance  B  of  the  semi-surface  gap 
(B)  exceeds  2.2  mm,  discharge  voltage  exceeds  25  kV 
and  so-called  flashover  in  which  sparks  fly  from  the  cen- 
tral  electrode  2  to  the  vicinity  of  the  base  of  the  leg  por- 

15  tion  1  B  of  the  insulator  1  of  the  main  metal  shell  5  before 
discharge  is  generated  between  the  semi-surface 
ground  electrode  12  and  the  central  electrode  2  may  be 
caused.  Therefore,  it  is  required  that  the  distance  B  of 
the  semi-surface  gap  (B)  is  2.2  mm  or  less. 

20  (Grounds  that  A  <  (0.8(B-C)+C)mm  and  0.4  <  C  < 
(A-O.l)mm) 
[0051]  In  Fig.  6,  the  y-axis  shows  the  distance  A  of 
the  main  air  gap  (A),  the  x-axis  shows  the  distance  C  of 
the  semi-surface  air  gap  (C).  Fig.  6  is  a  graph  showing 

25  the  rate  of  flying  sparks  of  50%  in  which  points  where 
the  rate  of  flying  sparks  in  the  main  air  gap  (A)  and  the 
semi-surface  air  gap  (C)  is  respectively  50%  are  plotted. 
The  rate  of  flying  sparks  is  evaluated  by  an  armchair  test 
in  which  the  direction  of  flying  sparks  is  observed  by  in- 

30  stalling  the  spark  plug  in  a  chamber  provided  with  a  win- 
dow  from  which  the  main  air  gap  (A)  and  the  semi-sur- 
face  gap  (B)  can  be  observed.  For  the  spark  plug  in  a 
carbon  fouling  state,  a  sample  the  insulation  resistance 
value  of  which  is  lowered  up  to  5  to  1  0  MQ  using  a  gen- 

35  eral-purpose  engine  and  others  beforehand  is  prepared. 
In  Fig.  6,  a  straight  line  101  shows  the  rate  of  flying 
sparks  of  50%  measured  at  normal  time  when  the  spark 
plug  is  not  in  a  carbon  fouling  state  in  case  the  part  of 
the  lower  end  face  1  D  of  the  insulator  1  in  the  semi-sur- 

40  face  gap  (B).  That  is,  the  difference  (B  -  C)  between  the 
distance  B  of  the  semi-surface  gap  (B)  and  the  distance 
C  of  the  semi-surface  air  gap  (C)  is  1  .0  mm,  a  straight 
line  1  01  '  similarly  shows  the  rate  of  flying  sparks  of  50% 
in  case  the  above  difference  (B  -  C)  is  1.2  mm  and  a 

45  straight  line  1  01  "  similarly  shows  the  rate  of  flying  sparks 
of  50%  in  case  the  difference  (B  -  C)  is  0.8  mm. 
[0052]  In  a  carbon  fouling  state,  independent  of  the 
magnitude  of  the  distance  B  of  the  semi-surface  gap  (B), 
the  rate  of  flying  sparks  of  50%  is  shown  by  the  same 

so  straight  line.  Therefore,  if  the  above  difference  (B  -  C)  is 
1  .0  mm,  for  example,  an  area  AA  on  the  left  side  of  the 
straight  line  101  is  an  area  in  which  sparks  also  fly  in 
the  semi-surface  air  gap  (C)  at  normal  time  and  areas 
BB  and  CC  on  the  right  side  of  the  straight  line  101  are 

55  areas  in  which  sparks  fly  in  the  main  air  gap  (A)  at  normal 
time.  In  the  meantime,  areas  AA  and  BB-on  the  left  side 
of  the  straight  line  102  are  areas  in  which  sparks  fly  in 
the  semi-surface  air  gap  (C)  at  carbon  fouling  time  and 
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an  area  CC  on  the  right  side  of  the  straight  line  102  is 
an  area  in  which  sparks  also  fly  in  the  main  air  gap  (A) 
at  carbon  fouling  time.  Therefore,  an  area  in  which 
sparks  fly  in  the  main  air  gap  (A)  at  normal  time  and 
sparks  fly  in  the  semi-surface  air  gap  (C)  at  carbon  foul- 
ing  time  is  the  area  BB  between  the  two  straight  lines 
101  and  102. 
[0053]  As  the  straight  line  101  is  expressed  by  C  =  A 
-  0.8  mm,  and  the  straight  line  102  is  expressed  by  C  = 
A  -  0.  1  ,  the  area  BB  between  the  straight  lines  101  and 
102  is  expressed  by  the  following  expression  (1). 

A-0.8<C<A-0.1  (mm)  (1) 

[0054]  The  straight  line  101'  acquired  by  linearly  re- 
gressing  data  in  case  the  above  difference  (B  -  C)  is  1  .2 
mm  is  expressed  by  C  =  A  -  0.96  and  the  straight  line 
101"  acquired  by  linearly  regressing  data  in  case  the  dif- 
ference  (B  -  C)  is  0.8  mm  is  expressed  by  C  =  A  -  0.64. 
Therefore,  if  the  above  three  types  of  straight  lines  101, 
101'  and  101"  are  compared,  it  is  known  that  a  condition 
in  the  following  expression  (2)  is  required  so  that  the  rate 
of  flying  sparks  in  the  main  air  gap  (A)  at  normal  time  in 
consideration  of  the  semi-surface  gap  (B)  is  50%  or 
more. 

A  <  0.8  (B  -  C)  +  C  (mm)  (2) 

[0055]  On  the  other  hand,  it  proves  that  if  the  distance 
C  of  the  semi-surface  air  gap  (C)  is  too  small,  the  spark 
plug  is  weak  in  so-called  pre-delivery  fouling.  The  pre- 
delivery  fouling  means  fouling  in  which  the  temperature 
of  a  spark  plug  does  not  rise  and  the  spark  plug  be- 
comes  a  carbon  fouling  state  because  a  new  car  is  driv- 
en  by  extremely  short  distance  many  times  from  the  as- 
sembly  factory  of  cars  to  a  dealer  and  the  insulation  re- 
sistance  of  the  spark  plug  is  deteriorated.  To  evaluate 
pre-delivery  fouling,  a  method  of  locating  a  car  in  a  low- 
temperature  test  room  of  -1  0°C  as  defined  in  a  low-load 
compatibility  test  in  JIS  D  1  606,  operating  it  by  1  0  cycles 
having  a  predetermined  operation  pattern  including 
inching  a  few  times  at  low  speed  as  one  cycle  and  meas- 
uring  the  insulation  resistance  value  of  a  spark  plug  at 
the  middle  and  the  end  of  each  cycle  is  taken. 
[0056]  Fig.  7  shows  an  example  of  a  pre-delivery  foul- 
ing  test  of  spark  plugs  different  in  the  distance  C  of  the 
semi-surface  air  gap  (C).  In  Fig.  7,  □  shows  the  insula- 
tion  resistance  measured  value  of  a  double-pole  semi- 
surface  spark  plug  when  C  is  0.4  mm,  O  shows  the 
above  value  when  C  is  0.6  mm  and  A  shows  the  above 
value  when  C  is  0.8  mm.  For  an  engine,  a  straight  6-cyl- 
inder  engine  provided  with  the  displacement  of  2.5  I.  is 
used.  When  C  is  0.4  mm,  a  carbon  bridge  is  caused  in 
six  cycles,  discharge  is  disabled  and  an  engine  stall  is 
caused. 
[0057]  F  i  g  .  8  sh  ows  t  h  e  ap  p  roxi  mat  e  p  robab  i  I  ity  of  f  ai  I  - 

ure  in  which  the  above  pre-delivery  fouling  test  is  made 
some  times,  a  carbon  bridge  is  caused  and  an  engine 
stall  is  caused  and  the  x-axis  shows  the  distance  C  of 
the  semi-surface  air  gap  (C).  As  clear  from  Fig.  8,  when 

5  the  distance  C  of  the  semi-surface  air  gap  (C)  is  smaller 
than  0.4  mm,  probability  in  which  failure  occurs  rapidly 
increases.  Therefore,  the  distance  C  of  semi-surface  air 
gap  (C)  is  required  to  meet  the  following  expression  (3) 
(unit:  mm). 

10 

0.4  <  C  (mm)  (3) 

[0058]  As  clear  from  the  conditions  in  the  expressions 
15  (1  )  and  (3),  it  is  desirable  that  the  distance  C  of  the  semi- 

surface  air  gap  (C)  meets  at  least  the  following  expres- 
sion  (4). 

0.4<C<A-0.1  (4) 

(Grounds  that  E  <  +0.7  mm,  desirably  E  <  +0.5 
mm) 

25  [0059]  It  is  desirable  that  the  difference  in  a  level  E 
between  the  lower  end  face  1D  of  the  insulator  1  and 
the  upper  edge  12B  of  the  semi-surface  ground  elec- 
trode  12  is  +0.7  mm  or  less  and  it  is  preferable  that  it  is 
+0.5  mm  or  less.  In  the  above  description,  '+'  means  a 

30  direction  in  which  the  upper  edge  12B  of  the  end  face 
1  2C  of  the  semi-surface  ground  electrode  1  2  separates 
from  the  lower  end  face  1  D  of  the  insulator  1  downward. 
To  test  in  relation  to  difference  in  a  level,  the  above  pre- 
delivery  fouling  test  in  case  the  difference  in  a  level  E 

35  was  minus  as  shown  in  Fig.  2A  and  in  case  the  differ- 
ence  in  a  level  E  was  plus  as  shown  in  Fig.  4  was  made. 
A  straight  4-cylinder  engine  provided  with  the  displace- 
ment  of  1  .8  liter,  was  used.  As  a  result,  the  result  shown 
in  the  following  table  1  of  the  test  was  acquired.  In  the 

40  table,  ©shows  a  case  that  the  spark  plug  also  maintains 
the  insulation  resistance  value  of  10  MQ  or  more  after 
the  operation  of  12  cycles,  O  shows  a  case  that  the 
spark  plug  also  maintains  the  insulation  resistance  val- 
ue  of  10  MQ  or  more  after  the  operation  of  10  cycles,  A 

45  shows  a  case  that  the  operation  of  10  cycles  is  still  en- 
abled  though  the  insulation  resistance  value  decreases 
up  to  1  0  MQ  or  less  and  X  shows  a  case  that  the  starting 
of  the  engine  in  8  cycles  is  disabled. 

50  Table  1 
Dimension  of  E  Resistance  to  fouling 

-1.0  ©  
-0.7  ©  
-0.5  ©  
0.0  O 
+0.2  O 

20 
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Table  1  (continued) 
Dimension  of  E  Resistance  to  fouling 

+0.5  O 
+0.7  A 
+1.0  X 

[0060]  To  enable  the  operation  of  1  0  cycles  in  this  test, 
the  difference  in  a  level  E  has  only  to  be  +0.7  mm  or  less 
(E  <  +0.7)  as  clear  from  the  above  table  1  and  it  is  de- 
sirable  that  the  difference  in  a  level  E  is  +0.5  mm  or  less 
(E  <  +0.5).  Incidentally,  it  is  not  preferable  that  the  di- 
mension  of  E  is  too  small.  If  the  dimension  of  E  is  made 
too  small,  the  distance  of  the  semi-surface  discharge 
becomes  long,  the  discharge  voltage  bocomes  high, 
and  sparks  are  hard  to  fly.  Accordingly,  it  is  difficult  to 
eliminate  carbon  fouling.  Further,  it  is  considered  that 
the  reason  why  pre-delivery  resistance  to  fouling  is  de- 
teriorated  when  the  difference  in  a  level  E  is  larger  than 
+0.7  mm  is  that  sparks  from  the  semi-surface  ground 
electrode  1  2  separate  from  the  lower  end  face  1  D  of  the 
insulator  1  when  the  difference  in  a  level  E  is  increased 
and  self-cleaning  action  in  which  carbon  is  burned  by 
semi-surface  discharge  is  deteriorated. 

(Grounds  that  1  .0  <  H  <  4.0  mm) 
[0061]  First,  it  is  desirable  that  quantity  H  in  which  the 
central  electrode  2  is  protruded  from  the  lower  end  face 
1  D  of  the  insulator  1  is  1  .0  mm  or  more  (1  .0  <  H  mm). 
[0062]  When  in  a  spark  plug  in  which  the  quantity  H 
in  which  the  central  electrode  2  is  protruded  is  small, 
semi-surface  discharge  from  the  semi-surface  ground 
electrode  12  is  generated,  the  sparks  are  concentrated 
in  the  vicinity  of  the  lower  end  face  1  D  of  the  insulator  1 
out  of  the  side  face  2A  of  the  central  electrode  2  and  the 
vicinity  is  wasted.  If  the  quantity  H  in  which  the  central 
electrode  2  is  protruded  from  the  lower  end  face  1  D  of 
the  insulator  1  is  1.0  mm  or  more,  the  side  face  2A  of 
the  central  electrode  2  is  dented  as  shown  in  Fig.  9A. 
However,  if  the  quantity  H  in  which  the  central  electrode 
2  is  protruded  from  the  lower  end  face  1  D  of  the  insulator 
1  is  smaller  than  1  .0  mm,  the  central  electrode  2  is  grad- 
ually  narrowed  in  the  direction  of  the  end  face  as  shown 
in  Fig.  9B. 
[0063]  The  maximum  value  of  quantity-in  which  the 
side  face  2A  of  the  central  electrode  2  is  wasted  shall 
be  Ad.  As  it  is  considered  that  the  volume  of  an  electrode 
wasted  per  one  spark  is  approximately  fixed,  the  maxi- 
mum  wasted  quantity  Ad  in  case  the  side  face  of  the 
central  electrode  is  wasted  as  shown  in  Fig.  9B  is  larger 
than  the  maximum  wasted  quantity  Ad  in  case  the  side 
face  is  wasted  as  shown  in  Fig.  9A.  To  examine  relation- 
ship  between  the  maximum  wasted  quantity  Ad  and  the 
protruded  quantity  H,  spark  plugs  different  in  the  pro- 
truded  quantity  H  were  prepared  and  semi-surface  dis- 
charge  from  the  semi-surface  ground  electrode  12  was 
respectively  made  '4  x  107'  times  (forty  million  times)  to 
examine  resistance  to  sparks.  Fig.  10  shows  the  result. 

As  clear  from  Fig.  10,  if  the  protruded  quantity  H  was 
0.5  mm,  the  maximum  wasted  quantity  Ad  was  0.37  mm, 
if  the  protruded  quantity  H  was  0.7  mm,  the  maximum 
wasted  quantity  Ad  was  0.33  mm,  if  the  protruded  quan- 

5  tity  H  was  1.0  mm,  the  maximum  wasted  quantity  Ad 
was  0.30  mm  and  even  if  the  protruded  quantity  H  was 
further  increased,  the  maximum  wasted  quantity  Ad  was 
approximately  fixed.  Therefore,  it  is  desirable  that  the 
quantity  H  in  which  the  central  electrode  2  is  protruded 

10  is  1  .0  mm  or  more  (1  .0  <  H  mm)  to  reduce  the  maximum 
wasted  quantity  Ad. 
[0064]  Each  parallel  ground  electrode  11  of  the  spark 
plugs  used  for  this  test  is  cut  on  the  face  welded  to  the 
main  metal  shell  5.  Hereby,  the  wasted  quantity  was  ex- 

's  amined  by  always  flying  sparks  in  the  semi-surface  gap 
(B).  This  test  was  executed  by  installing  the  above  spark 
plugs  in  a  chamber  provided  with  a  window  via  which 
the  main  air  gap  (A)  and  the  semi-surface  gap  (B)  can 
be  observed.  A  general  breakerless  transistor  igniter  the 

20  spark  discharge  energy  of  which  was  approximately  70 
mJ  was  used  for  the  test. 
[0065]  Next,  it  is  desirable  that  the  quantity  H  in  which 
the  central  electrode  2  is  protruded  from  the  lower  end 
face  1  D  of  the  insulator  1  is  4.0  mm  or  less  (H  <  4.0  mm). 

25  There  are  two  reasons  for  it. 
[0066]  Afirst  reason  is  that  large  difference  should  not 
be  made  in  ignitability  by  discharge  in  the  main  air  gap 
(A)  and  discharge  in  the  semi-surface  gap  (B).  Fig.  11 
is  a  graph  showing  relationship  between  the  protruded 

30  quantity  H  of  the  central  electrode  2  in  case  the  dimen- 
sion  in  which  the  central  electrode  2  is  protruded  from 
the  end  face  5D  of  the  main  metal  shell  5  is  fixed  and 
air-fuel  ratio  (A/F)  to  be  the  limit  of  ignition.  Air-fuel  ratio 
(A/F)  to  be  the  limit  of  ignition  is  set  to  air-fuel  ratio  (A/ 

35  F)  the  ratio  of  lost  fire  of  which  is  1  %.  A  curve  1  03  shows 
air-fuel  ratio  to  be  the  limit  of  ignition  by  a  spark  in  the 
main  air  gap  (A)  and  a  curve  104  show  air-fuel  ratio  to 
be  the  limit  of  ignition  by  a  spark  in  the  semi-surface  gap 
(B)  .  A  straight  6-cylinder  engine  provided  with  the  dis- 

40  placement  of  2  liter,  is  used  and  the  above  air-fuel  ratio 
is  measured  at  the  idle  operation  of  700  rpm.  The  di- 
mension  (F  +  H)  in  which  the  central  electrode  2  of  the 
spark  plug  is  protruded  from  the  end  face  5D  of  the  main 
metal  shell  5  is  set  to  6.0  mm  and  the  distance  B  of  the 

45  semi-surface  gap  (B)  is  set  to  1.7  mm.  As  main  dis- 
charge  in  the  main  air  gap  (A)  is  essentially  not  influ- 
enced  by  the  protruded  quantity  H  of  the  central  elec- 
trode  2,  the  curve  103  becomes  aflat  straight  line.  In  the 
meantime,  as  in  semi-surface  discharge,  the  position  of 

so  a  spark  approaches  the  wall  of  a  combustion  chamber 
as  the  protruded  quantity  H  is  increased,  ignitability  is 
deteriorated  and  the  curve  104  becomes  a  curve  the 
right  side  of  which  lowers.  If  there  is  large  difference  be- 
tween  ignitability  in  main  discharge  and  ignitability  in 

55  semi-surface  discharge,  the  torque  of  an  engine  varies 
when  discharge  in  the  main  air  gap  (A)  is  switched  to 
discharge  in  the  semi-surface  gap  (B)  and  it  is  not  de- 
sirable.  To  keep  the  difference  in  ignitability  in  tolerance, 
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it  is  desirable  that  the  protruded  quantity  H  of  the  central 
electrode  2  is  4.0  mm  or  less  (H  <  4.0  mm). 
[0067]  A  second  reason  is  to  prevent  preignition  due 
to  the  overheat  of  the  central  electrode  2.  Fig.  12  is  a 
graph  showing  relationship  between  the  protruded 
quantity  H  of  the  central  electrode  2  and  the  temperature 
of  the  central  electrode  2.  The  protruded  quantity  F  of 
the  insulator  1  is  3.0  mm  and  a  spark  plug  the  heat  value 
of  which  is  5  is  used.  When  the  protruded  quantity  H  of 
the  central  electrode  2  is  increased,  the  reduction  of 
heat  by  the  insulator  1  is  deteriorated  and  the  tempera- 
ture  at  the  end  of  the  central  electrode  2  becomes  high. 
If  the  protruded  quantity  H  is  5.0  mm,  the  temperature 
at  the  end  of  the  central  electrode  2  exceeds  850°C  and 
preignition  may  be  caused.  Therefore,  it  is  desirable  that 
the  protruded  quantity  H  of  the  central  electrode  2  is  4.0 
mm  or  less  (H  <  4.0  mm). 
[0068]  For  the  above  reasons,  it  is  desirable  that  the 
quantity  H  in  which  the  central  electrode  2  is  protruded 
from  the  lower  end  face  1  D  of  the  insulator  1  is  1  .0  <  H 
<  4.0  mm. 
[0069]  Next,  referring  to  the  drawings,  a  second  em- 
bodiment  of  the  present  invention  will  be  described.  As 
this  embodiment  is  the  same  as  the  above  first  embod- 
iment  except  the  shape  of  the  end  of  a  central  electrode 
2,  the  description  is  omitted  and  only  a  different  part  will 
be  described  below. 
[0070]  Fig.  13  is  a  partial  sectional  view  showing  an 
enlarged  vicinity  of  a  central  electrode  2',  a  parallel 
ground  electrode  11  and  a  semi-surface  ground  elec- 
trode  12  respectively  of  a  spark  plug.  The  diameter  of 
the  end  of  the  central  electrode  2'  is  reduced,  compared 
with  the  base  protruded  from  the  lower  end  face  1  D  of 
insulator  1  .  The  diameter  of  the  end  of  the  central  elec- 
trode  2'  is  D1  and  the  diameter  of  the  base  is  D2.  A  chip 
21  made  of  a  platinum  alloy  is  bonded  to  the  end  of  the 
central  electrode  2'  the  diameter  of  which  is  reduced  by 
laser  beam  welding. 
[0071]  In  this  embodiment,  quantity  H  in  which  the 
central  electrode  2'  is  protruded  from  the  lower  end  face 
1  D  of  the  insulator  1  is  set  to  2.0  mm  and  quantity  J  in 
which  the  central  electrode  2'  is  protruded  from  the  lower 
end  face  1  D  of  the  insulator  1  at  a  starting  point  22  from 
which  the  reduction  of  the  diameter  of  the  central  elec- 
trode  2'  is  started  is  set  to  0.6  mm. 

(Grounds  that  0.4  <  D1  <  1  .6  mm) 
[0072]  It  is  desirable  that  the  diameter  D1  at  the  end 
of  the  central  electrode  2'  is  0.4  mm  or  more  and  1  .6  mm 
or  less,  if  the  diameter  D1  at  the  end  is  smaller  than  0.4 
mm,  the  waste  of  the  electrode  by  sparks  increases 
even  if  a  platinum  alloy  or  an  iridium  alloy  is  used  for  the 
end  of  the  central  electrode  2'  and  it  is  not  practical. 
[0073]  Fig.  14  is  a  graph  showing  relationship  be- 
tween  the  diameter  D1  at  the  end  of  the  central  electrode 
and  the  probability  of  a  spark  in  a  main  air  gap  (A).  A 
curve  105  shows  the  probability  of  a  spark  in  the  main 
air  gap  (A)  at  normal  time  which  is  not  carbon  fouling 
time.  A  spark  plug  the  diameter  D2  at  the  base  of  the 

central  electrode  of  which  is  2.6  mm,  the  distance  A  of 
the  main  air  gap  (A)  of  which  is  1  .  1  mm  and  the  distance 
B  of  a  semi-surface  gap  (B)  of  which  is  1  .4  mm  is  used. 
As  discharge  voltage  increases  as  the  diameter  of  the 

5  central  electrode  2'  is  increased,  the  probability  of  a 
spark  in  the  main  air  gap  (A)  is  reduced  from  1  00%  when 
the  diameter  D1  at  the  end  of  the  central  electrode  ex- 
ceeds  1  .6  mm  at  normal  time  and  it  becomes  unstable 
in  which  of  the  main  air  gap  (A)  or  the  semi-surface  gap 

10  (B)  discharge  is  to  be  executed. 
[0074]  For  the  above  reasons,  it  is  desirable  that  the 
diameter  D1  at  the  end  of  the  central  electrode  2'  is  0.4 
mm  or  more  and  1  .6  mm  or  less  (0.4  <  D1  <  1  .6  mm). 

(Grounds  that  (D1  +  0.3)  <  D2-mm) 
is  [0075]  To  fly  sparks  in  the  semi-surface  gap  (B)  at  car- 

bon  fouling  time  and  to  stably  fly  sparks  in  the  main  air 
gap  (A)  at  normal  time,  it  is  desirable  that  the  diameter 
D2  at  the  base  of  the  central  electrode  2'  is  thicker  than 
the  diameter  D1  at  the  end.  If  the  diameter  D2  at  the 

20  base  of  the  central  electrode  is  thick,  more  heat  is  re- 
duced  from  the  end  of  the  central  electrode  and  the  end 
of  the  central  electrode  is  prevented  from  being  over- 
heated.  Therefore,  it  was  judged  that  it  was  desirable 
that  the  diameter  D2  at  the  base  of  the  central  electrode 

25  was  larger  than  (the  diameter  D1  at  the  end  of  the  central 
electrode  +  0.3  mm).  The  upper  limit  of  the  diameter  D2 
at  the  base  of  the  central  electrode  is  inevitably  deter- 
mined  by  the  thickness  of  the  insulator  1  required  for 
insulation  in  the  vicinity  of  the  lower  end  of  the  insulator 

30  1  . 
(Grounds  that  2.0  <  D2  mm) 

[0076]  To  further  effectively  prevent  the  overheat  at 
the  end  of  the  central  electrode  and  inhibit  the  waste  of 
the  central  electrode  in  the  case  of  discharge  in  the 

35  semi-surface  gap  (B),  it  is  desirable  that  the  diameter 
D2  at  the  base  of  the  central  electrode  is  thickened.  As 
the  concentration  of  electric  fields  is  softened  by  thick- 
ening  the  diameter  D2  at  the  base  of  the  central  elec- 
trode,  the  rate  of  the  generation  of  sparks  in  the  semi- 

40  surface  gap  (B)  at  normal  time  can  be  reduced. 
[0077]  To  test  the  above,  samples  the  distance  A  of 
the  main  air  gap  (A)  of  which  was  set  to  1.0  mm,  the 
distance  B  of  the  semi-surface  discharge  gap  (B)  of 
which  was  set  to  1  .5  mm,  the  distance  C  of  a  semi-sur- 

45  face  air  gap  (C)  of  which  was  set  to  0.5  mm  and  the 
diameter  D2  at  the  base  of  the  central  electrode  of  each 
of  which  was  varied  were  installed  in  an  engine  and  were 
evaluated  based  upon  the  maximum  value  Ad  of  the 
wasted  quantity  of  the  side  of  each  central  electrode  af- 

50  ter  an  endurance  test  at  6000  rpm  x  WOT  (full  throttle) 
is  made. 
[0078]  In  the  above  test,  a  straight  6-cylinder  engine 
provided  with  the  displacement  of  2  liter  is  used  and  the 
condition  of  the  test  is  400  hours  at  6000  rpm  x  WOT 

55  (full  throttle).  In  the  test,  a  general  breakerless  transistor 
igniter  the  spark  discharge  energy  of  which  is  approxi- 
mately  70  mJ  is  also  used. 
[0079]  As  a  result,  the  result  of  the  test  shown  in  the 

11 
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following  table  was  acquired.  In  the  table,  ©shows  the 
dimension  of  the  diameter  D2  when  the  maximum  wast- 
ed  quantity  Ad  is  smaller  than  0.35  mm,  O  shows  the 
dimension  of  the  diameter  D2  when  the  maximum  wast- 
ed  quantity  Ad  is  0.35  mm  or  more  and  0.5  mm  or  less 
and  A  shows  the  dimension  of  the  diameter  D2  when 
the  maximum  wasted  quantity  Ad  exceeds  0.5  mm. 

Table  2 
Dimension  of  D2  Maximum  wasted  quantity  Ad 

1.5  A 
1.75  O 
2.0  ©  
2.25  ©  
2.5  ©  

[0080]  As  clear  from  the  above  table  2,  it  is  desirable 
that  the  diameter  D2  at  the  base  of  the  central  electrode 
is  2.0  mm  or  more  (2.0  <  D2  mm).  It  is  considered  that 
the  reason  why  the  maximum  value  Ad  of  the  wasted 
quantity  of  the  central  electrode  decreases  when  the  di- 
ameter  D2  at  the  base  of  the  central  electrode  is  thick- 
ened  is  that  the  volume  of  the  electrode  wasted  per  one 
spark  is  approximately  fixed  and  that  the  rate  of  the  gen- 
eration  of  a  spark  in  the  semi-surface  gap  (B)  can  be 
reduced  because  the  concentration  of  electric  fields  is 
reduced  by  thickening  the  diameter  D2  at  the  base  of 
the  central  electrode. 
[0081]  Next,  referring  to  the  drawings,  third  and  fourth 
embodiments  of  the  present  invention  will  be  described. 
[0082]  As  these  embodiments  are  the  same  as  the 
first  and  second  embodiments  except  the  shape  of  each 
semi-surface  ground  electrode  12,  the  description  is 
omitted  and  only  different  parts  will  be  described  below. 
[0083]  Fig.  15  is  a  partial  sectional  view  showing  a 
third  embodiment  with  a  central  electrode  2,  a  parallel 
ground  electrode  11  and  a  semi-surface  ground  elec- 
trode  1  2'  and  the  vicinity  of  the  lower  end  of  main  metal 
shell  5  respectively  of  a  spark  plug  enlarged.  The  semi- 
surface  ground  electrode  12'  is  formed  in  the  shape  of 
a  straight  pole  and  the  side  is  resistance-welded  to  the 
lower  end  face  5D  of  the  main  metal  shell  5. 
[0084]  Fig.  16  is  a  partial  sectional  view  showing  a 
fourth  embodiment  with  a  central  electrode  2,  a  parallel 
ground  electrode  11,  a  semi-surface  ground  electrode 
12'  and  the  vicinity  of  the  lower  end  of  main  metal  shell 
5  respectively  of  a  spark  plug  enlarged.  The  lower  end 
face  5D  is  formed  so  that  it  is  wide  by  forming  a  protrud- 
ed  part  5E  protruded  on  the  side  of  the  inner  diameter 
at  the  lower  end  of  the  main  metal  shell  5  and  an  auxil- 
iary  gap  (K)  is  provided  between  the  main  metal  shell 
and  insulator  1.  A  semi-surface  ground  electrode  12'  in 
the  shape  of  a  straight  pole  is  resistance-welded  to  the 
lower  end  face  5D  formed  so  that  it  is  wide.  As  the  semi- 
surface  ground  electrode  12'  is  not  required  to  be  bent 
in  approximately  the  shape  of  a  letter  L  on  the  side  of 

the  central  electrode  2  in  the  vicinity  of  a  bonded  part  to 
the  end  face  of  the  main  metal  shell  by  forming  as  de- 
scribed  above,  no  manufacturing  problem  such  as 
breakage  and  a  crack  is  caused. 

5 
(Integrated  test) 

[0085]  To  test  the  effect  of  the  spark  plug  according 
to  the  present  invention,  the  test  of  carbon  fouling  and 

10  a  channeling  test  were  made  using  a  general  spark  plug 
(type  PFR6G-11),  a  semi-surface  spark  plug  (type 
BKR6EKUC)  and  the  spark  plugs  equivalent  to  the  first 
and  second  embodiments  of  the  present  invention. 
[0086]  In  the  test  of  carbon  fouling,  a  4-cycle  general 

is  purpose  engine  provided  with  a  single  cylinder  of  440 
cc  is  used  and  severe  operation  of  idling  operation  in  a 
state  that  a  choke  is  half  open  was  executed.  As  a  result, 
in  the  case  of  the  general  spark  plug,  an  engine  stall 
was  caused  due  to  a  carbon  fouling  after  operation  for 

20  five  minutes.  Though  the  semi-surface  spark  plug  bears 
longer  operation  than  the  general  spark  plug,  an  engine 
stall  was  caused  due  to  a  carbon  fouling  at  operation  for 
fifteen  minutes.  In  the  meantime,  the  spark  plugs  equiv- 
alent  to  the  first  and  second  embodiments  of  the  present 

25  invention  continued  to  be  operated  for  twenty  minutes 
without  a  problem.  It  is  considered  that  the  reason  why 
the  spark  plug  according  to  the  present  invention  is  su- 
perior  to  the  semi-surface  spark  plug  is  that  in  the  case 
of  the  spark  plug  according  to  the  present  invention,  the 

30  state  of  combustion  is  good  because  sparks  fly  in  the 
main  air  gap  (A)  at  normal  time  and  that  quantity  in  which 
incomplete  combustion  which  causes  a  carbon  fouling 
is  caused  is  small. 
[0087]  In  the  channeling  test,  a  continuous  spark  du- 

35  rability  test  for  1  00  hours  was  executed  at  1  00  Hz  using 
a  breakerless  transistor  power  source  under  environ- 
ment  that  pressure  is  0.8  MPa.  As  pressure  in  a  normal 
combustion  chamber  immediately  before  ignition  is  ap- 
proximately  0.4  Mpa,  pressure  is  applied.  As  a  result,  a 

40  large  trace  of  channeling  is  left  on  the  surface  of  insu- 
lator  in  the  semi-surface  spark  plug  and  the  dept  reach- 
es  0.4  mm  at  the  maximum.  In  the  meantime,  in  the  gen- 
eral  spark  plug  and  the  spark  plugs  equivalent  to  the  first 
and  second  embodiments  of  the  present  invention,  no 

45  trace  of  channeling  could  be  detected. 

(Other  Embodiments) 

[0088]  In  the  above  embodiments,  two  semi-surface 
so  ground  electrodes  12  are  provided,  however,  a  single 

semi-surface  ground  electrode  may  be  also  provided  or 
multiple  semi-surface  ground  electrodes  composed  of 
three  or  more  may  be  also  provided.  However,  as  in  the 
case  of  a  single  one,  it  is  difficult  to  burn  off  carbon  by 

55  sparks  across  the  whole  end  face  of  insulator  and  clean- 
ness  by  sparks  is  deteriorated,  it  is  considered  that  it  is 
desirable  that  two  or  three  semi-surface  ground  elec- 
trodes  are  provided. 

12 
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[0089]  The  spark  plug  in  which  the  diameter  of  the 
central  electrode  is  not  reduced  (not  so-called  thermo- 
stat)  inside  the  end  of  the  insulator  is  described.  How- 
ever,  the  diameter  of  a  spark  plug  may  be  also  reduced 
at  one  or  more  stages. 
[0090]  As  described  above,  as  in  the  present  inven- 
tion,  the  semi-surface  ground  electrodes  are  provided 
in  the  vicinity  of  the  lower  end  face  of  the  insulator  in 
addition  to  the  parallel  ground  electrode  for  executing 
main  discharge,  the  present  invention  is  provided  with 
the  self-cleaning  action  of  burning  off  carbon  by  semi- 
surface  discharge  from  the  semi-surface  ground  elec- 
trode  at  carbon  fouling  time  at  which  the  surface  of  the 
insulator  is  fouled  by  carbon  and  as  the  main  discharge 
is  executed  by  the  parallel  ground  electrode,  there  is  ex- 
cellent  effect  that  the  present  invention  is  extremely 
strong  against  carbon  fouling,  is  provided  with  high  ig- 
nitability,  channeling  is  hardly  caused  and  a  long  life  is 
given. 

Claims 

1  .  A  spark  plug  comprising: 

an  insulator  (1)  having  a  central  through  hole 
(1C); 
a  central  electrode  (2,2')  held  in  said  central 
through  hole  (1C)  and  protruding  downward 
from  the  lower  end  face  (1D)  of  said  insulator 
(1); 
a  main  metal  shell  (5)  for  holding  said  insulator 
(1); 
a  main  ground  electrode  (11)  having  one  end 
which  is  bonded  to  the  main  metal  shell  (5)  and 
the  other  end  which  is  arranged  opposite  to  the 
end  face  of  said  central  electrode  (2,  2')  where- 
by  a  main  air  gap  (A)  is  formed  by  said  main 
ground  electrode  (11)  and  the  end  face  of  said 
central  electrode  (2,  2');  and 
at  least  one  semi-surface  ground  electrode  (1  2, 
12')  having  one  end  which  is  bonded  to  said 
main  metal  shell  (5)  and  the  other  end  which  is 
arranged  opposite  to  the  side  face  (2A)  of  said 
central  electrode  (2,  2')  or  the  side  face  (1  E)  of 
said  insulator  (1  ),  a  semi-surface  gap  (B)  being 
formed  between  the  end  face  of  said  other  end 
of  said  semi-surface  ground  electrode  (12,  12') 
and  the  side  face  (2A)  of  said  central  electrode 
(2,  2')  opposite  to  the  end  face,  a  semi-surface 
air  gap  (C)  being  formed  between  the  end  face 
(12C)  of  said  semi-surface  ground  electrode 
(12,1  2')  and  the  side  face  (1  E)  of  said  insulator 
(1  )  opposite  to  the  end  face  (1  2C); 
wherein  the  difference  in  a  level  E  between  the 
height  of  the  lower  end  face  (1  D)  of  said  insu- 
lator  (1  )  and  the  height  of  the  upper  edge  (1  2B) 
of  the  end  face  (12C)  of  said  semi-surface 

ground  electrode  (12,1  2')  is  equal  to  or  smaller 
than  +0.7mm  where  '+'  means  a  direction  in 
which  the  upper  edge  (12B)  of  the  end  face 
(1  2C)  of  the  semi-surface  ground  electrode  (12, 

5  1  2')  projects  downward  from  the  end  face  (1  D) 
of  the  insulator  (1); 
the  distance  B  of  said  semi-surface  gap  (B)  is 
longer  than  the  distance  A  of  said  main  air  gap 
(A);  and 

10  if  a  first  extended  line  (31  )  acquired  by  extend- 
ing  a  line  indicating  said  lower  end  face  (1  D)  of 
said  insulator  (1)  outward,  a  second  extended 
line  (32)  acquired  by  extending  a  line  indicating 
the  side  face  (1  E)  in  the  vicinity  of  the  semi-sur- 

15  face  gap  (B)  of  said  insulator  (1  )  in  the  direction 
of  said  lower  end  face  (1D)  and  a  third  extended 
line  (33)  acquired  by  extending  a  line  indicating 
the  end  face  (1  2C)  of  said  semi-surface  ground 
electrode  (12,  12')  downward  are  drawn  in  the 

20  case  in  which  the  end  face  (12C)  of  said  semi- 
surface  ground  electrode  (12,  12')  and  said  in- 
sulator  (1  )  are  cut  along  the  central  axis  (30)  of 
said  insulator  (1  ),  the  distance  that  is  a  distance 
C  of  a  semi-surface  air  gap  (C)  between  the  in- 

25  tersection  (P1  )  of  said  first  and  second  extend- 
ed  lines  (31,  32)  and  the  intersection  (P2)  of 
said  first  and  third  extended  lines  (31,  33)  is 
shorter  than  the  distance  A  of  said  main  air  gap 
(A). 

30 
2.  A  spark  plug  according  to  claim  1  ,  wherein  a  rela- 

tionship  between  the  distance  A  of  said  main  air  gap 
(A),  the  distance  B  of  said  semi-surface  gap  (B)  and 
the  distance  C  of  said  semi-surface  air  gap  (C)  is 

35 

A  <  (0.8(B-C)+C). 

3.  A  spark  plug  according  to  claim  1  or  2, 
40  wherein  the  distance  B  of  said  semi-surface  gap  (B) 

is  equal  to  or  shorter  than  2.2  mm;  and 
the  distance  C  of  said  semi-surface  air  gap  (C) 

is  in  the  range  of  0.4  to  (A-0.1)  mm,  where  A  indi- 
cates  the  distance  of  the  main  air  gap  (A). 

45 
4.  A  spark  plug  according  to  any  of  claims  1  to  3, 

wherein  the  difference  in  a  level  E  between  the 
height  of  the  lower  end  face  (1D)  of  said  insulator 
(1)  and  the  height  of  the  upper  edge  (12B)  of  the 

50  end  face  (12C)  of  said  semi-surface  ground  elec- 
trode  (12,  12')  is  equal  to  or  small  than  +0.5  mm, 
where  '+'  means  a  direction  in  which  the  upper  edge 
(12B)  of  the  end  face  (12C)  of  said  semi-surface 
ground  electrode  (12,  12')  projects  downward  from 

55  the  lower  end  face  (1  D)  of  said  insulator  (1  ). 

5.  A  spark  plug  according  to  claim  4,  wherein  said  dif- 
ference  in  a  level  E  is  equal  to  or  smaller  than  -0.7 

13 
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mm. 

6.  A  spark  plug  according  to  any  of  claims  1  to  5, 
wherein  the  distance  H  by  which  said  central  elec- 
trode  (2,  2')  is  protruded  from  the  lower  end  face  s 
(1  D)  of  said  insulator  (1  )  is  in  the  range  of  1  .0  to  4.0 
mm. 

7.  A  spark  plug  according  to  any  of  claims  1  to  6, 
wherein  the  diameter  at  the  end  of  said  central  elec-  10 
trode  (2,  2')  is  reduced,  compared  with  the  diameter 
of  the  base  protruded  from  the  lower  end  face  (1  D) 
of  said  insulator  (1); 

the  diameter  D1  at  the  end  of  the  central  elec-  15 
trode  (2,  2')  is  in  the  range  of  0.4  to  1  .6  mm;  and 
the  diameter  D2  at  the  base  of  the  central  elec- 
trode  (2,  2')  on  the  lower  end  face  (1D)  of  the 
insulator  is  equal  to  or  longer  than  (D1  +  0.3) 
mm.  20 

8.  A  spark  plug  according  to  claim  7,  wherein  the  di- 
ameter  D2  at  the  base  of  said  central  electrode  (2, 
2')  is  equal  to  or  longer  than  2.0  mm. 

25 
9.  A  spark  plug  according  to  claim  8,  wherein  the  di- 

ameter  D2  at  the  base  of  the  central  electrode  (2, 
2')  is  set  to  approximately  double  the  distance  A  of 
the  main  air  gap  (A)  or  longer. 

30 
10.  A  spark  plug  according  to  any  of  claims  1  to  9, 

wherein  the  end  of  said  central  electrode  (2,  2')  is 
comprised  of  noble  metal  having  a  melting  point  of 
1600°C  or  more. 

35 
11.  A  spark  plug  according  to  claim  10,  wherein  said 

noble  metal  is  one  of  a  platinum  alloy  and  an  iridium 
alloy. 

12.  A  spark  plug  according  to  any  of  claims  1  to  11,  40 
wherein  said  semi-surface  ground  electrode  (12, 
1  2')  is  a  straight  pole;  and  the  side  of  this  semi-sur- 
face  ground  electrode  (12,  12')  is  bonded  to  the  low- 
er  end  face  (5D)  of  said  main  metal  shell  (5). 

45 
13.  A  spark  plug  according  to  any  one  of  the  preceding 

claims,  wherein  the  cross  section  of  the  semi-sur- 
face  ground  electrode  (12,1  2')  is  3  mm2  or  smaller. 

14.  A  spark  plug  according  to  any  one  of  the  preceding  so 
claims,  wherein  said  central  electrode  (2,  2')  con- 
tains  85%  or  more  of  nickel. 

14 
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