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(54)  A  method  of  making  spark  plug  electrode. 

(57)  In  a  method  of  making  a  spark  plug  electrode, 
an  electrode  blank  is  prepared  to  have  a  firing 
portion  at  one  end  of  the  electrode  blank.  A 
recess  is  provided  at  the  firing  portion  of  the 
electrode  blank.  A  noble  metal  material  is 
placed  in  the  recess,  and  laser  beams  are  ap- 
plied  on  the  noble  metal  material  in  the  recess 
to  melt  the  noble  metal  material  in  the  range  of 
70  %  ~  100  %  by  weight  to  form  a  noble  metal 
tip.  In  this  instance,  a  component  of  the  elec- 
trode  blank  is  thermally  fused  into  the  noble 
metal  tip  in  the  range  of  0.5  %  ~  80.0  %  by 
weight.  The  volume  of  the  recess  is  substan- 
tially  corresponding  to  that  of  the  noble  metal 
material. 
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This  invention  relates  to  a  method  of  making  a 
spark  plug  electrode  in  which  a  spark-erosion  resis- 
tant  noble  metal  is  secured  to  a  firing  portion  of  an 
electrode  blank. 

In  a  spark  plug  for  an  internal  combustion  engine, 
it  has  been  suggested  that  a  noble  metal  tip  is  laser- 
welded  to  a  curved  or  flat-shaped  firing  end  of  an 
electrode  so  as  to  increase  a  spark-erosion  resistant 
property. 

However,  the  laser  beams  causes  to  spherically 
swell  the  metal  tip  from  the  base  of  the  firing  portion. 
The  swollen  portion  of  the  noble  metal  tip  differes  in 
height  and  position  depending  on  the  spark  plug  pro- 
duced.  For  this  reason,  the  noble  metal  tip  comes  to 
oppose  another  electrode  out  of  normal  place  so  as 
to  change  a  spark  gap  interval,  thus  making  it  difficult 
to  discharge  the  spark  along  the  spark  gap.  At  the 
same  time,  the  swollen  portion  of  the  noble  metal  tip 
interferes  an  insulator  when  the  electrode  is  placed 
within  the  insulator. 

Therefore,  it  is  one  of  the  objects  of  the  invention 
to  provide  a  method  of  making  a  spark  plug  electrode 
in  which  a  noble  metal  material  is  placed  in  a  recess 
of  a  firing  portion,  and  melted  by  means  of  laser 
beams  only  so  as  to  form  a  noble  metal  portion,  and 
thus  maintaining  the  noble  metal  portion  substantially 
in  flush  with  the  firing  portion  without  protracting  out 
of  the  recess,  and  contributing  to  an  extended  service 
life  with  relatively  low  cost. 

According  to  the  invention,  there  may  be  provid- 
ed  a  method  of  making  a  spark  plug  electrode,  a  re- 
cess  is  provided  at  the  firing  portion  of  the  electrode 
blank.  A  noble  metal  material  is  placed  in  the  recess, 
volume  of  which  may  substantially  correspond  to  that 
of  the  noble  metal  material.  Then,  laser  beams  are  ap- 
plied  on  the  noble  metal  material  in  the  recess  to  melt 
the  noble  metal  material  in  the  range  of  70  %  - 1 0 0  
%  by  weight  to  form  a  noble  metal  tip.  In  this  instance, 
a  component  of  the  electrode  blank  is  thermally  fused 
into  the  noble  metal  tip  in  the  range  of  0.5  %  ~  80.0 
%  by  weight. 

The  method  is  such  that  the  noble  metal  portion 
is  substantially  flush  with  the  firing  portion  without 
projecting  out  the  recess  when  the  noble  metal  ma- 
terial  is  melted  by  the  laser  beams.  This  makes  it  pos- 
sible  to  maintain  a  uniform  spark  gap  interval  upon 
putting  it  to  mass  production. 

In  order  that  the  invention  may  more  readily  be 
understood,  the  following  description  is  given,  merely 
by  way  of  example,  with  reference  tothe  accompany- 
ing  drawings,  in  which:- 

Fig.  1  is  a  perspective  view  of  a  firing  end  of  a 
spark  plug,  wherein  the  electrodes  are  partly  sec- 
tioned,  according  to  a  first  embodiment  of  the  in- 
vention; 
Fig.  2a  -  2c  are  views  of  making  processes  of  a 
spark  plug  electrode; 
Fig.  3  is  a  perspective  view,  similar  to  Fig.  1,  of  a 

spark  plug  according  to  a  second  embodiment  of 
the  invention; 
Figs.  4a  -  4c  are  views  of  making  process,  similar 
to  Fig.  2,  according  to  the  second  embodiment  of 

5  the  invention; 
Fig.  5  is  a  graph  showing  how  an  endurance  time 
period  changes  depending  on  how  much  the  cen- 
tre  electrode  is  melted  into  the  noble  metal  por- 
tion;  and 

10  Fig.  6  is  a  graph  showing  how  a  spark  gap  incre- 
ment  changes  depending  on  how  much  the  cen- 
tre  electrode  is  melted  into  the  noble  metal  por- 
tion  with  the  passage  of  service  time  period. 
Referring  to  Fig.  1  which  shows  a  spark  plug  100 

15  according  to  first  embodiment  of  the  invention,  the 
spark  plug  100  has  a  cylindrical  metallic  shell  2,  to  a 
front  end  of  which  a  ground  electrode  1  is  secured  by 
means  of  welding.  Within  the  metallic  shell  2,  a  tubu- 
lar  insulator  3  is  fixedly  supported.  An  inner  space  of 

20  the  insulator  3  serves  as  an  axial  bore  31  in  which  a 
center  electrode  4  is  placed,  a  front  end  41  of  which 
4  extends  somewhat  beyond  a  front  end  of  the  insu- 
lator  3  so  as  to  form  a  spark  gap  (Gp)  with  the  ground 
electrode  1  through  a  noble  metal  portion  5  described 

25  hereinafter  in  detail. 
The  ground  electrode  4  has  a  composite  plate  in- 

cluding  a  clad  metal  11  and  a  heat-conductive  core  12 
embedded  in  the  clad  metal  11.  The  clad  metal  11  is 
made  of  a  nickel-based  alloy  (Inconel  600)  including 

30  iron  (Fe)  and  chromium  (Cr),  while  the  heat- 
conductive  core  12  made  of  an  alloyed  metal  with  a 
copper  (Cu)  or  silver  (Ag)  as  a  main  component.  The 
clad  metal  11  may  be  made  of  nickel-based  alloy  con- 
taining  silicon  (Si),  manganese  (Mn)  and  chromium 

35  (Cr). 
Withafiring  portion  13oftheclad  metal  11  ofthe 

ground  electrode  1,  a  noble  metal  portion  5  is  provid- 
ed  to  be  substantially  flush  with  an  outer  surface  of 
the  ground  electrode  1. 

40  The  noble  metal  portion  5  is  made  of  a  noble  met- 
al  material  50  such  as  platinum  (Pt),  iridium  (Ir),  Pt-lr 
alloy,  Pt-Ni  alloy  or  Ir-alloy  containing  oxides  of  rare 
earth  metals. 

The  noble  metal  portion  5  is  welded  to  the  ground 
45  electrode  1  as  follows: 

(i)  The  oblong  composite  plate  1a  is  prepared  to  have 
the  firing  portion  13  at  an  upper  surface  of  the  clad 
metal  11  as  shown  in  Fig.  2a.  Then,  a  circular  recess 
14  is  provided  on  a  flat  surface  of  the  firing  portion  13 

so  by  a  press  pin  (not  shown).  The  recess  14  measures 
0.9  mm  in  diameter  and  0.1  mm  in  depth,  and  the  vol- 
ume  ofthe  recess  14  generally  corresponds  to  that  of 
the  noble  metal  material  50. 

In  this  instance,  the  noble  metal  material  50  is  in 
55  the  form  of  disc-shaped  configuration  measuring  0.7 

mm  in  diameter  and  0.2  mm  in  thickness. 
(ii)  Upon  forming  the  noble  metal  portion  5,  the  noble 
metal  material  50  is  concentrically  placed  within  the 
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recess  14.,  and  laser  beams  (L)  are  applied  on  the  no- 
ble  metal  material  50  to  melt  it  in  the  recess  14  in  the 
range  of  70  -  100  %  by  weight  as  shown  in  Fig.  2b. 

In  this  instance,  the  laser  beam  welding  is  carried 
out  by  using  YAG  (yttrium,  aluminum  and  garnet)  las- 
er  beams  (L)  emitted  four  shots  at  1  0  mm  underfocus 
(1  pps)  with  one  shot  energy  and  pulse  duration  as  7.0 
Joules  and  2.0  milliseconds  respectively. 

Upon  melting  the  noble  metal  material  50  more 
than  70  %  by  weight,  a  molten  alloy  layer  51  is  formed 
in  which  a  component  ofthe  clad  metal  11  isthermally 
fused  into  the  noble  metal  material  50  in  the  range  of 
0.5  -  80.0  %  by  weight  as  shown  in  Fig.  2c.  Adiffused 
alloy  layer  52  is  formed  between  a  molten  alloy  layer 
51  and  the  firing  portion  13  of  the  clad  metal  11,  and 
a  depth  of  the  diffused  alloy  layer  52  extends  from 
several  urn  to  several  hundreds  ^m.  In  order  to  im- 
prove  the  performance  of  the  spark  plug,  it  is  found 
necessary  that  the  nobel  metal  component  contain- 
ing  in  the  tip  exceeds  70  %  by  weight.  In  this  instance, 
the  noble  metal  material  50  may  be  in  the  form  of 
powder,  it  is  necessary  to  perfectly  melt  the  noble 
metal  powder  by  100  %  by  weight. 

In  the  diffused  alloy  layer  52,  the  diffused  degree 
of  the  noble  metal  progressively  decreases  as  the 
layer  52  is  away  from  a  base  end  53  ofthe  molten  al- 
loy  layer  51.  The  component  of  the  clad  metal  11  is 
thermally  fused  into  the  base  end  53  ofthe  molten  al- 
loy  layer  51  so  that  the  thermal  expansional  coeffi- 
cient  ofthe  base  end  53  aproaches  to  that  ofthe  clad 
metal  11  .  With  the  formation  ofthe  diffused  alloy  lay- 
er  52  and  the  base  end  53  of  the  molten  alloy  layer 
51  ,  it  is  possible  to  prevent  the  thermal  stress  from  lo- 
cally  working  on  the  welded  portion  when  the  ground 
electrode  is  exposed  to  the  repeated  heat-cool  cycle. 
It  also  decreases  the  thermal  stress  itself  by  reducing 
the  differing  degree  ofthe  thermal  expansional  coef- 
ficient  in  the  direction  from  the  welded  portion  to  the 
clad  metal  11.  This  makes  it  possible  to  prevent  the 
growth  of  cracks  at  the  welded  portion  or  in  the  prox- 
imity  ofthe  welded  portion  so  as  to  avoid  the  molten 
alloy  layer  51  from  peeling  off  the  clad  metal  11  ofthe 
ground  electrode  1. 

Fig.  3  shows  a  second  embodiment  ofthe  inven- 
tion  in  which  a  surface  discharge  gap  (Ga)  and  an  air 
gap  (Gb)  are  provided  in  a  semi-surface-discharge 
type  spark  plug  201.  A  ring-shaped  noble  metal  ma- 
terial  60  is  laser-welded  to  an  outer  side  wall  42  of  a 
front  end  of  the  center  electrode  4  so  as  to  provide  a 
noble  metal  portion  6.  The  surface  discharge  gap 
(Ga)  is  a  distance  measured  along  the  discharge  sur- 
face  32  between  the  noble  metal  portion  6  and  an  out- 
er  surface  33  of  the  insulator  3.  The  air  gap  (Gb)  is  a 
distance  between  the  firing  end  13  of  the  ground  elec- 
trode  1  and  the  outer  surface  33  of  the  insulator  3  as 
shown  in  Fig.  3. 

According  to  the  second  embodiment  of  the  in- 
vention,  the  center  electrode  is  made  as  follows: 
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(i)  By  using  a  cutter,  an  annular  recess  43  is  pro- 
vided  with  a  side  wall  42  of  a  front  portion  ofthe 
center  electrode  4  as  shown  in  Fig.  4a.  The  re- 
cess  43  measures  0.6  mm  in  width  and  0.1  mm 

5  in  depth,  and  the  volume  ofthe  recess  43  gener- 
ally  corresponds  to  that  ofthe  noble  metal  mate- 
rial  60.  In  this  instance,  the  material  60  is  made 
by  circularly  bending  a  noble  metal  wire  of  0.3  mm 
in  diameter. 

10  (ii)  The  noble  metal  ring  60  is  placed  in  the  recess 
43,  and  the  laser  beams  (L)  are  applied  perpen- 
dicular  to  an  outer  surface  61  of  the  noble  metal 
ring  60  as  shown  in  Fig.  4b. 
In  this  instance,  the  laser  beam  welding  is  carried 

15  out  by  using  YAG  (yttrium,  aluminum  and  garnet)  las- 
er  beams  (L)  emitted  forty-eight  shots  at  11  mm  un- 
derfocus  (5  pps)  with  one  shot  energy  and  pulse  dur- 
ation  as  7.5  Joules  and  2.0  milliseconds  respectively 
emitted  forty-eight  shots  at  11  mm  underforcus  (5 

20  pps)  with  one  shot  energy  and  pulse  duration  as  7.5 
Joules  and  2.0  miliseconds  respectively,  emitted  thir- 
ty-six  shots  at  2  mm  center  electrode  diameter  and 
just  forcus  (12  pps)  with  one  shot  energy  and  pulse 
duration  as  5  to  6  Joules  and  2.0  milliseconds  respec- 

25  tively,  and  emitted  forty-eight  shots  at  2.5  mm  center 
electrode  diameter  and  just  forcus  (14  pps)  with  one 
shot  energy  and  pulse  duration  as  5.5  to  6.5  Joules 
and  2.0  milliseconds  respectively.  During  the  laser 
beam  welding  operation,  the  center  electrode  4  is  ro- 

30  tated  at  the  speed  of  5nl6  rad/sec  so  as  to  emit  the 
laser  beams  (L)  all  through  the  circumferential  length 
ofthe  noble  metal  ring  60.  Instead  ofthe  noble  metal 
ring  60,  a  straight  wire  may  be  used  so  that  the  lead- 
ing  end  of  the  wire  is  placed  in  the  recess  43,  and  the 

35  center  electrode  4  is  rotated  while  applying  the  laser 
beams  (L)  consecutively  from  the  leading  end  to  the 
successive  portion  ofthe  wire. 

Upon  melting  the  noble  metal  ring  more  than  70 
%  by  weight,  a  molten  alloy  layer  62  is  formed  in  which 

40  a  component  of  a  clad  metal  44  of  the  center  elec- 
trode  4  is  thermally  fused  into  the  noble  metal  ring  60 
in  the  range  of  0.5  -  80.0  %  by  weight-as  shown  in 
Fig.  4c.  A  diffused  alloy  layer  62  is  formed  between 
the  molten  alloy  layer  62  and  the  clad  metal  44  ofthe 

45  center  electrode  4,  and  a  depth  of  the  diffused  alloy 
layer  52  extends  from  several  urn  to  several  hundreds 
urn.  This  makes  it  possible  to  prevent  the  growth  of 
cracks  at  the  welded  portion  or  in  the  neighborhood 
ofthe  welded  portion  so  as  to  avoid  the  molten  alloy 

so  layer  62  from  inadvertently  peeling  off  the  clad  metal 
44  of  the  center  electrode  4. 

Fig.  5  is  a  graph  showing  how  many  hours  are  re- 
quired  forthe  noble  metal  portion  6  to  peel  off  the  clad 
metal  44  depending  on  how  much  the  molten  layer  62 

55  contains  the  component  of  the  clad  metal  44.  The 
graph  is  obtained  after  carrying  out  an  endurance 
heat-cool  cycle  alternately  between  a  full  throttle 
(5000  rpm)  for  1  min.  and  an  idle  operation  for  1  min. 

3 
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with  the  spark  plug  (A)  and  a  prior  art  counterpart 
mounted  on  an  internal  combustion  engine  (six-cylin- 
der,  2000  cc)  respectively.  In  the  prior  art  counterpart, 
a  noble  metal  portion  is  provided  by  means  of  electric 
resistance  welding. 

It  is  found  from  Fig.  5  that  it  takes  much  longer  for 
the  noble  metal  portion  6  to  peel  off  the  side  wall  42 
of  the  center  electrode  4  compared  to  prior  art  coun- 
terpart  when  the  molten  alloy  layer  62  contains  the 
component  ofthe  clad  metal  44  more  than  0.5%  by 
weight. 

Fig.  6  is  a  graph  showing  how  the  spark  gap  in- 
crement  changes  depending  on  how  much  the  molten 
layer'  62  contains  the  component  of  the  clad  metal 
44.  The  graph  is  obtained  after  carrying  out  an  endur- 
ance  test  at  full  throttle  (5500  rpm)  with  spark  plugs 
(B)  ~  (D)  mounted  on  an  internal  combustion  engine 
(four-cylinder,  1600  cc)  respectively. 

In  the  spark  plugs  (B)  ~  (D),  the  molten  alloy  lay- 
er  62  in  turn  contains  the  component  of  the  clad  metal 
44  by  90%,  80%,  20%  and  10%  by  weight. 

It  is  found  from  the  endurance  test  that  the  spark 
gap  increment  augments  to  accelerate  the  spark  ero- 
sion  ofthe  clad  metal  44  when  the  molten  alloy  layer 
62  contains  the  component  of  the  clad  metal  44  ex- 
cessively. 

Although  a  relatively  small  amount  ofthe  spark 
erosion  is  maintained  in  the  prior  art  counterpart  in 
which  the  noble  metal  tip  is  provided  by  means  of 
electric  resistance  welding,  it  is  possible  to  control  the 
spark  erosion  by  selecting  the  kind  ofthe  noble  metal 
material  6  and  the  shooting  condition  of  the  laser 
beams  (L)  as  shown  at  the  spark  plug  (E)  in  Fig.  6. 
With  the  use  ofthe  noble  metal  portion  6,  its  flake- 
resistant  property  is  significantly  improved  with  rela- 
tively  low  cost  as  evidenced  by  Fig.  5,  it  is  sufficiently 
enough  to  put  the  spark  plug  into  practical  use  as  long 
as  the  molten  alloy  layer  62  contains  the  component 
ofthe  clad  metal  44  by  80  %  or  less. 

As  apparent  from  the  foregoing  description,  the 
noble  metal  portion  is  maintained  generally  flush  with 
the  outer  surface  ofthe  electrode,  thus  making  it  pos- 
sible  to  keep  a  uniform  spark  gap  interval  with  a  low 
cost  upon  putting  it  to  mass  production. 

Further,  the  noble  metal  portion  has  the  molten 
alloy  layer  62  which  contains  the  component  of  the 
clad  metal,  thus  making  it  possible  to  effectively  pre- 
vent  the  development  and  growth  ofthe  cracks  at  the 
welding  portion  or  in  the  neighborhood  of  the  welding 
portion  so  as  to  conducive  to  a  long  service  life. 

It  is  noted  that  the  insulator  3  may  be  made  by 
ceramic  material  with  AIN  as  a  main  component. 

Further,  it  is  also  appreciated  that  the  ground 
electrode  1  may  be  made  in  integral  with  the  front  end 
ofthe  metallic  shell  2. 

While  the  invention  has  been  described  with  ref- 
erence  to  the  specific  embodiments,  it  is  understood 
that  this  description  is  not  to  be  construed  in  a  limiting 

sense  in  as  much  as  various  modifications  and  addi- 
tions  to  the  specific  embodiments  may  be  made  by 
skilled  artisan  without  departing  from  the  scope  of 
the  invention. 

5 

Claims 

1.  A  method  of  making  a  spark  plug  electrode  com- 
10  prising  the  steps  of: 

preparing  an  electrode  blank  having  a  fir- 
ing  portion  at  one  end  ofthe  electrode  blank; 

providing  a  recess  at  the  firing  portion  of 
the  electrode  blank; 

15  placing  noble  metal  material  in  the  recess; 
and 

applying  laser  beams  to  the  noble  metal 
material  in  the  recess  to  melt  the  noble  metal  ma- 
terial  in  the  range  of  70%  -  1  00%  by  weight  so  as 

20  to  form  a  noble  metal  tip,  a  component  of  the 
electrode  blankbeing  thermally  fused  intothe  no- 
ble  metal  tip  in  the  range  of  0.5%  -  80.0%  by 
weight. 

25  2.  A  method  of  making  a  spark  plug  electrode  com- 
prising  the  steps  of: 

preparing  an  electrode  blank  having  a  fir- 
ing  portion  at  one  end  ofthe  electrode  blank; 

providing  a  recess  at  the  firing  portion  of 
30  the  electrode  blank; 

placing  noble  metal  material  in  the  recess; 
and 

applying  laser  beams  to  the  noble  metal 
material  in  the  recess  to  melt  70%  -  100%  by 

35  weight  of  the  noble  metal  material  so  as  to  form 
a  noble  metal  tip,  a  portion  ofthe  electrode  blank 
also  being  thermally  fused  into  the  noble  metal 
tip  and  constituting  0.5%-  80.0%  by  weight  of  the 
noble  metal  tip. 

40 
3.  A  method  of  making  a  spark  plug  electrode  as 

claimed  in  claim  1  or  claim  2,  wherein  the  noble 
metal  material  is  in  the  form  of  a  powder  and  is 
melted  by  100%  by  weight. 

45 
4.  A  method  of  making  a  spark  plug  electrode  as 

claimed  in  any  ofthe  preceding  claims,  wherein 
the  volume  of  the  recess  substantially  corre- 
sponds  to  that  ofthe  noble  metal  material. 

50 
5.  A  method  of  making  a  spark  plug  electrode  as 

claimed  in  any  one  of  the  preceding  claims, 
wherein  the  noble  metal  material  is  one  selected 
from  the  group  consisting  of  Pt,  Ir,  a  Pt-Ni  alloy, 

55  a  Pt-lr  alloy  and  an  Ir-based  alloy  containing  ox- 
ide  of  rare  earth  metals. 

6.  A  method  of  making  a  spark  plug  electrode  as 

4 
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claimed  in  any  one  of  the  preceding  claims, 
wherein  the  electrode  blank  includes  a  clad  metal 
and  a  heat-conductive  core  embedded  in  the  clad 
metal. 

5 
A  spark  plug  electrode  manufactured  in  accor- 
dance  with  a  method  as  claimed  in  any  ofthe  pre- 
ceding  claims. 

A  spark  plug  including  a  spark  plug  electrode  as  10 
claimed  in  claim  7. 
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