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Description 

This  invention  provides  a  method  of  making  a  spark 
plug  by  which  a  noble  metal  tip  is  secured  to  a  front  end 
of  a  centre  electrode,  the  noble  metal  tip  being  resistant 
to  spark-erosion. 

In  a  centre  electrode  of  a  spark  plug,  a  composite 
structure  has  been  used  in  which  a  heat-conductive  core 
(Cu)  is  embedded  in  a  heat-and-erosion-resistant  clad 
metal  (nickel-based  alloy)  as  shown  in  Japanese  Patent 
Publication  No.  59-2152.  According  to  the  Japanese 
Patent  Publication  No.  59-2152,  a  noble  firing  tip  is  fur- 
ther  bonded  to  a  front  end  of  the  clad  metal  by  means 
of  electric  resistance  welding  so  as  to  improve  its  spark- 
erosion  resistant  property.  After  completing  the  electric 
resistance  welding,  the  front  end  of  the  clad  metal  is 
milled  to  make  the  front  end  diametrically  even  with  the 
firing  tip. 

With  this  method  the  electric  resistance  welding  tip 
is  embedded  in  the  front  end  of  the  clad  metal  and  edged 
corner  of  the  firing  tip  is  rounded  under  the  influence  of 
the  heat  and  pressure  to  which  the  firing  tip  is  subjected. 

Asa  result,  a  higher  voltage  is  required  for  the  spark 
plug  to  establish  a  spark  discharge  between  its  elec- 
trodes.  To  cut  the  front  end  of  the  clad  metal  in  order  to 
reduce  the  required  spark  voltage  and  improve  the  ig- 
nitability,  it  is  unavoidable  to  mill  the  firing  tip  which 
wastes  the  expensive  noble  metal. 

When  the  front  end  of  the  clad  metal  is  eroded, 
rounding  the  corner  of  the  firing  tip,  after  only  a  short 
elapse  of  service  hours,  a  significantly  higher  voltage  is 
required  for  the  spark  plug  to  establish  the  spark  dis- 
charge  between  its  electrodes. 

US-A-4,963,  1  1  2  and  its  equivalent  WO-A-89/01  71  7 
disclose  a  method  of  securing  a  disc-shaped  tip  to  the 
centre  electrode  of  a  spark  plug  by  applying  a  laser 
beam  to  the  end  face  of  the  tip.  Fig.  3  of  US-A-4,963,112 
shows  the  facing  edge  corner  of  the  welded  tip  to  have 
become  rounded  after  welding. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  a  method  of  making  a  spark  plug  which 
includes  an  electrode  blank  metal  to  which  an  erosion 
resistant  disc-shaped  tip  is  secured,  the  method  com- 
prising  steps  of: 

(i)  providing  said  electrode  blank  metal  with  a  neck 
portion; 
(ii)  arranging  said  tip  on  an  end  surface  of  said  neck 
portion;  and 
(iii)  securing  said  tip  to  said  end  surface  of  said  neck 
portion  by  applying  a  laser  beam  to  weld  said  tip  to 
said  neck  portion, 

characterised  in  that  said  securing  step  comprises 
pressing  said  tip  against  said  end  surface  and  simulta- 
neously  applying  the  laser  beam  around  the  outer  cir- 
cumference  of  the  interface  between  said  tip  and  said 
end  surface  of  said  neck  portion  thereby  forming  weld 

at  the  interface  therebetween. 
By  bonding  the  disc-shaped  tip  to  the  front  end  of 

the  neck  portion  of  the  electrode  blank  metal  by  means 
of  the  laser  beam  welding,  it  is  possible  to  protect  the 

5  edged  corner  of  the  tip  against  deformation.  If  the  disc- 
shaped  tip  is  made  of  a  noble  metal,  it  is  possible  to 
significantly  reduce  an  amount  of  spark  erosion  so  as  to 
contribute  to  an  extended  service  life. 

Preferably,  the  pressing  is  carried  out  by  a  jig  press. 
10  Advantageously,  the  pressing  force  is  in  the  range 

from  range  from  (0.500  x  g)N  to  (3.000  x  g)N,  and  pref- 
erably  in  the  range  from  (0.600  x  g)N  to  (2.500  x  g)N, 
where  g  is  the  acceleration  due  to  gravity  measured  in 
ms"1. 

is  Preferably  said  electrode  blank  metal  is  provided 
with  a  barrel  portion,  and  said  neck  portion  is  straight 
and  has  a  smaller  diameter  than  said  barrel  portion,  and 
said  electrode  blank  metal  is  provided  with  a  tapered 
surface  connecting  said  neck  portion  with  said  barrel 

20  portion. 
Advantegously,  dimensions  of  the  spark  plug  are 

defined  by: 

„  0.5  mm  s D ^   1.5  mm, 

0.3  mm  g  T  g  0.6  mm, 

0.0  mm  g  (d-D)/2  g  0.2  mm, 

0.2  mm  s L S   0.5  mm, 

D  is  a  diameter  of  said  disc-shaped  tip, 
T  is  a  thickness  of  said  disc-shaped  tip 
d  is  a  diameter  of  said  neck  portion,  and 
L  is  a  length  of  said  neck  portion. 

Advantagously,  said  neck  portion  is  provided  with  a 
recess  in  its  end,  said  recess  being  shaped  to  accept 
said  tip  and  defining  a  wall  around  said  end  surface  of 
said  electrode  blank  metal,  said  tip  being  arranged  in 
said  recess  and  said  laser  beam  being  applied  around 
the  circumference  of  the  outer  side  of  said  wall,  such 
that  said  weld  extends  completely  through  said  wall  to 
said  interface  between  said  disc-shaped  tip  and  said 
end  surface  of  said  neck  portion. 

The  recess  of  the  straight  neck  portion  can  serve 
as  a  guide  which  places  the  disc-shaped  tip  in  position 
to  keep  the  tip  in  stable  shape  after  completing  the  laser 
beam  welding. 

By  placing  the  disc-shaped  tip  in  the  recess,  and 
applying  the  laser  beam  welding  through  the  outer  wall 
of  the  recess,  it  is  possible  to  sufficiently  reduce  pin 
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holes  and  variation  of  penetrated  depth  of  the  welded 
portion  which  occur  in  the  case  where  the  absorption 
rate  of  the  laser  beams  significantly  differs  between 
members  such  as  for  example,  the  noble  metal  and  the 
nickel  metal.  s 

Advantageously,  the  dimensions  of  the  spark  plug 
are  defined  by  : 

0.5  mm  ^ D ^   1.5  mm, 

0.3  mm   ̂ TS  0.6  mm, 

15 
0.01  mm  g  (A-D)  g  0.1  mm, 

0.05  mm  g  B  g  0.2  mm, 
20 

0.05  mm  g  (d-A)/2  g  0.2  mm, 

electode  in  which  the  laser  beam  welding  is  carried 
out  without  using  the  press  jig,  but  a  left  half  of  the 
front  portion  of  the  center  electrode  is  sectioned; 
Fig.  3  is  a  graph  showing  a  relationship  between  a 
load  (g)  of  the  press  jig  and  an  axial  elongation  (1 
mm)  of  the  disc-shaped  tip; 
Fig.  4  is  a  longitudinal  cross  sectional  view  of  the 
front  portion  of  the  center  electrode  to  show  a  di- 
mensional  relationship  on  D,  T,  A,  B,  d  and  L; 
Fig.  5  is  a  graph  showing  a  relationship  between  a 
diameter  of  the  disc-shaped  tip  and  a  spark  gap  in- 
crement; 
Fig.  6  is  a  plan  view  of  the  front  portion  of  the  center 
electrode  when  a  thickness  of  a  disc-shaped  tip  is 
less  than  0.3  mm,  but  its  left  half  is  sectioned; 
Figs.  7a  ~  7c  are  schematic  views  showing  a  se- 
quential  process  of  making  a  center  electrode  ac- 
cording  to  a  second  embodiment  of  the  invention; 
Figs.  8a  and  8b  are  views  similar  to  Figs.  2a  and 
Fig.  2b 
Figs.  9a  and  9b  are  views  similar  to  Fig.  4;  and 
Fig.  1  0  is  a  view  similar  to  Fig.  6. 

0.2  mm  S  Ls  0.5  mm, 

where 

D  is  a  diameter  of  said  disc-shaped  tip, 
T  is  a  thickness  of  said  disc-shaped  tip 
A  is  a  diameter  of  said  recess, 
B  is  a  depth  of  said  recess, 
d  is  a  diameter  of  said  neck  portion,  and 
L  is  a  length  of  said  neck  portion. 

With  these  dimensions,  it  is  possible  to  physically 
strengthen  the  bonding  between  the  disc-shaped  tip  and 
the  front  end  of  the  straight  neck  portion  of  the  electrode 
blank  metal  with  the  minimum  pin  holes  and  variation  of 
penetrated  depth  of  the  welded  portion  while  keeping 
the  edged  corner  of  the  tip  in  a  good  shape. 

Preferably,  said  tip  is  arranged  concentrically  on 
said  end  surface  and  said  laser  beam  is  applied  around 
said  neck  portion  by  rotating  said  electrode  blank  metal 
and  such  that  weld  extends  substantially  entirely  around 
said  circumference  of  said  neck  portion. 

These  and  other  advantages  of  the  invention  will  be 
apparent  from  to  the  following  non-limitative  description, 
given  with  reference  to  the  drawings  in  which: 

Figs.  1  a-1  d  are  schematic  views  showing  a  sequen- 
tial  process  of  making  a  center  electrode  according 
to  a  first  embodiment  of  the  invention; 
Fig.  2a  is  a  plan  view  of  a  front  portion  of  the  center 
electrode  in  which  a  laser  beam  welding  is  carried 
out  with  a  press  jig  being  used,  but  a  left  half  of  the 
front  portion  of  the  center  electrode  is  sectioned; 
Fig.  2b  is  a  plan  view  of  the  front  portion  of  the  center 

Referring  to  Figs.  1  a  ~  1  d  which  show  a  sequential 
process  of  a  center  electrode  according  to  a  first  em- 
bodiment  of  the  invention,  the  center  electrode  is  man- 
ufactured  as  follows: 

In  a  first  step  shown  in  Fig.  1a,  an  electrode  blank 
metal  1  is  prepared  by  embedding  a  heat-conductive 
core  (Cu  or  Ag)  1  2  in  a  columnar  clad  metal  1  1  by  means 
of  a  plastic  working.  The  clad  metal  11  is  made  of  an 
Inconel  600  (Ni-Cr-Fe  alloy)  or  a  nickel-alloyed  metal 
containing  Si,  Mn  and  Cr.  During  the  process  in  which 
the  embedding  the  heat-conductive  core  (Cu  or  Ag)  12 
in  the  clad  metal  11,  a  small  recess  15  is  provided  at  a 
front  end  surface  (spark  discharge  end)  14  of  the  elec- 
trode  blank  metal  1  by  a  lug  portion  (not  shown)  provided 
on  a  press  pin  which  presses  the  front  end  surface  14 
at  the  time  of  forming  a  flange  tail  1  3  on  a  rear  end  of 
the  electrode  blank  metal  1  . 

In  a  second  step  shown  in  Fig.  1b,  a  diameter-re- 
duced  straight  neck  portion  1A  is  concentrically  provid- 
ed  around  the  small  recess  15  by  milling  a  front  end  of 
the  electrode  blank  metal  1.  The  straight  neck  portion 
1  A  has  a  diameter  greater  than  the  small  recess  1  5,  but 
smaller  than  a  barrel  portion  17  of  the  electrode  blank 
metal  1.  Upon  forming  the  straight  neck  portion  1A,  a 
tapered  surface  1B  is  provided  between  the  straight 
neck  portion  1A  and  the  barrel  portion  17  in  a  manner 
to  progressively  connect  toward  the  barrel  portion  17. 

In  a  third  step  shown  in  Fig.  1c,  a  bottom  end  21  of 
a  disc-shaped  tip  2  is  placed  in  the  small  recess  15  to 
be  electrically  In  contact  with  an  inner  bottom  18  of  the 
recess  15.  In  this  instance,  the  tip  2  is  made  of  a  thin 
metal  such  as  Pt-lr  alloy,  Au,  Pt,  Ir  or  Ir-alloy  containing 
an  oxide  of  the  rare  earth  metal. 

In  a  fourth  step  shown  in  Fig.  1d,  laser  beam  weld- 
ing  is  carried  out  by  using  YAG  (yttrium,  aluminum  and 
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garnet)  laser  beams  (Lb)  emitted  in  the  direction  parellel 
to  the  inner  bottom  18  of  the  recess  15  with  one  shot 
energy  as  2.0  Joules.  The  laser  beams  (Lb)  are  applied 
intermittently  to  an  outer  wall  16  of  the  recess  15  sub- 
stantially  all  through  its  circumferential  length,  while  at 
the  same  time,  the  tip  2  tightly  engages  against  the  inner 
bottom  18  of  the  recess  15  by  means  of  a  press  jig  4. 
During  the  process  of  applying  the  laser  beams  (Lb),  the 
laser  beams  (Lb)  are  emitted  sufficient  times  to  at  least 
partly  overlap  the  neighboring  shot  spots  (L1)  substan- 
tially  all  through  its  circumferential  length.  In  each  of  the 
shot  spots  (L1),  a  welding  solidification  portion  3  is 
formed  in  which  the  tip  2  and  the  straight  neck  portion 
1  A  are  partly  melted  each  other  so  as  to  tightly  secure 
the  tip  2  to  the  straight  neck  portion  1  A. 

In  this  instance,  the  tip  2  is  welded  to  the  straight 
neck  portion  1  A  through  the  outer  wall  1  6  of  the  recess 
15,  thus  making  it  possible  to  reduce  blow  holes  and 
variation  of  the  penetrated  depth  of  the  welded  portion 
under  the  circumstances  that  there  is  a  significant  dif- 
ference  in  laser  beam  absorption  rate  between  the  tip  2 
and  the  straight  neck  portion  1  A. 

The  welding  solidification  portion  3  is  such  that  it 
has  an  intermediate  physical  property  (e.g.  thermal  ex- 
pansional  coefficient)  between  the  straight  neck  portion 
1  A  and  the  tip  2.  This  makes  it  difficult  for  the  tip  (2)  to 
inadvertently  fall  off  the  straight  neck  portion  1  A  due  to 
the  thermal  expansional  difference  therebetween  when 
the  front  end  of  center  electrode  is  exposed  to  a  high 
temperature  environment. 

During  carrying  out  the  laser  beam  welding  as  de- 
scribed  in  the  fourth  step,  a  front  portion  of  the  disc- 
shaped  tip  2  is  subjected  to  an  axial  elongation  (I)  as 
shown  in  Fig.  2b.  However,  the  use  of  the  press  jig  4 
prevents  the  axial  elongation  (I)  since  the  press  jig  4 
keeps  to  impose  1  kg  load  on  the  disc-shaped  tip  2  in 
the  direction  in  which  the  tip  2  tightly  engages  against 
the  inner  bottom  18  of  the  recess  15  as  shown  Fig.  2a. 
The  use  of  the  press  jig  4  also  prevents  the  tip  2  from 
inadvertently  slipping  out  of  the  normal  place  during  car- 
rying  out  the  laser  beam  welding. 

Fig.  3  is  a  graph  showing  a  relationship  between  the 
imposing  load  (g)  and  the  axial  enlongation  (I  mm)  of  the 
tip  2.  It  is  found  that  the  axial  elongation  (I)  is  appreciable 
when  the  imposing  load  is  less  than  500  g,  but  the  press 
jig  4  leaves  its  imposing  mark  on  a  front  end  surface  22 
of  the  tip  2  when  the  load  exceeds  3000  g  as  understood 
from  Fig.  3.  The  imposing  load  is  preferably  in  the  range 
of  600  g  to  2500  g. 

As  shown  in  Fig.  4,  a  dimensional  relationship  on 
D,  T,  A,  B,  d  and  L  is  as  follows: 

0.5  mm  ^ D ^   1.5  mm, 

0.3  mm   ̂ TS  0.6  mm, 

0.01  mm  g  (A-D)  g  0.1  mm, 

0.05  g  B  g  0.2, 

0.05  mm  g  (d-A)/2  g  0.2  mm,  and 

10 
0.2  mm  s L S   0.5  mm 

Where 

is  (D)  is  a  diameter  of  the  disc-shaped  tip  2, 
(T)  is  a  thickness  of  the  disc-shaped  tip  2, 
(A)  is  a  diameter  of  the  recess  15  of  the  straight  neck 
portion  1A, 
(B)  is  a  depth  of  the  recess  15  of  the  straight  neck 

20  portion  1A, 
(d)  is  a  diameter  of  the  straight  neck  portion  1  A  and 
(L)  is  a  length  of  the  straight  neck  portion  1  A. 

Fig.  5  shows  a  graph  how  the  spark  gap  changes 
25  depending  on  the  diameter  (D)  of  the  disc-shaped  tip  2. 

The  graph  is  obtained  after  carrying  out  an  endurance 
experiment  test  at  full  throttle  (5000  rpm)  for  300  hrs  with 
the  spark  plug  100  mounted  on  an  internal  combustion 
engine  (six-cylinder,  2000  cc). 

30  As  apparent  from  Fig.  5,  the  spark  discharge  con- 
centrates  on  the  tip  2  to  rapidly  increase  the  spark  gap 
when  the  diameter  (D)  of  the  tip  2  is  less  than  0.5  mm. 
That  is  to  say,  the  diameter  (D)  less  than  0.5  mm  prompt- 
ly  develops  the  spark  erosion  of  the  tip  2  although  the 

35  voltage  required  for  the  spark  plug  to  discharge  is  re- 
duced  with  the  decrease  of  the  diameter  (D). 

Meanwhile,  the  diameter  (D)  exceeding  1.5  mm 
worsens  the  ignitability  by  the  increased  surface  area  of 
the  tip  2,  and  at  the  same  time,  increasing  an  amount  of 

40  the  noble  metal  to  make  it  costly. 
Fig.  6  shows  the  front  end  portion  of  the  center  elec- 

trode  in  which  the  thickness  (T)  of  the  tip  2  is  less  than 
0.3  mm.  When  the  thickness  (T)  is  less  than  0.3  mm,  an 
edged  corner  23  of  the  tip  2  is  rounded  at  the  time  of 

45  applying  the  laser  beam  welding  so  as  to  increase  the 
voltage  required  for  the  spark  plug  to  establish  the  spark 
discharge. 

The  reason  why  the  thickness  (T)  of  the  tip  2  is  less 
than  0.6  mm  is  that  the  amount  of  the  noble  metal  not 

50  involved  in  the  spark-erosion  resistance  increases  to 
make  it  costly  when  the  thickness  (T)  exceeds  0.6  mm. 

In  connection  with  the  diameter  (A)  of  the  recess 
15,  the  diameter  (A)  is  0.85  mm  while  the  depth  (B)  of 
the  recess  15  is  0.  1  5  mm  by  way  of  illustration.  The  tip 

55  2  is  not  smoothly  placed  in  the  recess  15  when  the  dif- 
ferential  dimension  (A-D)  is  less  than  0.01  mm.  When 
the  differential  dimension  (A-D)  exceeds  0.  1  mm,  the  tip 
2  easily  slips  out  of  place  so  as  to  fail  to  serve  as  a  guide 
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which  places  the  tip  2  in  position.  Therefore,  it  is  prefer- 
able  that  the  diameter  (A)  is  greater  than  the  diameter 
(D)  of  the  tip  2  by  0.05  ~  0.07. 

When  the  depth  (B)  of  the  recess  15  is  too  short, 
the  tip  2  easily  slips  out  of  place  so  as  to  fail  to  serve  as 
a  guide  which  places  the  tip  2  in  position.  A  greater  depth 
(B),  however,  makes  the  life  of  the  lug  portion  of  the 
press  pin  short.  Therefore,  it  is  preferable  that  the  depth 
(B)  is  in  the  range  of  0.05  mm  to  0.2  mm  (more  prefer- 
ably  0.1  mm  ~  0.15  mm). 

The  dimension  (D-A)/2  which  is  equivalent  to  a 
thickness  of  the  outer  wall  16  of  the  recess  15  is  in  the 
range  of  0.05  mm  ~  0.2  mm.  When  the  dimension  (D- 
A)/2  is  less  than  0.05  mm,  the  wall  1  6  becomes  short  of 
mechanical  strength  so  that  the  wall  16  is  readily  de- 
formed  even  with  a  small  amount  of  an  outer  force. 
When  the  dimension  (D-A)/2  exceeds  0.2  mm,  it  is  pos- 
sible  to  obtain  a  sufficient  length  in  which  the  welding 
solidification  portion  3  penetrates  toward  the  tip  2  since 
the  tip  is  welded  throught  the  outer  wall  16.  This  also 
makes  possible  to  increase  the  variation  of  the  penetrat- 
ed  length  of  the  welding  solidification  portion  3. 

When  the  length  (L)  of  the  straight  neck  portion  1  A 
is  less  than  0.2  mm,  the  heat  of  the  laser  beam  welding 
is  partially  drawn  from  the  clad  metal  11  to  the  heat-con- 
ductive  core  12.  This  makes  it  difficult  to  evenly  melt  the 
tip  2  and  the  straight  neck  portion  1A. 

When  the  length  (L)  of  the  straight  neck  portion  1  A 
exceeds  0.5  mm,  the  clad  metal  11  is  exposed  to  an  in- 
creased  amount  of  the  laser  beam  heat  so  as  to  develop 
blow  holes  or  cracks  in  the  welding  solidification  portion 
3  at  the  time  of  carrying  out  the  laser  beam  welding  par- 
ticularly  because  the  clad  metal  11  has  a  melting  point 
smaller  than  the  tip  2. 

According  to  the  invention,  the  tip  2  is  secured  to 
the  straight  neck  portion  1  A  by  means  of  the  laser  beam 
welding  so  that  the  tip  2  is  prevented  from  buckling  down 
while  keeping  the  corner  of  the  tip  2  in  good  shape.  The 
provision  of  the  recess  15  makes  it  possible  to  prevent 
the  tip  2  from  slipping  out  of  place  at  the  time  of  placing 
the  tip  2  in  the  recess  1  5.  With  the  laser  beams  (Lb)  shot 
through  the  outer  wall  1  6  of  the  recess  1  5,  it  makes  pos- 
sible  to  prevent  the  blow  holes  or  cracks  from  develop- 
ing  in  the  the  welding  solidification  portion  3  at  the  time 
of  carrying  out  the  laser  beam  welding. 

In  the  above  embodiment  of  the  invention,  the  re- 
cess  15  is  provided  on  the  front  end  surface  14  of  the 
electrode  blank  metal  1  in  the  first  step,  and  the  straight 
neck  portion  1  A  and  the  tapered  surface  1  B  are  provide 
by  means  of  milling  procedure  in  the  second  step.  How- 
ever  the  second  step  may  precede  the  first  step  in  which 
the  straight  neck  portion  1  A  and  the  tapered  surface  1  B 
is  provided  in  the  first  step,  and  the  recess  1  5  is  provided 
in  the  second  step. 

Otherwise,  the  recess  15,  the  straight  neck  portion 
1  A  and  the  tapered  surface  1  B  may  be  concurrently  pro- 
vided  by  means  of  milling  procedure  so  as  to  make  the 
first  and  second  steps  unify. 

Referring  to  Figs.  7a~  7c  which  shows  a  sequential 
process  of  the  center  electrode  1  according  to  a  second 
embodiment  of  the  invention. 

In  a  first  step  shown  in  Fig.  7a,  the  center  electrode 
5  blank  metal  1  is  prepared  by  embedding  the  heat-con- 

ductive  core  (Cu  or  Ag)  12  in  the  columnar  clad  metal 
11  by  means  of  the  plastic  working.  The  clad  metal  11 
is  made  of  Inconel  600  (Ni-Cr-Fe  alloy)  or  the  nickel- 
alloyed  metal  containing  Si,  Mn  and  Cr.  The  electrode 

10  blank  metal  has  a  cone-shaped  portion  which  connects 
the  straight  neck  portion  1  A  to  the  barrel  portion  14  by 
means  of  milling  or  plastic  working.  The  straight  neck 
portion  1  A  (0.85mm  in  diameter  and  0.25mm)  in  height) 
is  diametrically  smaller  than  the  barrel  portion  14.  The 

is  disc-shaped  noble  metal  tip  2  is  0.8mm  in  diameter  and 
0.5mm)  in  height. 

A  shown  in  Fig.  7b,  the  center  electrode  blank  metal 
I  has  the  heat-conductive  core  1  2  in  the  columnar  clad 
metal  1  1  and  the  tip  2  placed  on  the  straight  neck  portion 

20  1A  to  cover  the  front  end  surface  13  of  the  clad  metal 
II  In  this  instance,  the  tip  2  is  made  of  a  thin  metal  such 
as  Pt-lr  alloy,  Au,  Pt,  Ir  or  Ir-alloy  containing  an  oxide  of 
the  rare  earth  metal. 

In  a  third  step  shown  in  Fig.  7c,  the  laser  beam  weld- 
25  ing  is  carried  out  by  using  YAG  (yttrium,  aluminum  and 

garnet)  laser  beams  (Lb)  emitted  in  the  direction  parellel 
to  the  interface  between  the  straight  neck  portion  1  A  and 
the  tip  2  with  one  shot  energy  as  2.0  Joules.  The  laser 
beams  (Lb)  are  applied  intermittently  to  the  interface 

30  substantially  all  or  entire  through  its  circumferential 
length,  while  at  the  same  time,  the  tip  2  is  tightly  engages 
against  the  front  end  surface  1  3  of  the  straight  neck  por- 
tion  1  A  by  means  of  the  press  jig  4.  During  the  process 
of  applying  the  laser  beams  (Lb),  the  laser  beams  (Lb) 

35  are  emitted  sufficient  times  (plurality)  to  at  leat  partly 
overlap  the  neighboring  shot  spots  (L1  )  substantially  all 
or  entire  through  its  circumferential  length.  In  each  of 
the  shot  spots  (L1),  the  welding  solidification  alloy  por- 
tion  3  is  formed  in  which  the  tip  2  and  the  straight  neck 

40  portion  1A  are  partly  fused  each  other  so  as  to  tightly 
secure  the  tip  2  to  the  straight  neck  portion  1  A. 

The  welding  solidification  alloy  portion  3  is  such  that 
it  has  an  intermediate  physical  property  (e.g.  thermal  ex- 
pansional  coefficient)  between  the  straight  neck  portion 

45  1A  and  the  tip  2.  This  makes  it  difficult  to  inadvertently 
fall  the  tip  2  off  the  straight  neck  portion  1A  due  to  the 
thermal  expansional  difference  therebetween  when  the 
front  end  of  center  electrode  is  exposed  to  a  high  tem- 
perature  environment. 

so  During  carrying  out  the  laser  beam  welding  as  de- 
scribed  in  Fig.  7b,  the  front  portion  of  the  disc-shaped 
tip  2  is  subjected  to  an  axial  elongation  (I)  as  shown  in 
Fig.  2b  of  the  first  embodiment  of  the  invention.  Howev- 
er,  the  use  of  the  press  jig  4  prevents  the  axial  elongation 

55  (|)  since  the  press  jig  4  keeps  to  impose  1  kg  load  on  the 
disc-shaped  tip  2  in  the  direction  in  which  the  tip  2  tightly 
engages  against  the  front  end  of  the  straight  neck  por- 
tion  1A  as  previously  shown  in  Fig.  2b.  The  use  of  the 

5 
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press  jig  4  also  prevents  the  tip  2  from  inadvertently  slip- 
ping  out  of  the  normal  place  during  carrying  out  the  laser 
beam  welding. 

As  previously  shown  in  Fig.  3  of  the  first  embodi- 
ment  of  the  invention,  it  is  found  that  the  axial  elongation 
(I)  is  appreciable  when  the  imposing  load  is  less  than 
500  g,  but  the  press  jig  4  leaves  its  imposing  mark  on  a 
front  end  surface  22  of  the  tip  2  when  the  load  exceeds 
3000  g  as  understood  from  Fig.  3.  The  imposing  load  is 
preferably  in  the  range  of  600  g  to  2500  g. 

As  shown  in  Fig.  9a,  a  dimensional  relationship  on 
D,  T,  B  d  and  L  is  as  follows:  0.5  mm  g  D  g  1  .5  mm,  0.3 
mm  S T s   0.6  mm,  0  mm  g  (d-D)/2  g  0.2  mm  and  0.2 
mm  mm.  Where 

(D)  is  a  diameter  of  the  disc-shaped  tip  2, 
(T)  is  a  thickness  of  the  disc-shaped  tip  2, 
(d)  is  a  diameter  of  the  straight  neck  portion  1  A  and 
(L)  is  a  length  of  the  straight  neck  portion  1A. 

From  the  previous  graph  of  Fig.  5  which  shows  how 
the  spark  gap  changes  depending  on  the  diameter  (D) 
of  the  disc-shaped  tip  2.  The  graph  is  obtained  after  car- 
rying  out  an  endurance  experiment  test  at  full  throttle 
(5000  rpm)  for  300  hrs  with  the  spark  plug  1  00  mounted 
on  an  internal  combustion  engine  (six-cylinder,  2000 
cc). 

As  evidenced  from  Fig.  5  of  the  first  embodiment  of 
the  invention,  the  spark  discharge  concentrates  on  the 
tip  2  to  rapidly  increase  the  spark  gap  when  the  diameter 
(D)  of  the  tip  2  is  less  than  0.5  mm.  That  is  to  say,  the 
diameter  (D)  less  than  0.5  mm  promptly  develops  the 
spark  erosion  of  the  tip  2  although  the  voltage  required 
for  the  spark  plug  to  discharge  is  reduced  with  the  de- 
crease  of  the  diamter  (D). 

Meanwhile,  the  diameter  (D)  exceeding  1.5  mm 
causes  to  worsen  the  ignitablity  by  the  increased  sur- 
face  area  of  the  tip  2,  and  at  the  same  time,  increasing 
an  amount  of  the  noble  metal  to  make  it  costly. 

As  evident  from  Fig.  1  0,  the  front  end  portion  of  the 
center  electrode  in  which  the  thickness  (T)  of  the  tip  2 
is  less  than  0.3  mm.  When  the  thickness  (T)  is  less  than 
0.3  mm,  the  edged  corner  22  of  the  upper  surface  21  of 
the  tip  2  is  rounded  at  the  time  of  applying  the  laser  beam 
welding  so  as  to  increase  the  voltage  required  for  the 
spark  plug  to  establish  the  spark  discharge. 

The  reason  why  the  thickness  (T)  of  the  tip  6  is  less 
than  0.6  mm  is  that  the  amount  of  the  noble  metal  not 
involved  in  the  spark-erosion  resistance  increases  to 
make  it  costly  when  the  thickness  (T)  exceeds  0.6  mm. 

The  reason  why  the  dimension  (d-D)/2  should  be  in 
the  range  of  0  mm  ~  0.2  mm  is  as  follows: 

As  shown  in  Fig.  9b,  the  noble  metal  tip  2  is  welded 
to  the  front  end  13  of  the  straight  neck  portion  1A  by 
means  of  the  laser  beam  welding.  In  this  instance,  when 
the  straight  neck  portion  1  A  is  diametrically  same  as  the 
noble  metal  tip  2,  the  heat  of  the  laser  beams  (Lb)  is 
evenly  absorbed  by  the  tip  2  and  the  clad  metal  11  since 

there  is  no  stepped  surface  therebetween  at  the  points 
23  in  which  the  laser  beams  (Lb)  are  applied.  However 
when  there  is  a  stepped  portion  at  the  interface  more 
than  0.2  mm,  the  heat  of  the  laser  beams  (Lb)  is  dis- 

5  persed  to  be  insufficient  in  the  welding  portion  penetrat- 
ed  into  the  interface  so  as  to  vary  the  penetrated  depth 
of  the  welding  portion.  The  dimension  (d-D)/2  is  prefer- 
ably  in  the  range  of  0.1  mm  ~  0.15  mm. 

When  the  length  (L)  of  the  straight  neck  portion  1  A 
10  is  less  than  0.2  mm,  the  heat  of  the  laser  beam  welding 

is  partially  drawn  from  the  clad  metal  1  1  to  the  heat-con- 
ductive  core  1  2.  This  makes  it  difficult  to  evenly  melt  the 
tip  2  and  the  straight  neck  portion  1  A  each  other. 

When  the  length  (L)  of  the  straight  neck  portion  1  A 
is  exceeds  0.5  mm,  the  clad  metal  1  1  is  exposed  to  an  in- 

creased  amount  of  the  laser  beam  heat  so  as  to  develop 
blow  holes  or  cracks  in  the  welding  solidification  portion 
3  at  the  time  of  carrying  out  the  laser  beam  welding  par- 
ticularly  because  the  clad  metal  11  has  a  melting  point 

20  smaller  than  the  tip  2. 
According  to  the  second  embodiment  of  the  inven- 

tion,  the  tip  2  is  secured  to  the  straight  neck  portion  1A 
by  means  of  the  laser  beam  welding  so  that  the  tip  2  is 
prevented  from  buckling  down  while  keeping  the  corner 

25  of  the  tip  2  in  good  shape.  The  use  of  the  laser  beam 
welding  makes  it  possible  to  weld  the  electrode  materi- 
als  which  has  melting  point  higher  than  platinum,  and 
difficult  to  weld  by  means  of  electric  resistance  welding 

It  is  appreciated  that  in  order  to  impart  the  spark- 
so  erosion  resistant  property,  the  disc-shaped  tip  2  may  be 

made  of  Ru,  W  or  Cr  instead  of  Au,  Pt  or  Ir. 
It  is  also  noted  that  when  a  ground  electrode  is  pre- 

pared,  the  ground  electrode  may  be  made  in  integral 
with  the  metallic  shell  instead  of  welding  it  to  the  metallic 

35  shell. 
Further,  it  is  appreciated  that  when  a  ground  elec- 

trode  is  prepared,  the  ground  electrode  may  be  made 
of  a  combosite  column  in  which  a  copper  core  is  embed- 
ded  in  a  clad  metal  in  the  same  manner  as  the  electrode 

40  blank  metal  1  is  made  at  the  embodiment  of  the  inven- 
tion. 

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

45  in  as  much  as  various  modifications  and  additions  to  the 
specific  embodiments  may  be  made  by  skilled  artisan 
without  departing  from  the  scope  of  the  appended 
claims. 

1  .  A  method  of  making  a  spark  plug  which  includes  an 
electrode  blank  metal  (1  )  to  which  an  erosion  resist- 

55  ant  disc-shaped  tip  (2)  is  secured,  the  method  com- 
prising  steps  of: 

(i)  providing  said  electrode  blank  metal  (1  )  with 

50 
Claims 
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a  neck  portion  (1  A); 
(ii)  arranging  said  tip  (2)  on  an  end  surface  (1  3) 
of  said  neck  portion  (1  A);  and 
(iii)  securing  said  tip  (2)  to  said  end  surface  (1  3) 
of  said  neck  portion  (1a)  by  applying  a  laser 
beam  to  weld  said  tip  (2)  to  said  neck  portion 
(1A), 

characterised  in  that  said  securing  step  com- 
prises  pressing  said  tip  (2)  against  said  end  surface 
(13)  and  simultaneously  applying  the  laser  beam 
around  the  outer  circumference  of  the  interface  be- 
tween  said  tip  (2)  and  said  end  surface  (1  3)  of  said 
neck  portion  (1  a)  thereby  forming  weld  (3)  at  the  in- 
terface  therebetween. 

2.  A  method  according  to  claim  1  ,  wherein  said  press- 
ing  is  carried  out  by  a  press  jig  (4). 

3.  A  method  according  to  claim  1  or  2,  wherein  said 
pressing  is  carried  out  with  a  force  in  the  range  from 
(0.500  x  g)N  to  (3.000  x  g)N,  and  preferably  in  the 
range  from  (0.600  x  g)N  to  (2.500  x  g)N,  where  g  is 
the  acceleration  due  to  gravity  measured  in  ms_1. 

4.  A  method  according  to  any  one  of  claims  1  to  3, 
wherein  said  electrode  blank  metal  (1)  is  provided 
with  a  barrel  portion  (17),  and  said  neck  portion  (1  A) 
is  straight  and  has  a  smaller  diameter  than  said  bar- 
rel  portion  (17),  and  said  electrode  blank  metal  (1) 
is  provided  with  a  tapered  surface  (1  B)  connecting 
said  neck  portion  (1  A)  with  said  barrel  portion. 

5.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  dimensions  of  the  spark  plug  are 
defined  by: 

0.5  mm  SDS1 .5   mm, 

0.3  mm  g  T  g  0.6  mm, 

0.0  mm  g  (d-D)/2  g  0.2  mm, 

0.2  mm  s L S   0.5  mm, 

where 

D  is  a  diameter  of  said  disc-shaped  tip  (2), 
T  is  a  thickness  of  said  disc-shaped  tip  (2) 
d  is  a  diameter  of  said  neck  portion  (1A),  and 
L  is  a  length  of  said  neck  portion  (1A). 

6.  A  method  according  to  any  one  of  claims  1  to  4, 
wherein  said  neck  portion  (1A)  is  provided  with  a 

recess  (1  5)  in  its  end,  said  recess  (1  5)  being  shaped 
to  accept  said  tip  (2)  and  defining  a  wall  (1  6)  around 
said  end  surface  of  said  electrode  blank  metal  (1), 
said  tip  (2)  being  arranged  in  said  recess  (15)  and 

5  said  laser  beam  being  applied  around  the  circum- 
ference  of  the  outer  side  of  said  wall  (16),  such  that 
said  weld  (3)  extends  completely  through  said  wall 
(16)  to  said  interface  between  said  disc-shaped  tip 
(2)  and  said  end  surface  of  said  neck  portion  (1A). 

10 
7.  A  method  according  to  claim  6,  wherein  dimensions 

of  the  spark  plug  are  defined  by: 

_  0.5  mm  ^ D ^   1.5  mm, 

0.3  mm   ̂ TS  0.6  mm, 

20 
0.01  mm  g  (A-D)  g  0.1  mm, 

0.05  mm  g  B  g  0.2  mm, 
25 

0.05  mm  g  (d-A)/2  g  0.2  mm, 

30  0.2  mm  S  Ls  0.5  mm, 

where 

D  is  a  diameter  of  said  disc-shaped  tip  (2), 
35  T  is  a  thickness  of  said  disc-shaped  tip  (2) 

A  is  a  diameter  of  said  recess  (15), 
B  is  a  depth  of  said  recess  (15), 
d  is  a  diameter  of  said  neck  portion  (1  A),  and 
L  is  a  length  of  said  neck  portion  (1  A). 

40 
8.  A  method  according  to  any  one  of  the  preceding 

claims,  wherein  said  disc-shaped  tip  (2)  is  made  of 
a  noble  metal. 

45  9.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  said  laser  beam  is  applied  around 
said  neck  portion  (1A)  by  rotating  said  electrode 
blank  metal  (1). 

so  10.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  said  laser  beam  is  applied  such  that 
weld  extends  substantially  entirely  around  said  cir- 
cumference  of  said  neck  portion  (1A). 

55  11.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  said  tip  (2)  is  arranged  concentri- 
cally  on  said  end  surface. 

7 
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Patentanspriiche 

1.  Verfahren  zur  Herstellung  einer  Zundkerze,  die  ei- 
nen  metallischen  Elektrodenrohling  (1)  besitzt,  an 
dem  eine  erosionsbestandige  scheibenformige 
Spitze  (2)  befestigt  ist,  wobei  das  Verfahren  die  fol- 
genden  Schritte  umfaBt: 

(i)  den  metallischen  Elektrodenrohling  (1)  mit 
einem  Halsabschnitt  (1A)  versehen; 

(ii)  die  Spitze  (2)  auf  einer  Stirnflache  (13)  des 
Halsabschnitts  (1A)  anordnen; 

(iii)  die  Spitze  (2)  an  der  Stirnflache  (13)  des 
Halsabschnitts  (1  A)  befestigen,  indem  die  Spit- 
ze  (2)  mit  Hilfe  eines  Laserstrahls  mit  dem  Hals- 
abschnitt  (1A)  verschweiBt  wird; 

dadurch  gekennzeichnet,  dal3  bei  dem  Schritt  des 
Befestigens  die  Spitze  (2)  gegen  die  Stirnflache 
(13)  gedruckt  und  gleichzeitig  der  Laserstrahl  auf 
den  AuBenumfang  der  Grenzflache  zwischen  der 
Spitze  (2)  und  der  Stirnflache  (13)  des  Halsab- 
schnitts  (1A)  gerichtet  wird,  so  dal3  an  der  Grenz- 
flache  eine  SchweiBnaht  (3)  entsteht. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  Drucken 
mit  Hilfe  einer  PreBvorrichtung  (4)  erfolgt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem  das 
Drucken  mit  einer  Kraft  im  Bereich  von  (0,500  x  g) 
N  bis  (3,000  x  g)N,  und  vorzugsweise  im  Bereich 
von  (0,600  x  g)N  bis  (2,500  x  g)N  erfolgt,  wobei  g 
die  schwerkraftbedingte  Beschleunigung  ist,  ge- 
messen  in  ms_1. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  bei 
dem  der  metallische  Elektrodenrohling  (1)  mit  ei- 
nem  Trommelabschnitt  (17)  versehen  ist,  und  der 
Halsabschnitt  (1A)  gerade  ist  und  einen  kleineren 
Durchmesser  besitzt  als  der  Trommelabschnitt 
(17),  und  bei  dem  der  metallische  Elektrodenrohling 
(1  )  eine  sich  verjungende  Flache  (1  B)  aufweist,  die 
den  Halsabschnitt  (1A)  mit  dem  Trommelabschnitt 
verbindet. 

5.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  die  Abmessungen  der  Zundkerze  fol- 
gendermaBen  definiert  sind: 

0,5  mm  <  D  <  1,5  mm, 

0,3  mm  <  T  <  0,6  mm, 

0,0  mm  <  (d-D)/2  <  0,2  mm, 

5  0,2  mm  <  L  <  0,5  mm, 

wobei 

D  der  Durchmesser  der  scheibenformigen  Spit- 
10  ze  (2)  ist, 

T  die  Dicke  der  scheibenformigen  Spitze  (2)  ist, 
d  der  Durchmesser  des  Halsabschnitts  (1  A)  ist, 
und 
L  die  Lange  des  Halsabschnitts  (1  A)  ist. 

15 
6.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  bei 

dem  der  Halsabschnitt  (1  A)  mit  einer  Ausnehmung 
(15)  in  seinem  Ende  versehen  ist,  wobei  die  Aus- 
nehmung  (15)  so  geformt  ist,  dal3  sie  die  Spitze  (2) 

20  aufnimmt  und  eine  Wand  (16)  urn  die  Stirnflache 
des  metallischen  Elektrodenrohlings  (1)  begrenzt, 
wobei  die  Spitze  (2)  in  der  Ausnehmung  (1  5)  ange- 
ordnet  ist,  und  der  Laserstrahl  auf  den  Umfang  der 
AuBenseite  der  Wand  (16)  gerichtet  wird,  so  dal3 

25  sich  die  SchweiBnaht  (3)  vollstandig  durch  die 
Wand  (16)  bis  zur  Grenzflache  zwischen  der  schei- 
benformigen  Spitze  (2)  und  der  Stirnflache  des 
Halsabschnitts  (1A)  erstreckt. 

30  7.  Verfahren  nach  Anspruch  6,  bei  dem  die  Abmes- 
sungen  der  Zundkerze  folgendermaBen  definiert 
sind: 

0,5  mm  <  D  <  1  ,5  mm, 

0,3  mm  <  T  <  0,6  mm, 

40 
0,01  mm  <  (A-D)  <  0,1  mm, 

0,05  mm  <  B  <  0,2  mm, 
45 

0,05  mm  <  (d-A)/2  <  0,2  mm, 

0,2  mm  <  L  <  0,5  mm, 50  ' 

wobei 

D  der  Durchmesser  der  scheibenformigen  Spit- 
55  ze  (2)  ist, 

T  die  Dicke  der  scheibenformigen  Spitze  (2)  ist, 
A  der  Durchmesser  der  Ausnehmung  (1  5)  ist, 
B  die  Tiefe  der  Ausnehmung  (15)  ist, 
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d  der  Durchmesser  des  Halsabschnitts  (1  A)  ist, 
und 
L  die  Lange  des  Halsabschnitts  (1A)  ist. 

8.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  die  scheibenformige  Spitze  (2)  aus  ei- 
nem  Edelmetall  besteht. 

9.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  der  Laserstrahl  auf  den  Halsabschnitt 
(1A)  gerichtet  wird,  indem  der  metallische  Elektro- 
denrohling  (1)  gedreht  wird. 

10.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  der  Laserstrahl  so  gerichtet  wird,  dal3 
sich  die  SchweiBnaht  im  wesentlichen  vollstandig 
urn  den  Umfang  des  Halsabschnitts  (1A)  erstreckt. 

11  .  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  dem  die  Spitze  (2)  konzentrisch  auf  der 
Stirnflache  angeordnet  ist. 

Revendications 

1.  Procede  de  fabrication  d'une  bougie  d'allumage 
comprenant  une  electrode  metallique  brute  d'usina- 
ge  (1)  a  laquelle  est  fixee  une  pointe  (2)  en  forme 
de  disque  resistant  a  I'erosion,  le  procede  compre- 
nant  les  etapes  consistant  a: 

(i)  doter  d'une  partie  etranglee  (1A)  ladite  elec- 
trode  metallique  brute  d'usinage  (1); 
(ii)  disposer  ladite  pointe  (2)  sur  une  surface 
d'extremite  (13)  de  ladite  partie  etranglee  (1A); 
et 
(iii)  fixer  ladite  pointe  (2)  a  ladite  surface  d'ex- 
tremite  (13)  de  ladite  partie  etranglee  (1a)  en 
appliquant  un  faisceau  laser  pour  souder  ladite 
pointe  (2)  a  ladite  partie  etranglee  (1A), 

caracterise  en  ce  que  ladite  etape  de  fixation 
comprend  I'etape  consistant  a  comprimer  ladite 
pointe  (2)  contre  ladite  surface  d'extremite  (1  3)  et  a 
appliquer  simultanement  le  faisceau  laser  sur  le 
pourtour  exterieur  de  la  jonction  entre  ladite  pointe 
(2)  et  ladite  surface  d'extremite  (1  3)  de  ladite  partie 
etranglee  (1A)  en  formant  de  ce  fait  une  soudure 
(3)  a  la  jonction  entre  celles-ci. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  ladite 
compression  est  realisee  par  un  montage  a  la  pres- 
se  (4). 

3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel 
ladite  compression  est  realisee  avec  une  force 
comprise  entre  (0,500  x  g)N  et  (3,000  x  g)N,  et  de 
preference  comprise  entre  (0,600  x  g)N  et  (2,500  x 

g)N,  g  designant  I'acceleration  due  a  la  pesanteur 
en  ms"1. 

4.  Procede  selon  I'une  quelconque  des  revendications 
5  1  a  3,  dans  lequel  ladite  electrode  metallique  brute 

d'usinage  (1)  est  pourvue  d'une  partie  tubulaire 
(17),  et  ladite  partie  etranglee  (1A)  est  rectiligne  et 
a  un  diametre  inferieur  a  celui  de  ladite  partie  tubu- 
laire,  et  ladite  electrode  metallique  brute  d'usinage 

10  (1)  est  pourvue  d'une  surface  conique  (1B)  reliant 
ladite  partie  etranglee  (IA)  a  ladite  partie  tubulaire. 

5.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  les  dimensions  de  la  bou- 

15  gie  d'allumage  sont  definies  par: 

0,5  mm  <  D  <  1  ,5  mm, 

20 
0,3  mm  <  T  <  0,6  mm, 

0,0  mm  <  (d-D)/2  <  0,2  mm, 
25 

0,2  mm  <  L  <  0,5  mm 

D  designant  le  diametre  de  ladite  pointe  (2)  en 
30  forme  de  disque, 

T  designant  I'epaisseur  de  ladite  pointe  (2)  en 
forme  de  disque, 
d  designant  le  diametre  de  ladite  partie  etran- 
glee  (1  A),  et 

35  L  designant  la  longueur  de  ladite  partie  etran- 
glee  (1  A). 

6.  Procede  selon  I'une  quelconque  des  revendications 
1  a  4,  dans  lequel  ladite  partie  etranglee  (1A)  est 

40  pourvue  d'un  evidement  (15)  a  son  extremite,  ledit 
evidement  (15)  ayant  une  forme  concue  pour  rece- 
voir  ladite  pointe  (2)  et  definissant  une  paroi  (16) 
autour  de  ladite  surface  d'extremite  de  ladite  elec- 
trode  metallique  brute  d'usinage  (1),  ladite  pointe 

45  (2)  etant  placee  dans  ledit  evidement  (15)  et  ledit 
faisceau  laser  etant  applique  sur  le  pourtour  de  la 
face  exterieur  de  ladite  paroi  (1  6),  de  telle  facon  que 
ladite  soudure  (3)  s'etend  completement  a  travers 
ladite  paroi  (16)  jusqu'a  ladite  jonction  entre  ladite 

50  pointe  (2)  en  forme  de  disque  et  ladite  surface  d'ex- 
tremite  de  ladite  partie  etranglee  (1A). 

7.  Procede  selon  la  revendication  6,  dans  lequel  les 
dimensions  de  la  bougie  d'allumage  sont  definies 

55  par: 

0,5  mm  <  D  <  1  ,5  mm, 

9 
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0,3  mm  <  T  <  0,6  mm, 

0,01  mm  <  (A-D)  <  0,1  mm, 

0,05  mm  <  B  <  0,2  mm, 

10 
0,05  mm  <  (d-A)/2  <  0,2  mm, 

0,2  mm  <  L  <  0,5  mm, 
15 

D  designant  le  diametre  de  ladite  pointe  (2)  en 
forme  de  disque, 
T  designant  I'epaisseur  de  ladite  pointe  (2)  en 
forme  de  disque, 
A  designant  le  diametre  dudit  evidement  (15),  20 
B  designant  la  profondeur  dudit  evidement 
(15), 
d  designant  le  diametre  de  ladite  partie  etran- 
glee  (1  A),  et 
L  designant  la  longueur  de  ladite  partie  etran-  25 
glee(1A). 

8.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  ladite  pointe  (2)  en  forme 
de  disque  est  en  metal  noble.  30 

9.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  ledit  faisceau  laser  est 
applique  autour  de  ladite  partie  etranglee  (1A)  en 
faisant  tourner  ladite  electrode  metallique  brute  35 
d'usinage  (1). 

1  0.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  ledit  faisceau  laser  est 
applique  de  facon  que  ladite  soudure  s'etende  sen-  40 
siblement  sur  tout  ledit  pourtour  de  ladite  partie 
etranglee  (1A). 

1  1  .  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  ladite  pointe  (2)  est  pla-  45 
cee  de  maniere  concentrique  sur  ladite  surface 
d'extremite. 

50 
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