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©  Method  of  forming  spark  plug  bodies. 

A  method  of  manufacturing  a  hollow  spark  plug  body 
having  a  cylindrical  central  portion  (28),  a  first  end  portion  (10) 
of  smaller  circular  radial  cross-section  and  a  second  end  por- 
tion  () of  non-circular  radial  cross-section,  e.g.  hexagonal,  and 
of smaller  maximum  diameter than the  central  portion  by cold 
extruding  the  both  end  portions  The  second  end  portion  is 
extruded  in  two  stages,  the  first  involving  the  formation  of  a 
recess  in  one  end  of  a  cylindrical  blank,  the  second  involving 
extrusion  the  blank  between  a  die  (19)  and  a  mandrel  (21) 
which  moves  with  the  blank  during  extrusion 





This  i n v e n t i o n   r e l a t e   to  a  method  of  m a n u f a c t u r i n g  

spark  plug  b o d i e s .  

Conven t iona l   spark  plug  bodies  comprise  a  c e n t r a l ,  

u sua l l y   c y l i n d r i c a l ,   p o r t i o n ,   d e f i n i n g   a  r a d i a l   f l ange   for  s e a l i n g  

the  body  to  an  ape r tu r e   in  an  engine,   a  lower  c y l i n d r i c a l   p o r t i o n  

which  is  formed  with  a  t h read ,   and  an  upper  por t ion   of  n o n - c i r c u l a r ,  

usua l ly   hexagona l ,   r a d i a l   c ross   s ec t i on   which  is  adapted  to  be 

engaged  by  a  s p a n n e r .  

In  most  spark  p lugs ,   the  upper  por t ion   has  a  l a r g e r  

maximum  d iameter   than  the  c e n t r a l   p o r t i o n ,   which  is  in  turn  o f  

l a r g e r   d iamete r   than  the  lower  po r t i on .   Since  the  widest   par t   o f  

the  body  is  p o s i t i o n e d   at  i t s   upper  end,  such  bodies  can  e a s i l y   be 

manufac tured   using  a  cold  e x t r u s i o n   process  in  which  a  metal  b l a n k  

is  s u b j e c t e d   to  a  sequence  of  forward  e x t r u s i o n   steps  in  a  set  o f  

dies  of  g r adua l ly   d e c r e a s i n g   d i a m e t e r s .  

In  some  c i r cums tances   however,  i t   is  d e s i r a b l e   tha t   t h e  

upper  po r t ion   of  the  body  should  be  of  smal ler   maximum  d i a m e t e r  

than  the  c en t r a l   po r t ion .   For  example,  in  some  engines  the  s p a r k  

plug  is  p o s i t i o n e d   in  a  recess   in  the  engine  head.  A  s m a l l e r  

d iameter   upper  p o r t i o n   f a c i l i t a t e s   access  to  the  spark  plug  with  a  

s p a n n e r .  
H i t h e r t o   such  spark  plug  bodies  have  been  manufactured   by  

cold  e x t r u s i o n   of  a  blank  to  produce  the  s m a l l e r - d i a m e t e r   l o w e r  

po r t ion   and  then  forming  the  upper  po r t ion   thereon  by  a  m a c h i n i n g  

o p e r a t i o n .   Since  the  upper  po r t ion   is  usual ly   of  hexagonal   r a d i a l  

c r o s s - s e c t i o n a l ,   such  a  maching  ope ra t ion   is  r e l a t i v e l y   e x p e n s i v e  

to  perform,   e s p e c i a l l y   as  a  large  scale  p roduc t ion   p r o c e s s .  

According  to  the  p resen t   i n v e n t i o n   there  is  provided  a 

method  of  manufac tu r ing   a  spark  plug  body  comprising  the  steps  o f  

shaping  a  c y l i n d r i c a l   blank  by  cold  e x t r u s i o n   to  produce  an  a x i a l l y  

e longa ted   hollow  body  having  a  c y l i n d r i c a l   pen t ra l   p o r t i o n ,   and  a 

f i r s t   end  p o r t i o n   having  a  c i r c u l a r   r ad i a l   c r o s s - s e c t i o n   of  smal ler  

d iameter   than  the  c e n t r a l   po r t i on ,   and  forming  on  the  oppos i te   end 

a  second  end  por t ion   of  n o n - c i r c u l a r   r a d i a l   c r o s s - s e c t i o n   o f  



sma l l e r   maximum  d i ame te r   than  the  c en t r a l   p o r t i o n ,   c h a r a c t e r i s e d   i n  

tha t   the  second  end  p o r t i o n   is  a l so   formed  by  cold  e x t r u s i o n .  

The  second  end  p o r t i o n  i s   p r e f e r a b l y   formed  in  two  c o l d  

e x t r u s i o n   s t eps .   In  the  f i r s t   s t ep ,   the  blank  is  ex t ruded   to  fo rm 

a  r ece s s   in  one  end  of  the  blank  wi thout   d e c r e a s i n g   the  e x t e r n a l  

d i a m e t e r  o f   the  b l a n k  i n   the  region  of  the  r e c e s s .   This  recess   i s  

p r e f e r a b l y   formed  t o  a   depth  s u f f i c i e n t   to  provide  e n o u g h  m a t e r i a l  

in  the  wal ls   of  the  r ece s s   for   the  fo rmat ion   of  the  second  end  

p o r t i o n   and  the  c e n t r a l   p o r t i o n ,   l eav ing   enough  m a t e r i a l  f o r   t h e  

f o r m a t i o n   of  t h e  f i r s t   e n d  p o r t i o n   in  the  remainder   of  t h e  b l a n k .  

In  the  second  e x t r u s i o n   s tep ,   the  e x t e r n a l   d i amete r   of  the  r e c e s s e d  

end  of  the  blank  is  reduced  and  f o r m e d  i n t o   a  n o n - c i r c u l a r   c r o s s -  

s e c t i o n a l   shape,  wi thout   d e c r e a s i n g   the  i n t e r n a l   d i amete r   of  t h e  

r e c e s s .   This  is  c o n v e n i e n t l y   achieved  by  e x t r u d i n g   t h e  r e c e s s e d  

end  of  the  blank  between  a  die  and a   mandrel  p o s i t i o n e d   in  t h e  

r e c e s s .   In  order   to  p r e v e n t  t h e   m a t e r i a l   from  the  other   end  of  t h e  

blank  from  f lowing  over  the  mandre l ,   the  mandrel   is  p r e f e r a b l y  

movable  r e l a t i v e   to  the  die  in  the  d i r e c t i o n   in  which  the  blank  i s  

e x t r u d e d .   Where  t h e  d i e   is  to  be  used  r e p e a t e d l y ,  t h e   mandrel  i s  

p r e f e r a b l y   movable  r e l a t i v e   to  the  die  aga ins t   the  bias  of  means ,  
such  as  a  compression  sp r ing ,   which  r e s t o r e s   the  mandrel   to  a  

s t a r t i n g   p o s i t i o n   r e l a t i v e   to  the  die  when  a  formed  blank  has  b e e n  

removed  from  t h e  d i e .  

The  f i r s t   end  p o r t i o n   is  p r e f e r a b l y   a lso  formed  in  a   two 

step  p rocess .   In  the  f i r s t   step  the  end  of  the  blank  is  c o l d  

ex t ruded   to  produce  a  s o l i d   c y l i n d r i c a l  t a i l   po r t i on   o f  r e d u c e d  

d i ame te r .   In  the  second  stage  a  recess   i s  f o r m e d   w i t h i n  t h e   t a i l  

p o r t i o n .   This  recess   is  of  depth  s u f f i c i e n t   to  form  a  c y l i n d r i c a l  

end  p o r t i o n   of  t h e  r e q u i r e d  l e n g t h   s o  t h a t   t h e  c e n t r e   of  the  end  

p o r t i o n   can  be  punched  out  to  produce  a  passage  through  the  s p a r k  

plug  body  for   r e c e i v i n g   an  i n s u l a t o r .   The  t a i l   p o r t i o n   is  p r e f e r -  

ably  formed  in  an  i n i t i a l   cold  e x t r u s i o n   s t e p  c a r r i e d   out  on  t h e  

b l a n k .  

A  p r e f e r r e d  e m b o d i m e n t   of  the  i n v e n t i o n   wi l l   now  b e  

d e s c r i b e d ,   by  way  of  example  only  with  r e f e r ence   to  the  accompany-  



ing  schematic   drawings  in  w h i c h : -  

F igures   1  to  8  r e p r e s e n t   ax ia l   c r o s s - s e c t i o n s   through  a  

s e r i e s   of  dies  in  which  a  blank  is  s u c c e s s i v e l y   cold  ex t ruded   i n  

accordance  with  the  method  of  the  i n v e n t i o n .  

Figure  9  is  an  e l e v a t i o n   of  a  blank  which  has  been  c o l d  

ex t ruded   in  the  dies   i l l u s t r a t e d   in  F igures   1  to  8,  and 

F i g u r e   10  is  an  e l e v a t i o n   of  a  f i n i s h e d   spark  plug  body 

produced  from  the  extruded  blank  of  Figure  9 .  

R e f e r r i n g   to  F igures   1  to  8,  a  c y l i n d r i c a l   blank  is  c u t  

from  a  c i r c u l a r - s e c t i o n   bar  of  s t e e l   and  is  sub jec ted   to  a  s e r i e s  

of  cold  e x t r u s i o n s   in  a  s i x - s t a g e   cold  forming  press.   The  p r e s s  
inc ludes   a  l i n e a r   array  of  six  cold  e x t r u s i o n   s t a t i o n s   each  o f  

which  has  a  die  and  a  p lunger ,   for   fo rc ing   a  blank  into  the  d i e ,  
the  p lungers   being  p o s i t i o n e d   on  one  side  of  the  machine  and  t h e  

dies   being  p o s i t i o n e d   on  the  o ther   side  of  the  machine.  A  t r a n s f e r  

mechanism  ope ra t e s   to  index  blanks  cut  from  the  s t ee l   bar  s u c c e s s -  

i ve ly   through  the  six  s t a t i o n s .  

In  the  f i r s t   s t a t i o n ,   i l l u s t r a t e d   in  Figure  1,  the  plunger 

1  fo rces   a  c y l i n d r i c a l   blank  cut  from  the  bar  of  s t ee l   into  a  f i r s t  

die  2  having  c y l i n d r i c a l   recess   3,  the  inner   end  of  which  i s  

domed.  The  r e s u l t i n g   b u l l e t - s h a p e d   blank  4  is  removed  from  t h e  

f i r s t   die  by  means  of  a  knock-out   pin  5,  which  is  held  r i g id   d u r i n g  

the  movement  of  the  plunger  1  into  the  die  2,  and  is  t r a n s f e r r e d   t o  

a  die  7  (Fig .   2)  in  the  second  s t a t i o n   by  the  t r a n s f e r   mechanism 

(not  shown) .  

In  the  second  die  7,  the  b u l l e t   shaped  blank  is  s u b j e c t e d  

to  forward  e x t r u s i o n   into  a  c y l i n d r i c a l   recess   8  in  the  inner   end 

of  the  die  cavi ty   9  to  pa r t l y   form  a  solid  c y l i n d r i c a l   t a i l  

po r t ion   10  on  the  blank  of  reduced  d iameter .   The  blank  4  is  t h e n  

t r a n s f e r r e d   into  a  die  12  in  the  t h i rd   s t a t i o n   (Fig.   3)  and 

sub jec t ed   to  cold  e x t r u s i o n   t h e r e i n   by  the  plunger   14.  The  p l u n g e r  

14  forms  a  recess   15  in  one  end  16  of  the  blank  4  by  backward 

e x t r u s i o n   and  e longa tes   the  t a i l   po r t i on   10.  The  e x t r u s i o n   a l s o  

r e s u l t s   in  a  s l i g h t   "heading"  or  i n c r e a s e   in  the  diameter  of  t h e  

blank  4 .  



The  recess   15  is  formed  in  the  blank  to  a  d e p t h  

s u f f i c i e n t   to  provide  enough  m a t e r i a l   in  the  wal ls   16  of  the  r e c e s s  

15  ( i . e .   below  the  l ine   A-A  in  Fig.   3 )  f o r   a l l   subsequent   f o r m i n g  

o p e r a t i o n s   on  the  main  body  pa r t   of  the  b lank,   and  to  l e a v e  

s u f f i c i e n t   m a t e r i a l   in  the  t a i l   p o r t i o n   10  fo r   a l l   s u b s e q u e n t  

forming  o p e r a t i o n s   the reon .   That  is  to  say,  dur ing  a l l   t h e  

subsequent   forming  o p e r a t i o n s   no  m a t e r i a l   is   ex t ruded  a c r o s s   l i n e  

A-A  in  F igure   3  in  e i t h e r   d i r e c t i o n .  

The  b lank  4  is  then  removed  from  the  t h i r d   die  12  by  a  

knock-out   pin  18  and  t r a n s f e r r e d   in to   a  die  19(Fig.   4)  in  t h e  

f o u r t h   s t a t i o n .   During  th is   t r a n s f e r   the  blank  4  is  i n v e r t e d  

r e l a t i v e   to  the  d i e s .  

F igure   4  i l l u s t r a t e s   the  r e l a t i v e   c o n f i g u r a t i o n   of  t h e  

four th   die  19,  the  p lunger   20,  knock-out   pin  21  and  blank  4  at  t h e  

beg inn ing   of  the  working  par t   of  the  s t roke   of  the  p lunger   20,  and 

F igure   5  i l l u s t r a t e d   t h e i r   c o n f i g u r a t i o n   at  the  end  of  the  s t r o k e .  

The  p lunger   20  i nc ludes   a  c e n t r a l   recess   having  o f  

complementary  c r o s s - s e c t i o n   to  the  t a i l   po r t i on   10  of  the  blank  4 .  

The  die  19  i nc ludes   a  main  c y l i n d r i c a l   recess   for  r e c e i v i n g   t h e  

r eces sed   end  of  the  blank  4  and  a  coaxia l   passage  23  of  h e x a g o n a l  

r a d i a l   c r o s s - s e c t i o n   in  which  a  mandrel  24  is  c e n t r a l l y   p o s i t i o n e d .  

The  mandrel  24  is  movable  a x i a l l y   r e l a t i v e   to  the  die  19  and  i s  

b ia sed   in to   the  passage  23  by  means  of  a   compress ion  spring  25.  

As  the  p lunger   executes   i t s   working  s t r o k e ,   the  r e c e s s e d  

end  of  the  blank  4  is  forward  ex t ruded   in to   the  passage  23  a r o u n d  

the  mandrel  24  so  tha t   the  maximum  e x t e r n a l   d iameter   of  the  r e c e s -  

sed  end/of   the  blank  4  is  reduced,   but  the  i n t e r n a l   d iameter   of  t h e  

recess   15  is  kept  c o n s t a n t .  

During  the  working  s troke  of  the  p lunger   19,  the  mandre l  

24  moves  upwardly  (as  seen  in  F igures   4  and  5)  r e l a t i v e   to  the  d i e  

so  that   i t s   p o s i t i o n   r e l a t i v e   to  the  t a i l   p o r t i o n   10  of  the  blank  4  

remains  u n a l t e r e d .   The  quan t i t y   of  m a t e r i a l   in  the  c e n t r a l  

po r t i on   28  of  the  blank  4  thus  remains  u n a l t e r e d .  

The  blank  4  is  then  t r a n s f e r r e d   to  a  die  30  in  the  f i f t h  

s t a t i o n   and  is  again  i n v e r t e d   r e l a t i v e   to  the  d ies   dur ing  t h i s  



t r a n s f e r .   The  f i f t h   die  30  conta ins   a  main  c y l i n d r i c a l   bore  31 

having  a  d iameter   equal  to  tha t   of  the  c e n t r a l   p o r t i o n   28  of  t h e  

blank  4,  and  c y l i n d r i c a l   e x t e n s i o n   32  at  the  end  t he r eo f   r e c e i v i n g  

the  t a i l   p o r t i o n   10  and  closed  by  a  knock-out   pin  33  which  r ema ins  

f i x e d   during  the  working  par t   of  the  stroke  of  the  p lunger   34.  

The  p lunger   34  is  of  smaller   d iameter   than  the  recess   15 

and,  when  pressed   into  the  blank  4  causes  backward  ex t rus ion  c f   t h e  

t a i l   p o r t i o n   10  of  the  blank  to  form  a  recess  38  t h e r e i n ,   a s  

i l l u s t r a t e d   in  Figure   7 .  

The  blank  4  is  then  t r a n s f e r r e d   to  a  s i x t h   s t a t i o n  

c o n t a i n i n g   a  die  40  having  a  recess   s i m i l a r   to  that   of  the  die  i n  

the  f i f t h   s t a t i o n .   However  the  t a i l   10  of  the  blank  4  abuts  a  

hollow  knock-out   pin  42  having  a  c e n t r a l   ax ia l   passage  43.  The 

p lunger   44  is  of  smal ler   diameter  than  the  recess   38  in  the  t a i l  

p o r t i o n   10  so  t h a t ,   when  a c t u a t e d ,   the  plunger  44  punches  out  t h e  

end  of  the  t a i l   p o r t i o n   10  to  produce  an  ax ia l   passage  through  t h e  

b l a n k .  

The  shaped  blank  4,  i l l u s t r a t e d   in  F igure   9  is  t h e n  

s u b j e c t e d   to  a  f i n i s h i n g   t r ea tmen t   in  which  a  t h r e a d   50  is  r o l l e d  

on  to  the  e x t e r i a r   of  the  t a i l   po r t ion   10,  the  hexagonal   end 

p o r t i o n   is  undercut   to  form  a  hexagonal  head  52,  the  ends  54,  55  o f  

the  blank  4  are  mi l led   smooth,  and  a  side  e l e c t r o d e   58  is  welded  on 

to  the  end  of  the  t a i l   po r t i on   10,  The  body  is  then  ready  f o r  

assembly  into  a  spark  p l u g .  

The  process   desc r ibed   above  t h e r e f o r e   permi ts   a  n o n -  

c i r c u l a r ,   e .g .   hexagonal  end  to  be  formed  on  the  spark  plug  body 

which,  l ike   the  t a i l   po r t i on   10,  has  a  maximum  d iameter   s m a l l e r  

than  that   of  the  cen t ra l   po r t ion   28  of  the  body  by  means  of  a  c o l d  

e x t r u s t i o n   process   which  avoids  complicated  m i l l i n g   o p e r a t i o n s .  



1.  A  method  of  manufac tu r ing   a  spark  plug  body  c o m p r i s -  

ing  the  s teps  of  shaping  a  c y l i n d r i c a l   blank  by  cold  e x t r u s i o n   t o  

produce  an  a x i a l l y  e l o n g a t e d   hollow  body  having  a  c y l i n d r i c a l  
and  

c e n t r a l   p o r t i o n , / a   f i r s t   end  po r t i on   having  a  c i r c u l a r   r a d i a l  

, c r o s s - s e c t i o n   of  sma l l e r   d iameter   than  the  c en t r a l   p o r t i o n ,   and 

forming  on  the  o p p o s i t e   end  a  second  end  p o r t i o n   of  n o n - c i r c u l a r  

r a d i a l   c r o s s - s e c t i o n   of  smal ler   maximum  d i ame te r   than  the  c e n t r a l  

p o r t i o n ,   c h a r a c t e r i s e d   in  tha t   the  second  end  p o r t i o n   is  a l s o  

formed  by  cold  e x t r u s i o n .  

2.  A  method  according  to  Claim  1  wherein  the  second  end 

p o r t i o n   is  formed  by  cold  e x t r u d i n g   the  blank  in  a  f i r s t   step  t o  

form  a  recess   in  one  end  t h e r e o f ,   and  cold  e x t r u d i n g   the  r e c e s s e d  

end  of  the  blank  in  a  second  step  to  reduce  i t s   e x t e r n a l   d i a m e t e r  

and  to  form  a  n o n - c i r c u l a r   e x t e r n a l   c r o s s - s e c t i o n a l   shape  t h e r e o n  

wi thou t   d e c r e a s i n g   the  i n t e r n a l   d iameter   of  the  r e c e s s .  

3.  A  p rocess   acco rd ing   to  Claim  2  where in   the  recess   i s  

of  a  depth  s u f f i c i e n t   to  provide  enough  m a t e r i a l   in  the  wal ls   o f  

the  r ecess   for  the  f o r m a t i o n   of  the  second  end  p o r t i o n   and  t h e  

c e n t r a l   p o r t i o n , a n d   to  leave  s u f f i c i e n t   m a t e r i a l   in  the  r e m a i n d e r  

of  the  blank  for  the  fo rma t ion   of  the  f i r s t   end  p o r t i o n .  

4.  A  process   accord ing   to  any  one  of  Claims  1  to  3 

where in   the  second  end  p o r t i o n   is  formed  by  cold  e x t r u d i n g   t h e  

r ece s sed   end  of  the  blank  between  a  die  and  a  mandrel  p o s i t i o n e d   i n  

the  r e c e s s .  

5.  A  process   accord ing   to  Claim  4  whe re in   the  mandrel  i s  

moved  r e l a t i v e   to  the  die  during  e x t r u s i o n   i n  t h e   d i r e c t i o n   i n  

which  the  second  end  p o r t i o n   is  e x t r u d e d .  

6.  A  p rocess   accord ing   to  Claim  5  wherein  the  mandre l  

moves  a g a i n s t  a   r e s t o r i n g   f o r c e .  



7.  A  process   according  to  any  one  of  Claims  1  to  6 

wherein  the  f i r s t   end  po r t i on   is  formed  by  cold  e x t r u d i n g   the  b l a n k  

to  produce  a  so l id   c y l i n d r i c a l   t a i l   p o r t i o n   of  reduced  d iamete r   and  

f u r t h e r   cold  e x t r u d i n g   the  blank  to  form  a  recess   w i th in   the  t a i l  

p o r t i o n .  

8.  A  process   according  to  Claim  7  wherein  the  s o l i d  

c y l i n d r i c a l   t a i l   po r t i on   is  formed  before   the  second  p o r t i o n   i s  

f o rmed .  

9.  A  method  according  to  any  one  of  Claims  1  to  8 

wherein  the  cold  e x t r u s i o n   is  e f f e c t e d   in  a  m u l t i - s t a g e   c o l d  

forming  press   in  which  the  blank  is  indexted   through  a  p l u r a l i t y   o f  

cold  e x t r u s i o n   s t a t i o n s   and  in  which  the  blank  is  i n v e r t e d   d u r i n g  

i t s   movement  between  s t a t i o n s   at  which  the  cold  e x t r u s i o n   ope ra t i ons  

are  performed  on  the  f i r s t   and  the  second  end  p o r t i o n s .  

10.  A  method  of  producing  spark  plug  bodies  s u b s t a n t i a l l y  

as  h e r e i n b e f o r e   d e s c r i b e d   with  r e f e r e n c e   to  the  d r a w i n g s .  
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