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Igniter  plug. 

An  igniter  plug  having  a  tungsten  center  electrode  (5) 
supported  by  a  conductive  pin  (13)  and  an  annular  electrode 
(3)  with  an  air  gap  (15)  between  said  electrodes  is  provided 
with  a  nickel  coating  (21)  on  the  tungsten  center  electrode  (5) 
and  a  portion  of  the  supporting  pin  (13),  and  with  a  collar  (27) 
situated  within  a  portion  of  the  annular  electrode  (3)  to  retain  a 
ceramic  sleeve  (17)  within  the  air  gap  (15). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   i g -  

n i t e r   p l u g   t h a t   w i l l   w i t h s t a n d   l o n g   t e r m   use   a t   h i g h   t e m -  

p e r a t u r e s .   G e n e r a l l y ,   i g n i t e r   p l u g s   a r e   u s e d   in  e n g i n e s ,  

s u c h   as  a i r c r a f t   e n g i n e s ,   to  p r o v i d e   t he   s p a r k   f o r   i g n i t i o n  

of  f u e l .   Such  p l u g s   c o m p r i s e   a  c e n t r a l   e l e c t r o d e   t h a t   i s  

c o m p o s e d   of  t u n g s t e n   or  o t h e r   c o n d u c t i v e   m a t e r i a l   and  a n  

o u t e r   a n n u l a r   e l e c t r o d e   s p a c e d   t h e r e f r o m ,   to   p r o v i d e   an  a i r  

g a p ,   w i t h   c o n d u c t i v i t y   e s t a b l i s h e d   b e t w e e n   t h e   c e n t e r   e l e c -  

t r o d e   and  an  e l e c t r i c a l   s o u r c e .   The  a n n u l a r   e l e c t r o d e   g e n e r -  

a l l y   s e r v e s   as  a  g r o u n d .   A  c e r a m i c   i n s u l a t o r   i s   p r o v i d e d   i n  

t h e   a i r   gap .   Upon  e n e r g i z i n g   of  t h e   c e n t e r   e l e c t r o d e ,   a  

s p a r k   i s   p r o d u c e d   a c r o s s   t he   gap  b e t w e e n   the   c e n t e r   e l e c -  

t r o d e   and  t he   a n n u l a r   e l e c t r o d e ,   w h i c h   s p a r k   i g n i t e s   t h e  

f u e l   f o r   use   in  t he   e n g i n e .  

The  use   of  t u n g s t e n   as  t h e   m a t e r i a l   f rom  w h i c h  

t h e   c e n t e r   e l e c t r o d e   i s   f o r m e d   has   been   p r e f e r r e d .   H o w e v e r ,  

due  to   t he   h i g h   t e m p e r a t u r e   and  e n v i r o n m e n t   to  w h i c h   t h e  

e l e c t r o d e   i s   s u b j e c t e d   d u r i n g   o p e r a t i o n   of  t he   i g n i t e r   p l u g ,  

t u n g s t e n   o x i d e   i s   s o m e t i m e s   f o r m e d   on  t he   e l e c t r o d e   s u r f a c e  

w h i c h   c a u s e s   t he   e l e c t r o d e   s u r f a c e   to  e x p a n d   and  e x e r c i s e  

f o r c e s   on  t h e   i n i t i a l l y   s p a c e d   c e r a m i c   i n s u l a t o r ,   c a u s i n g  

c r a c k s   in  t h e   i n s u l a t o r   t o p .   Such  c r a c k s   s h o r t e n   t h e   e f f e c -  

t i v e   l i f e   of  t h e   i g n i t e r   p l u g .  

The  p r o b l e m   p o s e d   by  f o r m a t i o n   of  an  o x i d e   f i l m  

on  t he   s u r f a c e   of  t h e   t u n g s t e n   t i p   i n s u l a t o r   i s   d e s c r i b e d   i n  

U.S.   P a t e n t   No.  3 , 8 9 0 , 5 1 8   w h e r e i n   an  o x i d a t i o n   r e s i s t a n t   m a -  

t e r i a l ,   s u c h   as  s i l i c o n   or  a l u m i n i u m ,   i s   p r o v i d e d   o v e r   t h e  

t u n g s t e n   p a r t   of  t h e   i n n e r   e l e c t r o d e   as  a  d i f f u s e d   s u r f a c e  

l a y e r .   The  a p p l i c a t i o n   of  t he   s i l i c o n   or  a l u m i n i u m   c o a t i n g  

i s   e f f e c t e d   by  s u r r o u n d i n g   t he   e n t i r e   e l e c t r o d e   t i p   w i t h   a  

f i n e   p o w d e r   of  t he   d e s i r e d   m a t e r i a l   and  h e a t i n g   t h e   a s s e m b l y  

f o r   f o u r   h o u r s   a t   a  t e m p e r a t u r e   of  1060°C  u n d e r   an  a r g o n   a t -  

m o s p h e r e .   In  t h a t   e m b o d i m e n t ,   t he   e l e c t r o d e   t i p   i s   p r o v i d e d  

w i t h   an  o x i d a t i o n   r e s i s t a n t   l a y e r   of  d i f f u s e d   s i l i c o n   b y  

c o a t i n g   t he   c o m p l e t e   t i p   of  a  t h i c k n e s s   of  a b o u t   15  m i c r o n s  

and  t he   l a y e r   i s   r e m o v e d   f rom  t h e   a x i a l   end  s u r f a c e   of  t h e  

t i p   t h a t   i s   to  be  c o n n e c t e d   to   t he   ma in   e l e c t r o d e   or  p i n .  



The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   t he   d i s a d v a n t a g e s  

and  l i m i t a t i o n s   of  t he   p r i o r   a r t   a r r a n g e m e n t s   by  p r o v i d i n g  

an  i g n i t e r   p l u g   c o m p r i s i n g   a  c y l i n d r i c a l   c e n t e r   e l e c t r o d e  

s u p p o r t e d   by  a  c o n d u c t i v e   p i n ,   an  a n n u l a r   e l e c t r o d e   s u r r o u d -  

ing   t he   c y l i n d r i c a l   c e n t e r   e l e c t r o d e   and  s p a c e d   t h e r e f r o m   by  

a n  a i r   g a p ,   and  an  i n s u l a t i n g   s l e e v e   i n t e r m e d i a t e   t h e   e l e c -  

t r o d e s ,   in  w h i c h   t h e r e   i s   p r o v i d e d   a  n i c k e l   c o a t i n g   o v e r   a t  

l e a s t   t h e   e x p o s e d   s u r f a c e   of  t he   c y l i n d r i c a l   c e n t e r   e l e c -  

t r o d e .  

Such  n i c k e l   c o a t i n g   by  p r e v e n t i n g   g r o w t h   of  t u n g -  

s t e n   o x i d e   on  t he   s u r f a c e   of  t he   c y l i n d r i c a l   c e n t r a l   e l e c -  

t r o d e   a l l o w s   t he   p r o d u c t i o n   of  a  s t a b l e ,   l o n g   l i f e   i g n i t e r  

p l u g .  

One  way  of  c a r r y i n g   ou t   t he   i n v e n t i o n   i s   d e -  

s c r i b e d   in  d e t a i l   b e l o w   w i t h   r e f e r e n c e   to  t he   s i n g l e   f i g u r e  

of  the  d rawing which   i l l u s t r a t e s   more  p a r t i c u l a r l y   a  c r o s s -  

s e c t i o n a l   v iew  of  t he   t i p   of  t he   i g n i t e r   p l u g   a c c o r d i n g   t o  

t he   p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   now  to  t h e   d r a w i n g ,   t h e r e   i s   i l l u s -  

t r a t e d   an  i m p r o v e d   i g n i t e r   p l u g   c o n s t r u c t e d   a c c o r d i n g   t o  

t he   p r e s e n t   i n v e n t i o n .  

The  i g n i t e r   p l u g   1,  t he   t i p   of  w h i c h   i s   i l l u s -  

t r a t e d ,   c o m p r i s e s   an  o u t e r   or  a n n u l a r   e l e c t r o d e   or  c o n d u c -  

t i v e   s h e l l   3,  p r e f e r a b l y   of  s t a i n l e s s   s t e e l   and  t u n g s t e n  

a l l o y ,   and  an  i n n e r   or  c e n t e r   e l e c t r o d e   5  of  t ungs t en .   The  c e n t e r  

e l e c t r o d e   5  i s   of  g e n e r a l   c y l i n d r i c a l   c o n f i g u r a t i o n ,   w i t h   a  

c i r c u l a r   w a l l   7,  e x p o s e d   end  9  and  s u p p o r t   end  11.  The  c e n -  

t e r   e l e c t r o d e   i s   s u p p o r t e d   by  a  p in   or  rod  13,  w h i c h   i s   o f  

an  e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   such   as  a  n i c k e l   f e r r o u s  

a l l o y ,   and  i s   a t t a c h e d   to  t he   p in   by  w e l d i n g   or  o t h e r   a t t a c h -  

ment   m e a n s .  

The  a n n u l a r   e l e c t r o d e   3  and  c e n t e r   e l e c t r o d e   5 

a r e   s p a c e d   f rom  e a c h   o t h e r   by  an  a i r   gap  15.  P r o v i d e d   w i t h i n  

t h e   a i r   gap  15,  i n t e r m e d i a t e   t he   e l e c t r o d e s   3  and  5,  i s   a n  

i n s u l a t i n g   s l e e v e   17.  The  c o n d u c t i v e   p i n   13  a l s o   has   t h e r e -  

a b o u t   a  p in   i n s u l a t i n g   member  19.  The  i n s u l a t i n g   s l e e v e   17 

and  member  19  a r e   p r e f e r a b l y   of  a  c e r a m i c   i n s u l a t i n g   m a -  

t e r i a l ,   s u c h   as  a l u m i n a   b a s e d   c e r a m i c   i n s u l a t o r s   known  i n  

t he   a r t .  



The  a b o v e   d e s b r i b e d   g e n e r a l   d e s c r i p t i o n   of  t h e  

i g n i t e r   p l u g   i s   of  c o n v e n t i o n a l   d e s i g n   and  has   c e r t a i n   d e f i -  

c i e n c i e s   t h a t   a r e   c o r r e c t e d   by  t he   p r e s e n t   i n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c o a t i n g   o f  

n i c k e l   c o m p l e t e l y   a b o u t   t h e   e x p o s e d   s u r f a c e   of  t he   t u n g s t e n  

e l e c t r o d e .   T h i s   c o a t i n g ,   i l l u s t r a t e d   as  c o a t i n g   21  in  t h e  

d r a w i n g ,   p r o v i d e s   e x c e p t i o n a l   s t a b i l i t y   and  l o n g   l i f e   f o r  

t h e   c e n t e r   e l e c t r o d e   5.  As  i l l u s t r a t e d ,   t h e   n i c k e l   c o a t i n g ,  

in  a d d i t i o n   to  c o v e r i n g   the   c o m p l e t e   s u r f a c e   a r e a   of  c i r c u -  

l a r   w a l l   7,  e x p o s e d   end  9  and  s u p p o r t   end  11  of  t h e   t u n g -  

s t e n   e l e c t r o d e   5,  a l s o   c o v e r s   a  p o r t i o n   of  t he   s u p p o r t i n g  

p i n   13  a d j a c e n t   t h e   c e n t e r   e l e c t r o d e   to  p r o v i d e   c o m p l e t e  

e n c a s e m e n t   of  t he   e l e c t r o d e   even   a t   w e l d i n g   p o i n t s .   T h e  

t h i c k n e s s   of  t h e   n i c k e l   c o a t i n g   t h a t   i s   d e p o s i t e d   on  t h e  

e l e c t r o d e ,   such   as  by  e l e c t r o p l a t i n g ,   s h o u l d   be  b e t w e e n  

a b o u t   25  to  75  m i c r o n s .   P r e f e r a b l y ,   t he   t h i c k n e s s   of  t h e  

c o a t i n g   i s   on  t h e   o r d e r   of  50  m i c r o n s .  

The  n i c k e l   c o a t i n g  i n   t h e   p r e s e n t   i n v e n t i o n ,   a t   a  

t h i c k n e s s   of  25  to  75  m i c r o n s   i s   a p p l i e d   to  t he   e l e c t r o d e  

t i p   and  p a r t   of  t he   c o n d u c t i v e   p i n   by  e l e c t r o p l a t i n g .   D i f -  

f u s i o n   of  t h e   n i c k e l   i n t o   t h e   t i p   and  t he   p i n   i s   a c h i e v e d  

by  h e a t i n g   t h e   a s s e m b l y   to  a  t e m p e r a t u r e   of  a b o u t   1 0 9 3 ° C  

u n d e r   i n f l u e n c e   of  a  v a c u u m ,   u s i n g   a  maximum  p r e s s u r e   o f  

a b o u t   1  x  10 -4  t o r r .  

P r e f e r a b l y ,   t h e   c o n d u c t i v e   s h e l l   3  i s   c o m p r i s e d  

of  a  main   s h e l l   23,  w h i c h   i s   s t a i n l e s s   s t e e l ,   and  a  s h e l l  

t i p   p o r t i o n   25  w h i c h   i s   c o m p o s e d   of  t u n g s t e n   a l l o y ,   w i t h  

t h e   two  p o r t i o n s   a t t a c h e d   by  b r a z i n g .   In  o r d e r   to  r e t a i n   t h e  

c e r a m i c   i n s u l a t i n g   s l e e v e   17  w i t h i n   t he   e l e c t r o d e   t i p   a s s e m -  

b l y ,   w h i l e   s t i l l   p e r m i t t i n g   t h e r m a l   e x p a n s i o n   of  t he   same,   a  

c o l l a r   27  i s   p r o v i d e d   a b o u t   t h e   i n n e r   c i r c u m f e r e n c e   of  t h e  

main   s h e l l   23,  w h i c h   c o l l a r   i s   a f f i x e d   to  t he   s h e l l   by  p l u g  

w e l d s   29.  Wi th   t he   p r o v i s i o n   of  t he   c o l l a r   27,  t he   main   i n -  

s u l a t o r   or  p i n   i n s u l a t i n g   member   19  t e l e s c o p e s   f r e e l y   i n t o  

t h e   t i p   i n s u l a t o r   17  bu t   does   n o t   f i r m l y   a b u t   t h e   l a t t e r .  

T h u s ,   t he   s h e l l   w i l l   no t   be  in  a  l o n g i t u d i n a l   s t r e s s   c o n d i -  

t i o n   d u r i n g   t h e r m a l   d i f f e r e n t i a l   c o n t r a c t i o n   when  t h e   i g -  

n i t e r   c o o l s   down  f rom  h i g h   o p e r a t i n g   t e m p e r a t u r e s .  

As  an  e x a m p l e   of  t h e   b e n e f i t s   of  t he   p r e s e n t  



i n v e n t i o n ,   w h e r e i n   t he   t u n g s t e n   c e n t e r   e l e c t r o d e   has   a  n i c k e l  

c o a t i n g   of  50  m i c r o n   t h i c k n e s s   o v e r   t h e   e x p o s e d   s u r f a c e   a n d  

a  p o r t i o n   of  t h e   p in   s u p p o r t i n g   t he   s ame ,   s u c h   p l u g s   w e r e  

c o m p a r e d   w i t h   p l u g s   w i t h o u t   s u c h   a  c o a t i n g .  

A  p l u g   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   w a s  

s u b j e c t e d   to  v o l t a g e   t e s t i n g ,   b o t h   dry  and  w e t ,   u s i n g   an  e x -  

c i t e r ,   f o l l o w e d   by  t e n   m i n u t e s   of  s p a r k i n g   w i t h   f u e l   d r i p p e d  

on  the  t ip .   This  was  fol lowed  by  a  f u r t h e r   v o l t a g e   t e s t .   S u b s e -  

q u e n t l y ,   t h e   i g n i t e r   was  p l a c e d   in  a  t e s t   f i x t u r e   f o r   a  h e a t  

c y c l e   a t   650°C  a t   t he   t i p   l a s t i n g   f i v e   h o u r s ,   f o l l o w e d   by  i n -  

s p e c t i o n   f o r   c r a c k s   in  t he   c e r a m i c   t i p   i n s u l a t o r   s l e e v e .   T h i s  

s e q u e n c e   of  v o l t a g e   t e s t ,   s p a r k i n g   t e s t   and  t e m p e r a t u r e   t e s t  

was  r e p e a t e d   u n t i l   f i f t y   h o u r s   of  t h e   t e m p e r a t u r e   e x p o s u r e  

was  a c c o m p l i s h e d .   The  p l u g   of  t h e   p r e s e n t   i n v e n t i o n   c o m -  

p l e t e d   t h e   f u l l   t e n   c y c l e s   of  f i v e   h o u r s   e a c h   a t   650°C  a n d  

showed   no  c r a c k s   in  t he   t i p   i n s u l a t o r .  

A  p l u g   w i t h o u t   t h e   n i c k e l   c o a t i n g   l a s t e d   o n l y  

t h r e e   c y c l e s   of  f i v e   h o u r s   e a c h   a t   650°C ,   a c c o r d i n g   to  t h e  

a b o v e   t e s t   and ,   a f t e r   t he   end  of  t h e   t h i r d   c y c l e ,   t he   t i p  

i n s u l a t o r   showed   two  r a d i a l   c r a c k s   and  t e s t i n g   was  s t o p p e d .  

The  p r e s e n t   i n v e n t i o n   t h u s   p r o v i d e s   an  i g n i t e r  

p l u g   h a v i n g   a  t u n g s t e n   t i p   t h a t   can  w i t h s t a n d   h i g h   t e m p e r a -  

t u r e   o p e r a t i o n   w i t h o u t   c r a c k i n g   of  t he   t i p   i n s u l a t o r   so  a s  

to  p r o v i d e   s t a b i l i t y   and  many  h o u r s   of  o p e r a t i o n   of  t he   i g -  

n i t e r   p l u g .  



1.  I g n i t e r   p l u g   c o m p r i s i n g   a  c y l i n d r i c a l   c e n t e r  

e l e c t r o d e   (5)  s u p p o r t e d   by  a  c o n d u c t i v e   p i n   ( 1 3 ) ,   an  a n n u -  

l a r   e l e c t r o d e   (3)  s u r r o u n d i n g   t he   c y l i n d r i c a l   c e n t e r   e l e e -  

t r o d e   (5)  and  s p a c e d   t h e r e f r o m   by  an  a i r   gap  ( 1 5 ) ,   and  a n  

i n s u l a t i n g   s l e e v e   (17)   i n t e r m e d i a t e   t he   e l e c t r o d e s   ( 3 , 5 ) ,  

c h a r a c t e r i z e d   in  t h a t   t h e r e   i s   p r o v i d e d   a  n i c k e l   c o a t i n g  

(21)   o v e r   a t   l e a s t   t he   e x p o s e d   s u r f a c e   of  t he   c y l i n d r i c a l  

c e n t e r   e l e c t r o d e   ( 5 ) .  

2.  I g n i t e r   p l u g   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r -  

i z e d   in  t h a t   t he   n i c k e l   c o a t i n g   (21)   a l s o   c o v e r s   a  p o r t i o n  
of  t h e   s u p p o r t i n g   p i n   (13)   a d j a c e n t   t he   c y l i n d r i c a l   c e n t e r  

e l e c t r o d e   ( 5 ) .  

3.  I g n i t e r   p l u g   as  c l a i m e d   in  c l a i m   1  or  2 ,  
c h a r a c t e r i z e d   in   t h a t   t h e r e   i s   p r o v i d e d   a  c e r a m i c   i n s u l a t o r  

(19)   a b o u t   t he   c o n d u c t i v e   p i n   ( 1 3 ) ,   s p a c e d   f rom  the   c y l i n -  
d r i c a l   c e n t e r   e l e c t r o d e   ( 5 ) .  

4.  I g n i t e r   p l u g   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r -  

i z e d   in   t h a t   t he   a n n u l a r   e l e c t r o d e   (3)  is   f o r m e d   of  a  p l u -  

r a l i t y   of  s e c t i o n s   ( 2 3 , 2 5 ) ,   w i t h   t he   s e c t i o n   (25)   p r o x i m a t e  
t he   c y l i n d r i c a l   c e n t e r   e l e c t r o d e   (5)  c o m p r i s e d   of  a  t u n g -  
s t e n   a l l o y   and  t he   r e m a i n i n g   s e c t i o n   (23)   of  s t a i n l e s s  

s t e e l .  

5.  I g n i t e r   p l u g   as  c l a i m e d   in  c l a i m   4,  c h a r a c t e r -  

i z e d   in  t h a t   t h e   i n s u l a t i n g   s l e e v e   (17)   i s   r e t a i n e d   w i t h i n  

t h e   i g n i t e r   p l u g   t i p   by  means   of  a  c o l l a r   (27)   s i t u a t e d  

w i t h i n   t he   r e m a i n i n g   s t a i n l e s s   s t e e l   s e c t i o n   (23)   of  t h e  

a n n u l a r   e l e c t r o d e   (3)  and  a f f i x e d   to  s a i d   e l e c t r o d e   ( 3 ) .  

6.  I g n i t e r   p l u g   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r -  

i z e d   in  t h a t   t he   n i c k e l   c o a t i n g   (21)   i s   b e t w e e n   25  to  75  

m i c r o n s   in  t h i c k n e s s .  
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