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©  An  improved  glow  plug  having  a  resistive  surface  film  heater, 
  A  glow  plug  (10)  having  a  hollow  cylindrical  metal  shell 
(12),  an  axial  electrical terminal  (36),  and  a  heater  member  (20) 
protruding  externally  from  the  shell.  The  heater  member  (20) 
has  a  surface  film  heater  element  (24)  disposed  on  at  least  one 
surface  of  an  electrically  nonconductive  cylindrical  substrate 
(22).  Electrical  connections  between  the  heater  element  (24), 
the  shell  and  the  axial  electrode  are  made  by  conductive 
surface  films  (56,  58).  A  first  conductive  surface  film  (56)  dis- 
posed  on  the  external  surface  of the  cylindrical  substrate  (22) 

makes  electrical  contact  with  the  shell  (12).  A  second  conduc- 
tive  surface  film  (58)  disposed  on  the  internal  surface  of  the 
cylindrical  substrate  (22)  makes  electrical  contact  with  the 
axial  electrical  terminal  (36).  The  heating  element  (24)  is  pref- 
erably  a transition  metal  surface film  which  catalytically  reacts 
with  the  air/fuel  mixture  to  enhance  combustion  at  lower 
temperatures.  The  thermal  response  time  of  the  surface  film 
heater  element  (24)  from  ambient  to  an  operating  tempera- 
ture  exceeding  800  is  less  than  5  seconds. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

F i e l d   of  t h e   I n v e n t i o n  

The  i n v e n t i o n   i s   r e l a t e d   to  t h e   f i e l d   of  e l e c t r i c  

h e a t e r s   f o r   t h e   i g n i t i o n   of   h y d r o c a r b o n   f u e l s   and  i n  

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

D i e s e l   t y p e   i n t e r n a l   c o m b u s t i o n   e n g i n e s .  

P r i o r   A r t  

E l e c t r i c a l l y   e n e r g i z e d   glow  p l u g s   a r e   c u r r e n t l y   u s e d  

in  c o m p r e s s i o n   i g n i t e d   or  D i e s e l   t y p e   i n t e r n a l   c o m b u s t i o n  

e n g i n e s   to  a s s i s t   in  the   i g n i t i o n   of  t h e   a i r / f u e l   m i x t u r e  

d u r i n g   c o l d   s t a r t s .   In  p a r t i c u l a r   g low  p l u g s   a r e   e s s e n -  
t i a l   in  the   n o r t h e r n   s t a t e s   d u r i n g   the   w i n t e r   m o n t h s   w h e n  

a m b i e n t   t e m p e r a t u r e s   f a l l   b e l o w   1 0 ° C .  

C u r r e n t l y   t h e   glow  p l u g s ,   such   as  d i s c l o s e d   by  Mann 

in  U.S.   P a t e n t   4 , 2 8 1 , 4 5 1 ,   have   a  c o i l   w i r e   h e a t e r   e n -  
c l o s e d   in  a  p r o t e c t i v e   m e t a l   s h i e l d .   The  p r o b l e m   w i t h  

t h e s e   g low  p l u g s   i s   t h a t   t h e y   have   a  r e l a t i v e l y   low  t h e r -  
mal  r e s p o n s e   t i m e ,   15  to  30  s e c o n d s ,   and  r e q u i r e   r e l a -  

t i v e l y   l a r g e   c u r r e n t s ,   15  to  25  amps ,   to   b r i n g   them  up  t o  



t he   r e q u i r e d   o p e r a t i n g   t e m p e r a t u r e .   The  p r i o r   a r t   a l s o  

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

s p i r a l   wound  f l a t   t a p e   t y p e   h e a t i n g   e l e m e n t   as  d i s c l o s e d  

by  K n o w l e s   in   U . S .   P a t e n t   4 , 2 9 7 , 7 8 5 .   A l t e r n a t i v e l y  

Yamamoto  e t   al   in  U . S .   P a t e n t   4 , 3 5 7 , 5 2 6   and  Sagawa  e t   a l  

in  U . S .   P a t e n t   4 , 0 3 5 , 6 1 3   t e a c h   a  d i s c r e t e   p r i n t e d   c i r c u i t  

h e a t i n g   e l e m e n t   i m b e d d e d   in  a  c e r a m i c   b o d y .   H o w e v e r ,   a l l  

of  t h e s e   g low  p l u g s   s t i l l   e x h i b i t   t he   same  s l ow   t h e r m a l  

r e s p o n s e   and  r e l a t i v e l y   h i g h   e l e c t r i c a l   p o w e r  

r e q u i r e m e n t s .  

In  c o n t r a s t   to  t he   g low  p l u g s   d e s c r i b e d   a b o v e ,   K n o l l  

e t   a l   in  B r i t i s h   P a t e n t   A p p l i c a t i o n   2 , 0 9 2 , 6 7 0 - A   p u b l i s h e d  

A u g u s t   18,   1 9 8 2 ,   d i s c l o s e   a  g low  p l u g   h a v i n g   a  l a y e r e d  

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

a p p l i e d   to  t he   b a s e   of  a  c l o s e d   end  c e r a m i c   t u b e .  

The  A p p l i c a n t   in  c o - p e n d i n g   commonly   a s s i g n e d   P a t e n t  

A p p l i c a t i o n   S e r i a l   No.  4 3 0 , 9 0 9 ,   f i l e d   S e p t e m b e r   30,  1 9 8 2  

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

s u r f a c e   f i l m   h e a t e r   e l e m e n t   c i r c u m f r e n t i a l l y   c o a t e d   on  a  
s u r f a c e   of   a  c y l i n d r i c a l   c e r a m i c   s u b s t r a t e   a d j a c e n t   t o  

i t ' s   e n d .   T e s t s   of  t h e   g low  p l u g   d i s c l o s e d   in  P a t e n t  

A p p l i c a t i o n   4 3 0 , 9 0 9   e x h i b i t e d   i m p r o v e d   p e r f o r m a n c e ,  

h o w e v e r ,   c o n t a c t   c o r r o s i o n   a t   t he   o p p o s i t e   e n d s   of  t h e  

s u r f a c e   f i l m   h e a t e r   e l e m e n t   w h e r e   e l e c t r i c a l   c o n t a c t   w a s  

made  to  t he   o u t e r   s h e l l   and  a x i a l   e l e c t r i c a l   t e r m i n a l  

were   e n c o u n t e r e d   d u r i n g   l i f e   t e s t s .   The  i n v e n t i o n   i s   a n  

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

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

by  K n o l l   e t   a l ,   i s   e a s i e r   to  make,   and  s o l v e s   t he   c o n t a c t  

p r o b l e m s   e n c o u n t e r e d   in  t h e   f o r m e r   d e s i g n .  

Summary  of  t h e   I n v e n t i o n  

The  i n v e n t i o n   i s   a  g low  p l u g   f o r   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   h a v i n g   a  c y l i n d r i c a l   m e t a l   s h e l l ,   an  a x i a l  



e l e c t r i c a l   t e r m i n a l   l o c a t e d   c o n c e n t r i c a l l y   in  s a i d   s h e l l  

and  e l e c t r i c a l l y   i n s u l a t e d   t h e r e f r o m   and  a  s u r f a c e   f i l m  

h e a t e r   member  e l e c t r i c a l l y   c o n n e c t e d   b e t w e e n   t h e   m e t a l  

s h e l l   and  t h e   a x i a l   e l e c t r o d e .   The  h e a t e r   m e m b e r  

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

one  end  i n t e r n a l l y   c a p t i v a t e d   b e t w e e n   one  end  of   t h e  

s h e l l   and  t he   a x i a l   e l e c t r i c a l   t e r m i n a l ,   and  t h e   o t h e r  

end  of  t he   h e a t e r   member  p r o t r u d i n g   e x t e r n a l l y   f rom  t h e  

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

A  r e s i s t i v e   s u r f a c e   f i l m   h e a t e r   e l e m e n t   i s   c o a t e d   on  a t  

l e a s t   one   s u r f a c e   o f   t h e   s u b s t r a t e   a d j a c e n t   t o   t h e  

e x t e r n a l   e n d .   A  f i r s t   c o n d u c t i v e   s u r f a c e   f i l m   c o a t e d   o n  

the   e x t e r n a l   s u r f a c e   of  t he   s u b s t r a t e   c o n n e c t s   one  end  o f  

the   h e a t e r   e l e m e n t   to   t he   s h e l l .   A  s e c o n d   c o n d u c t i v e  

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

t h e   s u b s t r a t e   c o n n e c t s   t h e   o t h e r   end   of   t h e   h e a t e r  

e l e m e n t   w i t h   t he   a x i a l   e l e c t r i c a l   t e r m i n a l .   P r e f e r a b l y  

the   h e a t e r   e l e m e n t   i s   a  t r a n s i t i o n   m e t a l   of  the   p l a t i n u m  

f a m i l y .  

One  a d v a n t a g e   of  the   g low  p l u g   i s   t h a t   t he   c y l i n -  

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

i s o l a t e d   f rom  t he   c o o l i n g   e f f e c t s   of  i m p r i n g i n g   a i r / f u e l  

m i x t u r e   and  e n h a n c e s   i g n i t i o n .  
A n o t h e r   a d v a n t a g e   of   t h e   g l o w   p l u g   i s   t h a t   b o t h  

c o n n e c t i o n s   b e t w e e n   t he   h e a t e r   e l e m e n t ,   t he   s h e l l   and  t h e  

a x i a l   e l e c t r i c a l   t e r m i n a l   a re   made  i n t e r n a l   to  t he   s h e l l  

and  no t   e x p o s e d   to   t h e   h i g h   t e m p e r a t u r e   and  c o r r o s i v e  

a t m o s p h e r e   of  t he   e n g i n e .   S t i l l   a n o t h e r   a d v a n t a g e   of  t h e  

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

t i p   of  t he   c e r a m i c   s u b s t r a t e   m i n i m i z i n g   the   p r o t r u s i o n  

n e e d e d   i n t o   t h e   e n g i n e ' s   i g n i t i o n   c h a m b e r   r e d u c i n g  

i n t e r f e r e n c e   of  t he   glow  p lug   w i t h   the   i g n i t i o n ' c h a m b e r ' s  

a i r   f l o w   p a t t e r n .   T h e s e   and  o t h e r   a d v a n t a g e s   of   t h e  

i m p r o v e d   g l o w   p l u g   w i l l   b e c o m e   m o r e   a p p a r e n t   f r o m   a  



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

d r a w i n g s .  

B r i e f   D e s c r i p t i o n   of   t h e   F i g u r e s  

FIGURE  1  i s   a  c r o s s   s e c t i o n   of   t h e   i m p r o v e d  

e m b o d i m e n t   of  t h e   g low  p l u g .  
FIGURE  2  i s   an  e n l a r g e d   c r o s s - s e c t i o n   s h o w i n g   t h e  

d e t a i l s   of  the   h e a t e r   m e m b e r .  

FIGURE  3  i s   an  e n l a r g e d   c r o s s - s e c t i o n   of  a  s e c o n d  

e m b o d i m e n t   of  t he   h e a t e r   m e m b e r .  

F I G U R E  4   i s   an  e n l a r g e d   c r o s s - s e c t i o n   of   a  t h i r d  

e m b o d i m e n t   of  t he   h e a t e r   m e m b e r .  

FIGURE  5  i s   a  c r o s s - s e c t i o n   s h o w i n g   t h e   g low  p l u g  

m o u n t e d   in  t he   s w i r l   c h a m b e r   of  a  d i e s e l   t y p e   i n t e r n a l  

c o m b u s t i o n   e n g i n e .  

D e t a i l e d   D e s c r i p t i o n   of   t h e   I n v e n t i o n  

A  c r o s s - s e c t i o n a l   v i e w   of   t h e   glow  p l u g   i s   shown  i n  

FIGURE  1.  The  g low  p l u g   10  c o m p r i s e s   a  c y l i n d r i c a l   m e t a l  

s h e l l   12  h a v i n g   an  i n t e r n a l   b o r e   14.  Formed  a t   one  e n d  

of  t he   s h e l l   12  i s   a  c o n t a c t   s e a t   16  d e f i n i n g   a  h e a t e r  

a p e r t u r e   18.  L o c a t e d   in  t he   i n t e r n a l   b o r e   14  i s   a  h e a t e r  

member  2 0  h a v i n g   a  r e s i s t i v e   s u r f a c e   f i l m   h e a t e r   e l e m e n t  

24  c o a t e d   or  d i s p o s e d   on  a t   l e a s t   one  s u r f a c e   of  a  n o n -  

c o n d u c t i v e   s u b s t r a t e   22  a d j a c e n t   to   one  end  t h e r e o f   a s  

s h a l l   be  d e s c r i b e d   h e r e i n a f t e r .   The  n o n c o n d u c t i v e  

s u b s t r a t e   22  i s   p r e f e r a b l y   a  h i g h   t e m p e r a t u r e   c e r a m i c ,  

b u t   may  be  q u a r t z ,   a  h i g h   t e m p e r a t u r e   g l a s s ,   or  m e t a l  

s l e e v e   c o a t e d   w i t h   an  i n s u l a t i n g   m a t e r i a l .   The  s u b s t r a t e  

h a s   an  i n t e r n a l   b o r e   26,   a  b a s e   or  i n t e r n a l   p o r t i o n   2 8  

d i s p o s e d   in   s h e l l   12  and   a  s m a l l e r   d i a m e t e r   e x t e r n a l  

p o r t i o n   30  p r o t r u d i n g   e x t e r n a l   to   t he   s h e l l   12  t h r o u g h  

t h e   h e a t e r   a p e r t u r e   1 8 .   H e a t e r   a p e r t u r e   18  h a s   a  



d i a m e t e r   s m a l l e r   t h a n   t h e   d i a m e t e r   of  i n t e r n a l   p o r t i o n   2 8  

of   t h e   s u b s t r a t e   22  and   l a r g e r   t h a n   t h e   d i a m e t e r   o f  

e x t e r n a l   p o r t i o n   3 0 .  

An  a x i a l   e l e c t r i c a l   t e r m i n a l   36  h a s   a  r a d i a l   f l a n g e  

38  and   g u i d e   40  f o r m e d   a t   one   e n d .   The  g u i d e   40  i s  

r e c e i v e d   i n t o   t he   i n t e r n a l   b o r e   26  of  s u b s t r a t e   22  w i t h  

one  f a c e   of  t he   r a d i a l   f l a n g e   38  a b u t t i n g   t h e   i n t e r n a l  

end  f a c e   42  of  t h e   s u b s t r a t e   22  w i t h   a  f o r c e   s u f f i c i e n t  

to  d e f o r m   an  e l e c t r i c a l l y   c o n d u c t i v e   g a s k e t   32  i n t e r p o s e d  
b e t w e e n   a  s h o u l d e r   34  of   t h e   s u b s t r a t e   22  and  t h e  s h e l l  

c o n t a c t   s e a t   16.   The  c o n d u c t i v e   g a s k e t   32  may  be  c o p p e r ,  
g o l d   or  any  o t h e r   m a l e a b l e   m e t a l   or  a l l o y .  

A  c y l i n d r i c a l   i n s u l a t o r   m e m b e r  4 4 ,   s i m i l a r   to   t h e  

i n s u l a t o r   commonly   u s e d   in  s p a r k   p l u g s ,   i s   i n s e r t e d   i n  

b o r e   14  c i r c u m s c r i b i n g   a x i a l   e l e c t r i c a l   t e r m i n a l  3 6   a n d  

a b u t t i n g   t h e   o p p o s i t e   f a c e   of  r a d i a l   f l a n g e   38.   The  e n d  

of  t he   s h e l l   12  i s   c r i m p e d   o v e r   to  fo rm  a  p e r i p h e r a l   l i p  

46.   The  i n s u l a t o r   member  44,   a x i a l   e l e c t r i c a l   t e r m i n a l  

36  and  h e a t e r   member  20  a r e   t h e n   l o c k e d   t i g h t l y   i n s i d e   o f  

s h e l l   12  by  a  ho t   p r e s s   o p e r a t i o n   which   h e a t s ,   t h e n   c o o l s  

and  u n d e r c u t   g r o o v e   95  w h i l e   a  c o m p r e s s i v e   f o r c e   i s  

a p p l i e d   b e t w e e n   p e r i p h e r a l   l i p   46  and  t he   o p p o s i n g   end  9 6  

of   an  e x t e r n a l   h e x a g o n a l   p o r t i o n   50 .   The  s h e l l   1 2  

f u r t h e r   i n c l u d e s   an  e x t e r n a l l y   t h r e a d e d   p o r t i o n   48  f o r  

a m o u n t i n g   t he   glow  p l u g  1 0   in  the   e n g i n e .   The  e x t e r n a l  

h e x a g o n a l   p o r t i o n   50  f a c i l i t a t e s   t h r e a d i n g   t he   g low  p l u g  

i n t o   an  a p p r o p r i a t e   t h r e a d e d   a p e r t u r e   of  t h e   e n g i n e .  
One  a d v a n t a g e   of  t h e   glow  p l u g   shown  in  FIGURE  1  i s  

t h a t   t h e   e l e c t r i c a l   c o n n e c t i o n s   b e t w e e n   t h e   s u r f a c e   f i l m  

h e a t e r   e l e m e n t   24,  t h e   s h e l l   12,  and  the   a x i a l   e l e c t r i c a l  

t e r m i n a l   36  a r e   made  i n t e r n a l   to  the   s h e l l   12  w h e r e   t h e y  

a r e   p r o t e c t e d   f rom  the   h i g h   t e m p e r a t u r e s   and  c o r r o s i v e  

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

e l i m i n a t e s   t he   e l e c t r i c a l   t e r m i n a l   c o r r o s i o n   p r o b l e m s  

e n c o u n t e r e d   w i t h   t he   p r i o r   d e s i g n s .  



The  d e t a i l s   of  t he   h e a t e r   member  20  a r e   i l l u s t r a t e d  

in  FIGURE  2.  R e f e r r i n g   to   FIGURE  2,  t he   h e a t e r   m e m b e r  

20,  as   p r e v i o u s l y   d e s c r i b e d ,   h a s   a  g e n e r a l l y   c y l i n d r i c a l  

s u b s t r a t e   22  h a v i n g   an  i n t e r n a l   b o r e   2 6 ,   an  i n t e r n a l  

p o r t i o n   28,   a  s m a l l e r   d i a m e t e r   e x t e r n a l   p o r t i o n   30,   and  a  

s l o p e d   s h o u l d e r   34  c o n n e c t i n g   t h e   e x t e r n a l   s u r f a c e s   o f  

t h e   i n t e r n a l   p o r t i o n   28  and  e x t e r n a l   p o r t i o n   30.   T h e  

e d g e s   a t   end  f a c e   52  of  t h e   s u b s t r a t e   22  a r e   g r o u n d   t o  

fo rm  r a d i i   b l e n d i n g   the   end  f a c e   52  w i t h   t h e   c o n t i g u o u s  

i n t e r n a l   s u r f a c e   of  b o r e   26  w i t h   ' t he   e x t e r n a l   s u r f a c e   o f  

t h e   s u b s t r a t e   or  may  be  g r o u n d   to  fo rm  a  f u l l   r a d i u s   a s  

s h o w n .   In  a  s i m i l a r   m a n n e r   a  g r o u n d   r a d i u s   54  i s   f o r m e d  

a t   t h e   b a s e   of  t he   s u b s t r a t e   b l e n d i n g   t he   end  f a c e   4 2  

w i t h   t h e   i n t e r n a l   s u r f a c e   of   b o r e   2 6 .  

A  h i g h l y   c o n d u c t i v e   m e t a l   f i l m   56  i s   c i r c u m f e r e n -  

t i a l l y   c o a t e d   on  t h e   s u r f a c e   o f   s h o u l d e r   34  and   a  

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

e x t e r n a l   p o r t i o n   30  o f   t h e   s u b s t r a t e   l e a v i n g   a  f i r s t  

u n c o a t e d   p o r t i o n   60  a d j a c e n t   to   end  f a c e   42  and  a  s e c o n d  

u n c o a t e d   p o r t i o n   64  a d j a c e n t   to   end  f a c e   52.   A  s i m i l a r  

h i g h l y   c o n d u c t i v e   m e t a l   f i l m   58,   i s   c o a t e d   on  t h e  

i n t e r n a l   s u r f a c e   of  c y l i n d r i c a l   s u b s t r a t e   22  and  e x t e n d s  

a r o u n d   r a d i u s   54  o n t o   end  f a c e   42  as  shown.   The  m e t a l  

f i l m   on  the   end  f a c e   42  has   a  d i a m e t e r   s m a l l e r   t h a n   t h e  

d i a m e t e r   of  t he   i n t e r n a l   p o r t i o n   28  l e a v i n g   an  u n c o a t e d  

p e r i p h e r a l   p o r t i o n   62.  The  h i g h l y   c o n d u c t i v e   m e t a l   f i l m s  

56  and   58  may  be  t r a n s i t i o n   m e t a l   f i l m s ,   g o l d   f i l m s ,  

a l l o y s   t h e r e o f   or  any  o t h e r   m e t a l   or  m e t a l   a l l o y   f i l m s .  

A  r e s i s t i v e   m e t a l   s u r f a c e   f i l m   h e a t e r   e l e m e n t   2 4 ,  

h a v i n g   a  r e s i s t a n c e   g r e a t e r   t h a n   0 .2   ohms  i s   d e p o s i t e d   o n  

t h e   u n c o a t e d   p o r t i o n   64  of  t h e   s u b s t r a t e   and  on  end  f a c e  

52.  P r e f e r a b l y   the   r e s i s t a n c e   of  h e a t e r   e l e m e n t   24  i s  

b e t w e e n  0 . 4   and  0 . 6   o h m s .   H e a t e r   e l e m e n t   24  and   t h e  

c o n d u c t i v e   m e t a l   f i l m s   56  and  58  o v e r l a p   p r o v i d i n g   f o r  

e l e c t r i c a l   c o n t a c t   t h e r e b e t w e e n .   P r e f e r a b l y   t h e   r e s i s -  



t i v e   m e t a l   of  h e a t e r   e l e m e n t   24  i s   of  t h e   p l a t i n u m   f a m i l y  

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

a l l o y s   t h e r e o f .   A l l o y s   h a v i n g   h i g h e r   m e l t i n g   t e m p e r a -  

t u r e s ,   s u c h   as  a l l o y s   c o n t a i n i n g   t u n g s t e n   and  a t   l e a s t  

one  t r a n s i t i o n   m e t a l   may  be  u s e d   to   i n c r e a s e   t h e  

o p e r a t i n g   t e m p e r a t u r e   of  t h e   g low  p l u g .  

The  p r i m a r y   a d v a n t a g e   of   t h e   c y l i n d r i c a l   c o n f i g u r a -  

t i o n   of  t he   h e a t e r   member  i s   t h a t   t h e   b o r e   26  fo rm  a  h i g h  

t e m p e r a t u r e   c u l - d e - s a c   a d j a c e n t   to  i t s   open   end  w h i c h   i s  

i s o l a t e d   f rom  the   c o o l i n g   e f f e c t s   o f  t h e   s w i r l i n g   a i r /  

f u e l   m i x t u r e   in   t h e   e n g i n e ' s   i g n i t i o n   c h a m b e r .   T h e  

a i r / f u e l   m i x t u r e   e n t e r i n g   t h e   h i g h   t e m p e r a t u r e   c u l - d e - s a c  

f o r m e d   by  b o r e   26  i s   m o r e   r e a d i l y   i g n i t e d   t h a n   t h e  

a i r / f u e l   m i x t u r e   i m p r i n g i n g   on  t h e   e x t e r n a l   s u r f a c e s   o f  

t h e   h e a t e r   member  e n h a n c i n g   t h e   i g n i t i o n   e f f i c i e n c y   o f  

t h e   g l o w   p l u g .  

In  t h e   a s s e m b l y   o f   t h e   g l o w   p l u g   one   end  of   t h e  

h e a t e r   e l e m e n t   24  is   in  e l e c t r i c a l   c o n t a c t   w i t h  t h e   s h e l l  

12  t h r o u g h   s u r f a c e   f i l m   56  on  s h o u l d e r   34  a n d  

e l e c t r i c a l l y   c o n d u c t i v e   g a s k e t   32  w h i l e   o t h e r   end   o f  

h e a t e r   e l e m e n t   i s   in   e l e c t r i c a l   c o n t a c t   w i t h   a x i a l  

e l e c t r i c a l   t e r m i n a l   36  t h r o u g h   s u r f a c e   f i l m   58  on  t h e  

i n t e r n a l   s u r f a c e   of  b o r e   26  and  r a d i a l   f l a n g e   38  a b u t t i n g  

t h e   e x t e n t i o n   of  s u r f a c e   f i l m   58  o n t o   t he   end  f a c e   4 2 .  

In  an  a l t e r n a t e   e m b o d i m e n t   of  t he   h e a t e r   member  20  

shown  in  FIGURE  3,  t he   b o r e   26  of   t h e   s u b s t r a t e   22  i s  

t a p e r e d   o u t w a r d l y   at   end  52  to   e n h a n c e   the   d e p t h   a t   w h i c h  

t he   h e a t e r   e l e m e n t   24  may  be  c o a t e d   i n t o   b o r e   26.   T h i s  

p e r m i t s   t he   h e a t e r   e l e m e n t   24  to   wrap   a r o u n d   end  f a c e   5 2  

and  e x t e n d   a  s h o r t   d i s t a n c e   i n t o   b o r e   26  as  shown.   T h i s  

f u r t h e r   e n h a n c e s   the   f o r m a t i o n   of  t h e   h i g h   t e m p e r a t u r e  
c u l - d e - s a c   as  p r e v i o u s l y   d e s c r i b e d .  

In  c o n t r a s t   to  the   a r r a n g e m e n t   shown  on  F i g u r e s   2 

and  3  t he   h e a t e r   e l e m e n t   24  may  be  c o a t e d   on  the   i n t e r n a l  

s u r f a c e   of  t he   c e r a m i c   s u b s t r a t e   d e f i n e d   by  b o r e   26  a s  



shown  on  F i g u r e   4.  In  t h i s   c o n f i g u r a t i o n   the   c o n d u c t i v e  

m e t a l   f i l m   56  e x t e n d s   a l o n g   t h e   e x t e r n a l   s u r f a c e   of  t h e  

s u b s t r a t e   a d j a c e n t   to  end  f a c e   52.   The  c o n d u c t i v e   m e t a l  

f i l m   58  e x t e n d s   a l o n g   t he   i n t e r n a l   s u r f a c e   of  t h e   s u b -  

s t r a t e   and  o n t o   end  f a c e   42  as   in  t he   p r i o r   e m b o d i m e n t s .  

T h i s   c o n f i g u r a t i o n   f u r t h e r   e n h a n c e s   t h e   h i g h   t e m p e r a t u r e  
c u l - d e - s a c   f o r m e d   i n  t h e   b o r e   26  of   c e r a m i c   s u b s t r a t e  

a d j a c e n t   to  t he   e x t e r n a l   end  f a c e   5 2 .  

B e c a u s e   the   h e a t e r   e l e m e n t   24  i s   l o c a t e d   a d j a c e n t   t o  

t h e   t i p   of  t he   g low  p l u g ,   i t   i s   no  l o n g e r   r e q u i r e d   f o r  

t h e   g low  p l u g   to  p r o t r u d e   f u l l y   i n t o   t h e   i g n i t i o n   c h a m b e r  

of   t h e   e n g i n e .   R e f e r r i n g   t o   FIGURE  5  t h e r e   i s  

i l l u s t r a t e d   a  t y p i c a l   s w i r l   c h a m b e r   68  of  a  d i e s e l   t y p e  

e n g i n e   h a v i n g   an  a p e r t u r e   70  c o m m u n i c a t i n g   w i t h   t h e  

c o r r e s p o n d i n g   e n g i n e   c y l i n d e r .   As  i s   known  in  the   a r t ,  
a i r   i s   pumped  in  and  o u t   of  t he   s w i r l   c h a m b e r   68  w i t h   t h e  

r e c i p r o c a t i o n   of  t h e   c y l i n d e r ' s   p i s t o n   as  i n d i c a t e d   b y  
d a s h e d   d o u b l e   h e a d e d   a r r r o w   7 2 .   F u e l   f r o m   a  F u e l  

I n j e c t o r   74  i s   i n j e c t e d   i n t o   t he   s w i r l   c h a m b e r   where   i t  

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

a i r / f u e l   m i x t u r e .   B e c a u s e   the   h e a t e r   e l e m e n t   24  of  t h e  

i m p r o v e d   g l o w   p l u g   10  i s   f o r m e d   a t   t h e   t i p   of   t h e  

s u b s t r a t e   22,  o n l y   t he   t i p   of   t he   g low  p l u g   need  to  p r o -  
t r u d e   i n t o   t he   s w i r l   c h a m b e r   68  as  s h o w n .   In  t h i s   w a y  
t h e   g low  p l u g   10  p r o d u c e s   m i n i m a l   i n t e r f e r e n c e   w i t h   t h e  

s w i r l i n g   a i r   p a t t e r n   i n s i d e   o f   c h a m b e r   68 .   In  f a c t ,  

t e s t s   c o n d u c t e d   to   d a t e   i n d i c a t e   e f f i c i e n t   i g n i t i o n   o f  

t h e   a i r   f u e l   m i x t u r e   can   be  o b t a i n e d   w i t h   t he   glow  p l u g  

m o u n t e d   in  t he   g low  p l u g   w e l l   76  w i t h   t he   t i p   d i s p o s e d  

f l u s h   w i t h   t he   i n t e r n a l   w a l l s   of  t h e   s w i r l   c h a m b e r   6 8 .  

The  a d v a n t a g e s   of   t h e   i m p r o v e d   g l o w   p l u g   a r e   a s  

f o l l o w s :  

1.  The  low  mass   of  t h e   s u r f a c e   f i l m   h e a t e r   e l e m e n t  

24  p e r m i t s   t h e   g low  p l u g   to   r e a c h   an  o p e r a t i o n a l  

t e m p e r a t u r e   above   800°C  in  l e s s   t h a n   5  s e c o n d s .  



2.  The  w a t t   d e n s i t y   of  t h e   s u r f a c e   f i l m   h e a t e r  

e l e m e n t   24  e x c e e d s   t h a t   of  b u l k   m a t e r i a l   g i v i n g   r i s e   t o  

c u r r e n t   r e q u i r e m e n t s   a v e r a g i n g   in  t he   r a n g e   f rom  3  to   7 

amps  a t   o p e r a t i n g   t e m p e r a t u r e s .  
3.  The  t r a n s i t i o n   m e t a l   h e a t e r   e l e m e n t   24  e x h i b i t s  

c a t a l y t i c   a c t i o n   e n h a n c i n g   t h e   i g n i t i o n   of   t h e   a i r / f u e l  

m i x t u r e   a t   l o w e r   t e m p e r a t u r e s .  

4.  The  i n t e r n a l   s u r f a c e   of  t he   h e a t e r   member  2 0  

a d j a c e n t   to  e x t e r n a l   end  f a c e   52  r e m a i n s   a t   t he   i g n i t i o n  

t e m p e r a t u r e   of   t h e   a i r / f u e l   m i x t u r e   r e g a r d l e s s   of   t h e  

c o o l i n g   f rom  f u e l   or  a i r   in  the   i g n i t i o n   c h a m b e r .  

5.  B e c a u s e   t h e   h e a t e r   e l e m e n t   24  i s   l o c a t e d   a t   t h e  

t i p   of  t he   g low  p l u g ,   o n l y   t h e   t i p   of  t h e   g low  p l u g  n e e d s  
to   p r o t r u d e   i n t o   t h e   i g n i t i o n   c h a m b e r   p r o d u c i n g   o n l y  
minimum  i n t e r f e r e n c e   w i t h   the   i g n i t i o n   c h a m b e r ' s   f l u i d  

f low  p a t t e r n .  
6.  The  e l e c t r i c a l   c o n t a c t s   to   t he   c o n d u c t i v e   s u r -  

f a c e   f i l m s   56  a n d   58  a r e   made  w i t h i n   t h e   s h e l l   1 2  

r e d u c i n g   t h e i r   e x p o s u r e   to  the   h i g h e r   e n g i n e   t e m p e r a t u r e s  

r e d u c i n g   t h e i r   o x i d a t i o n   and  c o r r o s i o n .  

7.  The  c o m p o n e n t s   of  the   g low  p l u g   a r e   a p p l i c a b l e  

to  s t a n d a r d   s p a r k   p l u g   m a n u f a c t u r i n g   t e c h n i q u e s   a n d  

t h e r e f o r e   a r e   p o t e n t i a l l y   l e s s   c o s t l y   t h a n   glow  p l u g s  

u s i n g   s p i r a l   wound  w i r e   h e a t e r s .  

I t   i s   r e c o g n i z e d   t h a t   t h e   c o n f i g u r a t i o n   of   t h e  

v a r i o u s   e l e m e n t s   of   t h e   g low  p l u g   may  be  c h a n g e d   f r o m  

t h o s e   shown  on  t h e   d r a w i n g s   w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   of  t h e   i n v e n t i o n   as  d e s c r i b e d   h e r e i n   and  s e t   f o r t h  

in  the  a p p e n d e d   c l a i m s .  



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

( 1 2 ) ,   an  a x i a l   e l e c t r i c a l   t e r m i n a l   ( 3 6 )   d i s p o s e d  

c o n c e n t r i c a l l y   in  s a i d   s h e l l   and  i n s u l a t e d   t h e r e f r o m ,  

and  a  h e a t e r   member  (20)   e l e c t r i c a l l y   c o n n e c t e d   b e t w e e n  

t h e   m e t a l   s h e l l   ( 12 )   and  t h e   a x i a l   e l e c t r i c a l   t e r m i n a l  

(36)   c h a r a c t e r i z e d   b y :  

an  e l e c t r i c a l l y   n o n c o n d u c t i v e   c y l i n d r i c a l   s u b s t r a t e  

(22)   h a v i n g   an  i n t e r n a l   p o r t i o n   (28)   c a p t i v a t e d   b e t w e e n  

one  end  of   t h e   s h e l l   ( 12 )   and  t h e   e l e c t r i c a l   t e r m i n a l  

( 3 6 ) ,   an  e x t e r n a l   p o r t i o n   (30)   p r o t r u d i n g   e x t e r n a l   f r o m  

t h e   s h e l l   (12)   and  t h e   e l e c t r i c a l   t e r m i n a l   ( 3 6 ) ,   a n  

e x t e r n a l   p o r t i o n   (30)   p r o t r u d i n g   e x t e r n a l   f rom  t h e   s h e l l  

( 1 2 ) ,   and  a  c o n c e n t r i c   b o r e   (26)   p a s s i n g   t h r o u g h   s a i d  

s u b s t r a t e   ( 2 2 ) ;  

a  r e s i s t i v e   s u r f a c e   f i l m   h e a t e r   e l e m e n t   ( 2 4 )  

d i s p o s e d   on  a t   l e a s t   one   s u r f a c e   of  s a i d   e x t e r n a l  

p o r t i o n   (30)   a d j a c e n t   t o   t h e   e x t e r n a l   end  of  s a i d  

c y l i n d r i c a l   s u b s t r a t e   ( 2 2 ) ;  

a  f i r s t   c o n d u c t i v e   s u r f a c e   f i l m   (56)   d i s p o s e d   on  t h e  

e x t e r n a l   s u r f a c e   of  s a i d   c y l i n d r i c a l   s u b s t r a t e   ( 2 2 )  

c o n n e c t i n g   one  end  of   t h e   h e a t e r   e l e m e n t   (24 )   w i t h   t h e  

s h e l l   ( 1 2 ) ;   a n d  

a  s e c o n d   c o n d u c t i v e   s u r f a c e   f i l m   (58)   d i s p o s e d   on  a t  

l e a s t   t h e   i n t e r n a l   s u r f a c e   of   s a i d   c o n c e n t r i c   b o r e   ( 2 6 )  

c o n n e c t i n g   t h e   o t h e r   end  of   s a i d   h e a t i n g   e l e m e n t   ( 2 4 )  

w i t h   s a i d   e l e c t r i c a l   t e r m i n a l   ( 3 6 ) .  

2.  The  g low  p l u g   of  C l a i m   1  w h e r e i n   s a i d   h e a t e r  

e l e m e n t   (24)   i s   a  m e t a l   f i l m   h a v i n g   a  r e s i s t a n c e   g r e a t e r  

t h a n   0 . 2   o h m s .  



3.  The  g low  p l u g   of   C l a i m   2  w h e r e i n   s a i d   h e a t e r  

e l e m e n t   ( 2 4 )  i s   a  t r a n s i t i o n   m e t a l   f i l m   s e l e c t e d   f r o m  

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

i r i d i u m   and  r h o d i u m .  

4.  The  g low  p l u g   of   C l a i m   1  w h e r e i n   s a i d   h e a t e r  

e l e m e n t   (24)   i s   a  m e t a l   a l l o y   f i l m   h a v i n g   a  r e s i s t a n c e  

g r e a t e r   t h a n   0 . 2   o h m s .  

5.  The  g low  p l u g   of   C l a i m   5  w h e r e i n   s a i d   m e t a l   a l l o y  
f i l m   h a s   a t   l e a s t   one  c o n s t i t u e n t   s e l e c t e d   f rom  t h e  

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

and  r h o d i u m .  

6.  The  g low  p l u g   of  C l a i m   2  w h e r e i n   s a i d   h e a t e r  

e l e m e n t   (24)   i s   a  4  t o   8  m i l l i m e t e r   w ide   b a n d  

c i r c u m s c r i b i n g   s a i d   a t   l e a s t   one  s u r f a c e   of   s a i d  

c y l i n d r i c a l   s u b s t r a t e   (22)   a d j a c e n t   to   t he   e x t e r n a l   e n d  

(52)   of  s a i d   c y l i n d r i c a l   s u b s t r a t e   ( 2 2 ) .  

7.  The  g low  p l u g   of  C l a i m   8  w h e r e i n   s a i d   a t   l e a s t   o n e  

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

s u b s t r a t e   ( 2 2 ) ,   s a i d   h e a t e r   e l e m e n t   (24)  i s   f u r t h e r  

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

s a i d   c o n c e n t r i c   b o r e   (26)   a d j a c e n t   to   e x t e r n a l   end  ( 5 2 ) .  

8.  The  g low  p l u g   of  C l a i m   5  w h e r e i n   s a i d   a t   l e a s t   o n e  

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

s u b s t r a t e   ( 2 2 ) ,   s a i d   h e a t e r   e l e m e n t   (24)  i s   f u r t h e r  

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

s a i d   c o n c e n t r i c   b o r e   (52)   a d j a c e n t   to   s a i d   e x t e r n a l   e n d  

( 5 2 ) .  



9.  The  glow  p l u g   of   C l a i m   1  w h e r e i n   s a i d   f i r s t   a n d  

s e c o n d   c o n d u c t i v e   s u r f a c e   f i l m s   (56  and  58)  a r e   m e t a l  

f i l m s   h a v i n g   a  r e s i s t a n c e   of   l e s s   t h a n   0 . 2   o h m s .  

10.   The  g low  p l u g   of   C l a i m   1  w h e r e i n   s a i d   c y l i n d r i c a l  

s u b s t r a t e   (22)   i s   a  c e r a m i c   s u b s t r a t e .  
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