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©  Spark  plug  for  an  internal  combustion  engine. 

A  spark  plug  (60,  Fig.  4)  for  an  internal  combustion 
engine  comprises  a  ceramic  body  (31)  and  a  plurality  (e.g. 
three)  of  spark  electrodes  (34)  which  receive  high-tension 
electricity  independently  of  each  other  via  electrical  conduc- 
tors  extending  through  the  ceramic  body.  Each  spark 
electrode  (34)  has  a  tip  region  which  extends  away  from  the 
plug  axis  in  the  vicinity  of  the  end  of  the  plug  so  as  to  define 
with  a  respective  counter-electrode  (40)  of  the  plug  a 
spark-gap  (42)  which  is  substantially  parallel  to  the  axis  of 
the  plug.  Preferably  the  spark  gaps  (42)  are  substantially 
equiangularly  spaced  around  the  plug  axis. 

The  spark  plug  of  the  invention  enables  an  internal 
combustion  engine  to  be  operated  with  increased  thermal 
efficiency  compared  to  a  conventional  single-gap  plug,  and 
with  an  improved  fuel  economy  which  increases  as  the 
air-fuel  ratio  increases,  whereby  the  engine  may  be  operated 
on  a  fuel  of  reduced  octane  number  (e.g.  with  low  lead  or 
lead-free  gasoline)  and/or  with  an  increased  compression 
ratio. 



The  p r e s e n t   i nven t ion   r e l a t e s   to  a  spark  plug  for  an  i n t e r n a l  

combustion  engine ,   and  to  an  i g n i t i o n   system  and  to  an  i n t e r n a l  

combustion  engine   compris ing  the  spark  p l u g .  

The  thermodynamic  e f f i c i e n c y   of  a  spark  i g n i t i o n   i n t e r n a l  

combustion  engine  is  dependent,   i n t e r   a l i a ,   on  the  t iming  of  t h e  

combustion  and  the  ra te   at  which  it  occurs .   The  best  r e s u l t s   a r e  

obta ined  when  combustion  is  completed  very  c lose   to  the  top  dead  c e n t r e  

p o s i t i o n   of  the  crank,  but  al though  rapid  combustion  is  d e s i r a b l e ,  

e x c e s s i v e l y   f a s t   combustion  causing  knocking,   which  can  damage  t h e  

engine,  must  be  a v o i d e d .  

Good  combust ion  is  favoured  by  a  high  degree  of  t u r b u l e n c e   w i t h i n  

the  f u e l - a i r   charge  p r io r   to  combustion.   Turbulence  is ,   however ,  

dependent  upon  engine  speed,  and  t u r b u l e n c e   d e t e r i o r a t e s   at  low  s p e e d s .  

At  al l   speeds  the  power  output  from  a  given  c y l i n d e r   tends  to  f l u c t u a t e  

from  cycle  to  cycle   when  the  engine  is  opera ted   under  f ixed   c o n d i t i o n s ,  

and  t h i s   f l u c t u a t i o n   appears  to  be  a ccen tua t ed   at  lean  f u e l - a i r   o p e r a t i n g  

c o n d i t i o n s .   This  e f f e c t ,   known  as  d i s p e r s i o n ,   is  thought   to  depend  on 

f l u c t u a t i o n s   in  gas  v e l o c i t y   in  the  v i c i n i t y   of  the  spark  plug  and  can 

reduce  power  output   by  as  much  as  10%. 

It  has  now  been  discovered  that   the  e f f i c i e n c y   of  an  i n t e r n a l  

combustion  engine  can  be  in f luenced   s i g n i f i c a n t l y   by  the  design  of  t h e  

spark  p l u g .  



The  p r e s e n t   i n v e n t i o n   p rov ides   a  spark  plug  for  an  i n t e r n a l  

combustion  engine ,   the  plug  compris ing   a  body  having  a  c e n t r a l   p o r t i o n  

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

adapted  for  s e c u r i n g   the  plug  r e l a t i v e   to  a  spark  plug  hole  of  t h e  

engine,   a  p l u r a l i t y   of  spark  e l e c t r o d e s   at  one  ax i a l   end  reg ion   of  t h e  

plug  in tended   to  be  d i sposed   wi th in   a  combustion  chamber  of  the  e n g i n e ,  

a  c o u n t e r - e l e c t r o d e   d e f i n i n g   a  spark  gap  with  each  spark  e l e c t r o d e ,   and 

a  r e s p e c t i v e   e l e c t r i c a l   conductor   for  each  spark  e l e c t r o d e   which  

conductor   is  d i sposed   wi th in   the  body  and  p rov ides   a  r e s p e c t i v e  

e l e c t r i c a l l y - c o n d u c t i v e   path  through  the  body  to  the  r e s p e c t i v e   s p a r k  

e l e c t r o d e   from  a  r e s p e c t i v e   e l e c t r i c a l   connec t ion   po in t   or  area  at  o r  

near  to  the  o the r   ax i a l   end  of  the  body  for  the  a p p l i c a t i o n   t h e r e t o   o f  

h i g h - t e n s i o n   e l e c t r i c i t y ,   the  e l e c t r i c a l   conduc tors   being  e l e c t r i c a l l y  

i n s u l a t e d   from  each  o ther   w i t h i n  t h e   body,  wherein  each  spark  e l e c t r o d e  

is  o f f s e t   from  the  c e n t r a l   axis  of  the  plug  and  has  at  l e a s t   a  p r o j e c t i n g  

po r t ion   at  or  near  to  the  end  region  of  the  body  which  extends   away 

from  the  plug  ax i s   to  a  t ip   region  of  the  spark  e l e c t r o d e ,   and  w h e r e i n  

the  c o u n t e r - e l e c t r o d e   has  an  end  par t   d e f i n i n g   one  s ide   of  a  r e s p e c t i v e  

gap  nearer   to  the  said  o ther   ax ia l   end  of  the  plug  than  the  t ip   of  t h e  

r e s p e c t i v e   spark  e l e c t r o d e   de f i n ing   the  other   s ide  of  the  said  s p a r k  

gap  so  tha t   the  t i p   of  each  spark  e l e c t r o d e   de f ine s   with  the  c o u n t e r -  

e l e c t r o d e   a  r e s p e c t i v e   spark  gap  which  is  s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

plug  a x i s .  



The  spark   plug  of  the  i n v e n t i o n   enables  m u l t i - s p a r k   i g n i t i o n   f rom 

a  p l u r a l i t y   of  h i g h - t e n s i o n   sources   to  be  e f f e c t e d   in  the  or  e ach  

c y l i n d e r   of  an  engine  from  a  s i ng l e   spark  plug  t h e r e b y   at  l e a s t   p a r t i a l l y  

improving  the  e f f i c i e n c y   of  o p e r a t i o n   of  the  e n g i n e .  

T h e - h i g h - t e n s i o n   sou rce s   may  be  e l e c t r i c a l   conduc to r s   f o r  

conduct ing   h i g h - v o l t a g e   e l e c t r i c i t y   from  a  s i n g l e   o r i g i n a t i n g   s o u r c e  

t h e r e o f   or  from  a  p l u r a l i t y   of  o r i g i n a t i n g   sources   of  h i g h - v o l t a g e  

e l e c t r i c i t y   whereby  the  spa rks   at  each  spark  gap  may  appear  e i t h e r  

s i m u l t a n e o u s l y   t o g e t h e r   or  s e p a r a t e d   in  time.  Moreover,  the  spark  p l u g  

of  the  i n v e n t i o n   can  be  employed  in  place  of  a  c o n v e n t i o n a l   spark  p l u g  

having  a  s i n g l e   spark  gap  wi thou t   the  n e c e s s i t y   of  a l t e r i n g   the  c y l i n d e r  

head  of  the  eng ine .   The  b e n e f i t s   of  the  new  spark  plug  are  t h e r e f o r e  

r e a l i s a b l e   on  unmodif ied   i n t e r n a l   combustion  e n g i n e s .  

P r e f e r a b l y ,   the  spark  plug  comprises  a  d i s c r e t e   c o u n t e r - e l e c t r o d e  

for  each  spark  e l e c t r o d e .   i  

The  t ip   of  the  p r o j e c t i n g   p o r t i o n   of  each  spark  e l e c t r o d e   i s  

p r e f e r a b l y   in  a  r a d i a l   p lane   which  is  f u r t h e r   from  the  said  o ther   a x i a l  

end  o f  t h e   body  than  the  r a d i a l   plane  of  the  said  one  ax i a l   end  of  t h e  

body.  

P r e f e r a b l y ,   the  or  each  c o u n t e r - e l e c t r o d e   d e f i n e s   one  end  of  a  

r e s p e c t i v e   spark   gap  in  a  r a d i a l   plane  which  is  between  the  r a d i a l  

plane  of  the  t i p   of  a  c o r r e s p o n d i n g   spark  e l e c t r o d e   and  the  r a d i a l  

plane  of  the  sa id   one  ax ia l   end  of  the  body.  



The  spark  plug  of  the  i n v e n t i o n   is  p r e f e r a b l y   devoid  of  any  p a r t  

which  outwardly  s u r r o u n d s   the  spark  gaps  so  tha t   gases   in  the  combus t ion  

chamber  are  s u b s t a n t i a l l y   not  p h y s i c a l l y   i n h i b i t e d   or  s h i e l d e d   f rom 

the  sparks  in  the  spark  gaps  by  s o l i d   s t r u c t u r e s .  

The  plug  may  comprise   t h r e e   or  more  spark  gaps  de f ined   be tween  

th ree   or  more  spark  e l e c t r o d e s   and  c o u n t e r - e l e c t r o d e s .  

The  said  s u r r o u n d i n g   pa r t   of  the  spark  plug  is   p r e f e r a b l y  

e l e c t r i c a l l y   c o n d u c t i v e   and  may  c o n s t i t u t e   at  l e a s t   par t   of,  and/or   may 

suppor t ,  the   c o u n t e r - e l e c t r o d e s .  

P r e f e r a b l y ,   the  t i p   of  each  spark  e l e c t r o d e   is  s u b s t a n t i a l l y   f l a t  

or  blunt  or  obtuse   where  i t   d e f i n e s   one  end  of  a  spark  gap,  so  as  t o  

avoid  or  reduce  e r o s i o n   by  the  sparks   pass ing   a c r o s s   the  spark  gap 

2 0 .  

P r e f e r a b l y ,   at  l e a s t   the  t i p s   of  the  spark  e l e c t r o d e s   a r e  

s u b s t a n t i a l l y   e q u i a n g u l a r l y   spaced  around  the  axis   of  the  plug  so  as  t o  

de f ine   spark  gaps  which  are  s u b s t a n t i a l l y  e q u i a n g u l a r l y   s e p a r a t e d  

around  the  plug  a x i s .  

P r e f e r a b l y ,   the   said  s u r r o u n d i n g   p o r t i o n   of  the  plug  does  n o t  

extend  as  far   away  from  the  said  o the r   ax ia l   end  of  the  body  as  t h e  

said  one  ax ia l   end  of  the  said  c e n t r a l   p o r t i o n ,   and  p r e f e r a b l y ,   t h e  

sur rounding   p o r t i o n   is  e x t e r n a l l y   s c r e w - t h r e a d e d   fo r   engagement  w i t h  

co r r e spond ing   i n t e r n a l   s c r e w - t h r e a d s   of  the  spark  plug  hole  of  t h e  

e n g i n e .  

This  i n v e n t i o n   a lso   p rov ides   an  i g n i t i o n   system  for  a n  i n t e r n a l  

combustion  engine  compr i s ing   a  spark  plug  as  d e s c r i b e d   above,  and  f o r  

each  spark  e l e c t r o d e   of  the  spark  plug,   a  r e s p e c t i v e   source  of  h i g h  

t ens ion   e l e c t r i c i t y .  



The  i n v e n t i o n   f u r t h e r   p rov ides   an  i n t e r n a l   combustion  e n g i n e  

compr i s ing   at  l e a s t   one  c y l i n d e r   having  at  l e a s t   one  spark  plug  a s  

desc r ibed   above  engaged  with  the  c y l i n d e r ,   and  for  each  e l e c t r o d e   o f  

the  (or  each)  spark  plug,  a  r e s p e c t i v e   source  of  h i g h - t e n s i o n   e l e c t r i c i t y .  

Any  type  of  h i g h - t e n s i o n   e l e c t r i c i t y   source  can  be  employed -   e . g . a n  

i n d u c t i o n   c o i l ,   or  one  based  on  p i e z o - e l e c t r i c   e f f e c t s   or  a  so l id   s t a t e  

s o u r c e .  

The  i n v e n t i o n   is  now  f u r t h e r   d e s c r i b e d ,   by  way  of  n o n - l i m i t a t i v e ,  

i l l u s t r a t i v e   examples,  and  with  r e f e r e n c e   to  the  accompanying  d i a g r a m m a t i c  

drawings  in  wh ich :  

Fig.  1  shows  a  c r o s s - s e c t i o n a l   view  through  a  spark  plug  of  t h e  

i n v e n t i o n   and  a  p e r s p e c t i v e   view  of  a  high  t e n s i o n   connector   f o r  

conduc t ing   high  t e n s i o n   e l e c t r i c i t y   from  a  source  t he r eo f   (not  shown) 

to  one  of  the  spark  e l e c t r o d e s ;  

Figure   2  is  a  s i d e - e l e v a t i o n ,   p a r t l y   in  s e c t i o n ,   of  a  m u l t i - g a p  

t e s t   spark  plug  which  is  not  in  accordance  with  the  i n v e n t i o n ;  

Figure   3  is  an  undernea th   plan  view  of  the  p lug  o f   F i g . 2 ;  

F i g .   is  a  side  e l e v a t i o n   of  a  spark  plug  according   to  t h e  

i n v e n t i o n ;   and 

Fig.  5  is  an  undernea th   plan  view  of  the  plug  of  F i g . 4 .  

In  Fig.  1  of  the  d iagrammatic   drawings,   the  spark  plug  is  g e n e r a l l y  

i n d i c a t e d   by  10  and  comprises   a  body  11  in  the  form  of  a  c y l i n d r i c a l  

rod  of  ceramic  (or  o ther   s u i t a b l e   e l e c t r i c a l l y - i n s u l a t i n g   m a t e r i a l )   i n  

which  are  rece ived   th ree   e l e c t r o d e s   12.  In  the  i l l u s t r a t e d   c r o s s - s e c t i o n ,  

only  one  of  the  e l e c t r o d e s   12  is  v i s i b l e .   The  e l e c t r o d e s   12  e x t e n d  

wi th in   the  body  11  p a r a l l e l   to  the  axis  t h e r e o f   and  each  e l e c t r o d e  



p r o t r u d e s   from  one  end  of  the  body  11  which  is  i n t ended   to  be  within  a 

c y l i n d e r   of  an  i n t e r n a l   combust ion  engine,   and  the  p r o t r u d i n g   par t   i s  

extended  or  bent  r a d i a l l y   ou tward ly   in to   a  spark  e l e c t r o d e   13.  The 

o p p o s i t e  e n d   14  of  the  e l e c t r o d e   12  p r o t r u d e s   from  the  other   end  of  t h e  

body  11  and  is   also  r a d i a l l y   outwardly   formed  or  bent .   The  end  14  i s  

r e ce ived   in  a  r i g i d   cap  15  of  s u i t a b l e   h i g h - m e l t i n g ,   e l e c t r i c a l l y -  

i n s u l a t i n g   m a t e r i a l   such  as  a  s u i t a b l e   p l a s t i c s   m a t e r i a l   which  s e r v e s  

to  ma in t a in   in  p o s i t i o n   the  ends  14  of  the  e l e c t r o d e s   12  and  t h e r e b y  

ma in t a in   the  e l e c t r o d e s   12  in  a  s u b s t a n t i a l l y   f ixed   d i s p o s i t i o n   r e l a t i v e  

to  the  body  11.  

The  body  is  s u b s t a n t i a l l y   f i x e d l y   r e c e i v e d   in  a  m u l t i - p a r t   member 

16  which  has  one  par t   17  provided  with  an  e x t e r n a l   s c r ew- th r ead   18 

a d j a c e n t   to  the  spark  e l e c t r o d e   for  engagement  of  the  spark  plug  10  i n  

the  th readed   bore  (not  shown)  provided  for  the  purpose  in  the  c y l i n d e r  

head  (not  shown)  of  an  i n t e r n a l   combustion  engine .   On  the  par t   17  and 

fac ing   each  spark  e l e c t r o d e   13  is   a  r e s p e c t i v e   c o u n t e r - e l e c t r o d e   19  ( o f  

which  only  one  can  be  seen  in  the  drawing)  which  is  of  e l e c t r i c a l l y  

conduc t ive   m a t e r i a l   and  which  de f ine s   a  r e s p e c t i v e   spark  gap  20  w i t h  

the  r e s p e c t i v e   spark  e l e c t r o d e   13.  The  spark  gas  20  is  p a r a l l e l   t o  

the  l o n g i t u d i n a l   axis   of  the  plug  and  r a d i a l l y   o f f - s e t   t h e r e f r o m  

so  as  to  be  as  exposed  as  p o s s i b l e   on  a l l   s ides   to  gas  around  the  gap 

20 .  



The  m u l t i - p a r t   member  16  is  secured  to  the  body  11  by  any  s u i t a b l e  

f i t t i n g   21  which  p rov ides   a  s u b s t a n t i a l l y   f l u i d - t i g h t   s e a l i n g   r e l a t i o n s h i p  

between  the  m u l t i - p a r t   member  16  and  the  body  11,  e .g .   by  c o m p r e s s i o n  

between  said  one  par t   17  and  ano ther   pa r t   22  which  is  engaged  t h e r e w i t h  

by  screw  t h r e a d s .   Other  s e c u r i n g   and  s e a l i n g   a r rangements   known  in  t h e  

art   may  be  employed  i n s t e a d .  

Each  e l e c t r o d e   12  must  be  c o n n e c t i b l e   i n d e p e n d e n t l y   of  the  e l e c t r o d e s  

to  a  source  of  high  t en s ion   e l e c t r i c i t y .   One  way  in  which  such  i n d e p e n d e n t  

connect ion   may  be  achieved  is  shown  in  Figure  1  of  the  drawings  by  way 

of  example.  The  body  11  of  the  spark  plug  has  a  r a d i a l   bore  23  f o r  

each  e l e c t r o d e   for  r e c e i v i n g   r a d i a l l y   an  e l e c t r i c a l   connec to r   i n  

e l e c t r i c a l   con tac t   with  the  r e s p e c t i v e   e l e c t r o d e   12.  A  s u i t a b l e  

e l e c t r i c a l   connec tor   which  can  be  r a d i a l l y . r e c e i v e d   in  the  bore  23  i n  

e l e c t r i c a l   con tac t   with  the  e l e c t r o d e   12  is  a  r a d i a l   p r o j e c t i o n   24 

mounted  on  the  inner   face  of  a  spr ingy   a rcua te   c l ip   25  of  e l e c t r i c a l l y  

conduct ive   m a t e r i a l   at  one  end  of  a  cable  26.  The  cable  26  is  c o n n e c t e d  

at  i t s   other   end  (not  shown)  to  a  r e s p e c t i v e   source  of  h i g h - t e n s i o n  

e l e c t r i c i t y .   Since,   for  the  a r rangement   i l l u s t r a t e d ,   there   wi l l   be 

th ree   r a d i a l   bores  23  (one  for  each  e l e c t r o d e )   to  r e c e i v e   r e s p e c t i v e  

r a d i a l   p r o j e c t i o n s   24  on  t h r ee   spr ingy   c l i p s   25,  the  bores  23  w i l l  

p r e f e r a b l y   be  s u f f i c i e n t l y   s e p a r a t e d   along  the  axia l   l ength   of  t h e  

spark  p lug ' s   body  11  to  permit   the  c l i p s   25  to  be  a t t a c h e d   to  the  s p a r k  

plug  10  with  at  l e a s t   s u f f i c i e n t   s e p a r a t i o n   that   high  t ens ion   e l e c t r i c i t y  

passes  to  the  co r r e spond ing   e l e c t r o d e   12  without  d i s c h a r g i n g   to  an 

ad jacen t   c l ip   and/or   another   e l e c t r o d e   12. 



When  the  spark  plug  10  is  connected  to  the  sources   of  high  t e n s i o n  

e l e c t r i c i t y ,   spa rks   may  be  produced  ac ros s   the  spark  gaps  e i t h e r  

s u b s t a n t i a l l y   s i m u l t a n e o u s l y   or  in  a  " r i p p l e d "   or  n o n - s i m u l t a n e o u s  

f a sh ion ,   depending  upon  the  r e s u l t   d e s i r e d   in  the  c y l i n d e r   of  t h e  

i n t e r n a l   combust ion  engine  in  which  the  sparks   are  to  be  employed.  The 

spark  plug  of  the  i n v e n t i o n   enables   combust ion  to  be  i n i t i a t e d   a n d / o r  

promoted  at  a  p l u r a l i t y   of  po in t s ,   t he reby   t end ing   to  improve  t h e  

combustion  of  the  fuel   charge  in  the  c y l i n d e r .  

Reference  is  now  made  to  Figures   2  and  3  of  the  d i a g r a m m a t i c  

drawings  in  which  the  spark  plug  30  is  seen  to  comprise  a  c e n t r a l  

ceramic  i n s u l a t o r   31  in  which  are  r e c e i v e d   t h r e e   e l e c t r i c a l   c o n d u c t o r s  

(not  v i s i b l e )   which  are  connected  near  the  top  end  (as  shown)  of  t h e  

plug  30  to  r e s p e c t i v e   i n s u l a t e d   cables   32  each  having  a  p u s h - f i t  

e l e c t r i c a l   connec to r   33  at  i t s   f ree   end  for  connec t ion   to  a  source  o f  

h i g h - t e n s i o n   e l e c t r i c i t y .   The  e l e c t r i c a l   conduc to r s   are  each  c o n n e c t e d  

to  a  r e s p e c t i v e   spark  e l e c t r o d e   34  which  p r o t r u d e s   from  the  bottom  end 

(as  shown)  of  the  c e n t r a l   i n s u l a t o r   32  i n i t i a l l y   p a r a l l e l   to  the  a x i s  

of  the  plug  and  a f t e r   a  shor t   d i s t a n c e   t h e r e a f t e r ,   is  turned  s u b s t a n t i a l l y  

r a d i a l l y   ou tward ly   away  from  the  axis  of  the  plug  30.  

The  c e n t r a l   ceramic  i n s u l a t o r   31  is  sur rounded   at  i t s   lower  end ,  

and  sealed  to ,   a  mild  s t e e l   s leeve  member  36,  the  bottom  end  37  o f  

which  has  e x t e r n a l   screw  th reads   for  engagement  with  i n t e r n a l   s c r e w  

th reads   of  a  s p a r k - p l u g   hole  of  an  i n t e r n a l   combustion  engine.   An 

upper  par t   38  of  the  s l eeve   member  36  is  formed  with  hexagonal   f l a t s  

around  i t s   c i r c u m f e r e n c e   for  engagement  with  a  spanner  or  wrench.  The 

s leeve  member  36  may  be  formed  from  s e v e r a l   p a r t s .   Three  c o u n t e r -  

e l e c t r o d e s   40  extend  downwardly  from  the  bottom  end  of  the  s l e e v e  



member  36  so  as  to  def ine   spark  gaps  42  with  the  f ree   end- faces   of  t h e  

spark  e l e c t r o d e s   34.  The  t h r e e   spark  gaps  42  of  the  plug  30  a r e  

s u b s t a n t i a l l y   r a d i a l   with  r e s p e c t   to  the  axis  of  the  plug.  It  w i l l   be 

seen  t h a t   the  faces  of  the  spark  e l e c t r o d e s   34  and  the  opposed  c o u n t e r -  

e l e c t r o d e s   at  the  ends  of  the  spark  gaps  are  f l a t ,   to  reduce  e r o s i o n  

dur ing  use.  For  compara t ive   t e s t s   (desc r ibed   below)  performed  with  a  

g a s o l i n e   engine  mounted  on  a  t e s t   bed,  the  c e n t r a l   i n s u l a t o r   31  has  a  

ceramic  s l eeve   immediately   above  the  s leeve  member  36  to  reduce  h e a t  

losses   from  the  p l u g .  

Reference   is  now  made  to  F i g u r e s  4   and  5  which  show  views  of  a  

spark  plug  60  which  is  i d e n t i c a l   to  the  spark  plug  of  Figs  2  and  3 

except  in  the  arrangement   of  the  e l e c t r o d e s   to  form  the  spark  g a p s .  

Like  p a r t s   in  F igures   2  to  5  are  given  the same  r e f e r e n c e   numerals .   As 

wi l l   be  seen  from  Figs.   4  and  5,  the  spark  e l e c t r o d e s   p ro t rude   from 

the  bottom  (as  shown)  end  of  the  plug  60  i n i t i a l l y   s u b s t a n t i a l l y  

p a r a l l e l   to  the  plug  axis  but  are  t h e r e a f t e r   outwardly  turned  so  as  t o  

extend  beneath   the  c o u n t e r - e l e c t r o d e s   40  ( i . e .   in  a  d i r e c t i o n  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  the  plug  axis)   to  def ine   with  t h e  

c o u n t e r - e l e c t r o d e s   40  r e s p e c t i v e   spa rk -gaps   42  which  are  s u b s t a n t i a l l y  

p a r a l l e l   to  the  plug  ax is .   The  p r o t r u s i o n   (known  as  the  " reach")   o f  

the  c o u n t e r - e l e c t r o d e s   beyond  the  end  of  the  body  of  the  plug  60  i s  

app rox ima te ly   the  same  in  the  embodiment  of  F igs  4   and  5  as  in  t h e  

embodiment  of  Figs.   2  and  3  and  is  also  approx imate ly   the  same  as  t h e  

reach  in  a  c o m m e r c i a l l y - a v a i l a b l e   s i n g l e   spark  gap  spark  plug  o f  



the  c o n v e n t i o n a l   type.   It  w i l l   be  seen  in  F i g s .  4   and  5  tha t   the  s p a r k  

e l e c t r o d e s   42  p resen t   a  s u b s t a n t i a l l y   f l a t   s u r f a c e   towards  the  c o u n t e r -  

e l e c t r o d e s   40 .  

The  spark  plugs  of  Figs  2  and 4  were  t e s t e d   in  a  s t andard   f o u r  

c y l i n d e r   1593  cc  ga so l ine   engine  of  the  type  used  in  Ford  C o r t i n a  

("Ford"  is  a  r e g i s t e r e d   t r a d e m a r k )  c a r   in  the  f o l l o w i n g   manner:  

The  engine  was  i n s t a l l e d   on  t e s t - b e d   and  modif ied   so  tha t   one 

c y l i n d e r   had  i t s   in take   and  exhaust   systems  s e g r e g a t e d   from  the  o t h e r  

three  so  tha t   the  f u e l - a i r   mix ture   s t r e n g t h ,   t e m p e r a t u r e ,   h u m i d i t y ,  

homogenei ty ,   i n t e r   a l i a ,   could  be  p r e c i s e l y   c o n t r o l l e d   to  the  one 

s e g r e g a t e d   c y l i n d e r   while  the  engine  was  opera ted   using  a l l   f o u r  

c y l i n d e r s .   In  a d d i t i o n   the  s e g r e g a t e d   c y l i n d e r   was  provided  with  a  

p i e z o - e l e c t r i c   t r a n s d u c e r   f l u sh -moun ted   in  the  c y l i n d e r   head,  and  by 

the  use  of  s u i t a b l e   e l e c t r o n i c   equipment  and  s o f t w a r e   programmes,  a  

large  number  of  p r e s su re   cyc les   from  the  s e g r e g a t e d   c y l i n d e r   were  

cap tured   and  analysed  by  an  o n - l i n e   computer  system  which  supp l i ed   t h e  

i n f o r m a t i o n   to  a  ' f loppy   d i s c '   r e c o r d e r   for  o f f - l i n e   data  a n a l y s i s .   A 

so f tware   programme  was  employed  to  c a l c u l a t e   the  i n d i c a t e d   t h e r m a l  

e f f i c i e n c y   of  an  i n d i v i d u a l   cycle   or  the  mean  thermal   e f f i c i e n c y   of  a  

p o p u l a t i o n   of  c y c l e s .   The  t e s t i n g   p rocedure   had  been  eva lua ted   t h o r o u g h l y  

beforehand  to  confirm  t ha t   i t   would  give  very  p r e c i s e   t e s t   r e s u l t s .  

All  the  t e s t s   were  c a r r i e d   out  with  f u l l y   opened  t h r o t t l e   at  3000 

RPM  at  a  f ixed  spark  advance  (31'  BTDC)  and  p r e c i s e l y   c o n t r o l l e d  

t e s t - b e d   engine  c o n d i t i o n s .   Tests   on  the  t r i p l e   spark  plugs  of  F i g s .  

2  and 4  were  preceded  and  succeeded  by  t e s t s   with  a  conven t iona l   s i n g l e  

e l e c t r o d e   spark  plug  to  ensure  that   no  f a l l - o f f   in  engine  p e r f o r m a n c e  

had  occur red   to  i n f l u e n c e   the  t e s t   r e s u l t s .  



The  r e s u l t s   summarised  in  Table  1  are  for  the  c o n f i g u r a t i o n   of  t h e  

spark  gaps  at  r i g h t   angles  to  the  axis  of  the  plug  (as  in  Figures   2  and 

3  of  the  d r a w i n g s ) .   S u r p r i s i n g l y ,   these   r e s u l t s   c o n c l u s i v e l y   d e m o n s t r a t e  

a  r e d u c t i o n   in  fuel   economy  using  the  t r i p l e   e l e c t r o d e   spark  plug  o f  

Fig  2  i n . c o m p a r i s o n   to  per formance   when  using  the  conven t iona l   s i n g l e  

spark  plug.   The  r e s u l t s   given  in  Table  2  are  for  the  spark  plug  o f  

F i g s .  4   and  5  of  the  drawings  and  s u r p r i s i n g l y ,   i t   is  c o n c l u s i v e l y  

demons t ra ted   t ha t   there   are  p o s i t i v e   improvements  in  fuel  economy 

which  p r o g r e s s i v e l y   i nc rea se   as  the  engine  is  run  under  l eaner   c o n d i t i o n s  

( i . e .   s m a l l e r   equ iva lence   r a t i o s ,   wherein  the  equ iva lence   r a t i o   i s  

def ined  as  the  s t o i c h i o m e t r i c   a i r   to  fuel   r a t i o   for  complete  c o m b u s t i o n  

of  the  fuel   d iv ided  by  the  ac tua l   weight  r a t i o   of  a i r   to  fuel   used  i n  

the  tests) .   It   should  be  noted  tha t   the  t e s t   r e s u l t s   in  Table  1  c a n n o t  

be  compared  in  ab so lu t e   terms  with  those  of  Table  2  s ince  they  were  

ob ta ined   under  s l i g h t l y   d i f f e r e n t   running  c o n d i t i o n s .   All  the  r e s u l t s  

wi th in   each  Table  are,  however,  comparable  on  an  abso lu t e   l e v e l .  







The  t e s t   r e s u l t s   d r a m a t i c a l l y   i l l u s t r a t e   tha t   a  spark  p l u g  

p rov id ing   a  p l u r a l i t y   of  sparks  for  i g n i t i o n   of  the  f u e l - a i r   charge  i n  

the  c y l i n d e r s   of  a  g a s o l i n e   engine  reduces   engine  e f f i c i e n c y   ( i n  

r e l a t i o n   to  the  e f f i c i e n c y   for  a  c o n v e n t i o n a l   s i n g l e   spa rk -gap   p l u g )  

when  the  sparks   t r a v e r s e   gaps  which  are  r a d i a l   with  r e s p e c t   to  the  p l u g  

axis  at  the  end  r eg ion   of  the  plug,  and  t h a t   the  r e d u c t i o n   in  e n g i n e  

e f f i c i e n c y   is  i n c r e a s e d   as  the  engine  is  run  with  a  f u e l - a i r   m i x t u r e  

which  is  l e a n e r   ( i . e .   con ta in ing   l e s s   f u e l ) .   The  thermal   e f f i c i e n c y   o f  

the  engine  is  s i m i l a r l y   impaired.   However,  a  spark  plug  which  p r o v i d e s  

a  p l u r a l i t y   of  i g n i t i o n   sparks  which  are  s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

plug  axis  at  the  end  region  of  the  plug  improves  both  the  t h e r m a l  

e f f i c i e n c y   and  fuel   economy  of  the  engine  compared  to  a  c o n v e n t i o n a l  

s ing le   spa rk -gap   plug,   and  the  thermal   e f f i c i e n c y   c o n t i n u e s   to  be 

higher  for  the  m u l t i - g a p   spark  plug  than  a  c o n v e n t i o n a l   s i n g l e - g a p   p l u g  

as  the  f u e l - a i r   mix tu re   is  weakened,  and  moreover,   the  fuel   economy 

becomes  p r o g r e s s i v e l y   g r e a t e r   as  the  f u e l - a i r   mix ture   is  weakened .  

The  improved  engine  performance  d e m o n s t r a t e d   us ing  the  spark  p l u g  

of  the  i n v e n t i o n   may  be  f u r t h e r   improved  by  a r r a n g i n g   for   the  s p a r k  

gaps  to  be  s l i g h t l y   d i s p l a c e d   r e l a t i v e   to  each  o ther   in  the  a x i a l  

sense,   and  s t i l l   f u r t h e r   improvements  can  be  r e a l i s e d   by  i n i t i a t i n g   t h e  

sparks  at  the  gaps  at  s l i g h t l y   d i f f e r e n t   t imes  dur ing  each  cycle   of  t h e  

e n g i n e .  



The  improvements  in  engine  e f f i c i e n c y   and  fuel  economy  are  o f  

p a r t i c u l a r   i n t e r e s t   and  impor tance   at  the  present   time  in  view  of  t h e  

present   need  to  economise  on  the  use  of  fuels   for  i n t e r n a l   c o m b u s t i o n  

engines,   and  t h e r e   are  a  number  of  ways  in  which  the  improvements  can  

be  e x p l o i t e d ,   of  which  the  f o l l o w i n g   are  of  great   s i g n i f i c a n c e :  

(1)  an  e x i s t i n g   engine  or  engine  design  can  be  opera ted   with  a 

weaker  f u e l - a i r   mixture   wi thout   any  de t r imen t ,   or  any  s i g n i f i c a n t  

d e t r i m e n t ,   to  i t s   power  output   (e .g .   % thermal  e f f i c i e n c y ) ,  

thereby  economizing  on  the  use  of  f u e l .  

(2)  with  a  weakened  f u e l - a i r   m ix tu re ,   the  octane  number  r e q u i r e m e n t  

of  the  fuel   can  be  reduced.   Many  fue l s   include  components  wh ich  

are  added  to  the  fuel   to  r a i s e   the  octane  number,  and  such  components  

may  be  p a r t i a l l y   or  comple te ly   e l i m i n a t e d .   The  usual  o c t a n e - b o o s t i n g  

a d d i t i v e s   are  o rgano-meta l   compounds  (usua l ly   o r g a n o - l e a d   compounds) 

and  i t   is  b e l i e v e d   tha t   the  reduced  emissions  of  used  o r g a n o - m e t a l  

compounds,  and  a d d i t i v e s   (such  as  scavengers )   used  t h e r e w i t h   i n  

automotive  exhaust   gas  would  be  welcomed  by  those  who  c o n s i d e r  

that   such  emiss ions   might  pose  hazards   to  hea l th   and  w e l l - b e i n g .  

Fuels  o f ten   con ta in   organic   compound  o c t a n e - b o o s t i n g   components  

which  add  to  the  cost  of  the  fuel   e i t h e r   during  the  r e f i n i n g   s t a g e  

or  t h e r e a f t e r   when  a d d i t i v e s   are  i n c o r p o r a t e d   in  the  f u e l s .   A 

r e d u c t i o n   in  the  need  for  such  organic   compound  o c t a n e - b o o s t i n g  

components  would  c o n t r i b u t e   to  a  r e d u c t i o n   in  the  cost  of  t h e  

f u e l .  



(3)  At  a  given  power  output ,   the  fac t   that   the  engine  can  be  r u n  

with  a  l e a n e r   f u e l - a i r   mixture   us ing   the  spark  plug  of  the  i n v e n t i o n  

than  with  a  c o n v e n t i o n a l   spark  plug  p rov ides   the  a d d i t i o n a l  

benef i t   t ha t   at  p a r t - t h r o t t l e   o p e r a t i n g   c o n d i t i o n s ,   the  e n g i n e ' s  

pumping  l o s s e s   ( i . e .   the  work  l o s t   in  r a i s i n g   the  p r e s s u r e   o f  

gas /vapour   from  the  engine  i n t a k e   manifold   p r e s su re   to  the  e x h a u s t  

manifold  p r e s s u r e )   are  reduced  t h e r e b y   f u r t h e r   improving  the  f u e l  

economy  of  the  engine.   Since  most  o p e r a t i o n   of  a  g a s o l i n e   e n g i n e  

used  in  an  au tomobi le   is  at  p a r t - l o a d   with  the  engine  p a r t i a l l y  

t h r o t t l e d ,   the  use  of  the  spark  plug  of  the  i n v e n t i o n   with  l e a n  

f u e l - a i r   m i x t u r e s   (ob ta ined   by  a p p r o p r i a t e   ad jus tment   of  t h e  

c a r b u r e t t o r )   is  very  s i g n i f i c a n t   in  terms  of  improved  f u e l  

consumpt ion .  

(4)  For  new  des igns   of  engine,   wherein  the  compression  r a t i o  

which  i n f l u e n c e s   thermodynamic  e f f i c i e n c y   but  which  is  l i m i t e d   i n  

p r a c t i c e   ( i n t e r   a l i a )   by  the  i n c r e a s i n g   octane  r equ i r emen t   o f  

engines  of  i n c r e a s e d   compress ion  r a t i o ,   the  spark  plugs  of  t h e  

inven t ion   w i l l   enable  h igher   compress ion   r a t i o   engines  to  be 

manufac tured   w i thou t   r e s o r t i n g   to  m o d i f i c a t i o n s   in  engine  d e s i g n  

which  while  d e s i r a b l e ,   add  to  the  compl i ca t ion   and  cost   of  t h e  

eng ine .  

Of  course ,   the  fo rego ing   modes  of  e x p l o i t a t i o n   of  the  improvemen t s  

may  be  e x p l o i t e d   in  any  combinat ion  in  a d d i t i o n .  



It  is  to  be  unders tood   with  r e f e r e n c e   to  Figs.   2  to  5  t ha t   t h e  

spark  plugs  i l l u s t r a t e d   are  designed  merely  for  t e s t i n g   purposes   and 

tha t   spark  plugs  accord ing   to  the  i nven t ion   would  p r e f e r a b l y   have  

a n t i - t r a c k i n g   r ibbed  ceramic  i n s u l a t o r s   31  without   the  s u r r o u n d i n g  

h e a t - i n s u l a t i n g   s l e e v e .   Moreover,  the  connec t ion   of  the  high  t e n s i o n  

leads  to  the  plug  t e r m i n a l s   33  would  p r e f e r a b l y   be  via  a  s i n g l e   cap 

having  the  r e q u i s i t e   number  of  t e r m i n a l s   at  the  top  of  the  plug.   The 

engagement  would  p r e f e r a b l y   be  by  means  of  ' p u s h - f i t '   c o n n e c t o r s ,   and 

the  s i n g l e   cap  may  have  ma le - type   connec tors   which  are  adapted  to  be  

rece ived   and  engaged  by  female  sockets   in  the  top  of  the  p l u g .  



1.  A  spark  plug  for  an  i n t e r n a l   combustion  engine,   the  plug  (10)  

compr i s ing   a  body  having  a  c e n t r a l   p o r t i o n   (11)  of  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   m a t e r i a l   and  a  su r round ing   po r t i on   (16,  17)  a round  

at  l e a s t   par t   of  the  c e n t r a l   p o r t i o n   (11),  the  su r round ing   p o r t i o n  

being  adapted   (18)  for  s ecu r ing   the  plug  (10)  r e l a t i v e   to  a  s p a r k  

p l u g  h o l e   of  the  engine,   a  p l u r a l i t y   of  spark  e l e c t r o d e s   (13)  a t  

one  a x i a l   end  region  of  the  plug  i n t ended   to  be  d isposed   wi th in   a  

combustion  chamber  of  the  engine,   a  c o u n t e r - e l e c t r o d e   (19)  d e f i n i n g  

a  spark  gap  (20)  with  each  spark  e l e c t r o d e   (13),  and  a  r e s p e c t i v e  

e l e c t r i c a l   conductor   (12)  for  each  spark  e l e c t r o d e   (13)  which  

conductor   is  d i sposed   w i th in   the  body  and  p rov ides   a  r e s p e c t i v e  

e l e c t r i c a l l y - c o n d u c t i v e   path  through  the  body  to  the  r e s p e c t i v e  

spark  e l e c t r o d e   (13)  from  a  r e s p e c t i v e   e l e c t r i c a l   connec t ion   p o i n t  

or  area  (23)  at  or  near  to  the  o ther   ax ia l   end  of  the  body  for  t h e  

a p p l i c a t i o n   t h e r e t o   of  h i g h - t e n s i o n   e l e c t r i c i t y ,   the  e l e c t r i c a l  

conduc tors   (12)  being  e l e c t r i c a l l y   i n s u l a t e d   from  each  o t h e r  

wi th in   the  body,  c h a r a c t e r i z e d   in  tha t   each  spark  e l e c t r o d e   (13)  

is  o f f s e t   from  the  c e n t r a l   axis  of  the  plug  (10)  and  has  at  l e a s t  

a  p r o j e c t i n g   p o r t i o n   (13)  at  or  near  to  the  end  reg ion   of  the  body 

which  ex tends   away  from  the  plug  axis  to  a  t ip   region  of  the  s p a r k  

e l e c t r o d e   (13) ,   and  in  tha t   the  c o u n t e r - e l e c t r o d e   (19)  has  an  end 

part   d e f i n i n g   one  side  of  a  r e s p e c t i v e   gap  (20)  nea re r   to  the  s a i d  

other   ax i a l   end  of  the  plug  than  the  t ip   of  the  r e s p e c t i v e   s p a r k  

e l e c t r o d e   (13)  de f i n ing   the  other   s ide  of  the  said  spark  gap  (20)  

so  t ha t   the  t i p   of  each  spark  e l e c t r o d e   (13)  de f ines   with  t h e  

c o u n t e r - e l e c t r o d e   (19)  a  r e s p e c t i v e   spark  gap  (20)  which  i s  

s u b s t a n t i a l l y   p a r a l l e l   to  the  plug  a x i s .  



2.  A  spark  plug  as  in  claim  1  compr i s ing   a  d i s c r e t e   c o u n t e r - e l e c t r o d e  

(19)  for  each  spark  e l e c t r o d e   ( 1 3 ) .  

3.  A  spark  plug  as  in  claim  1  or  claim  2  in  which  the  t ip  of  t h e  

p r o j e c t i n g   po r t ion   of  each  spark  e l e c t r o d e   (13)  is  in  a  r a d i a l  

plane  which  is  f u r t h e r   from  the  said  other   axia l   end  of  the  body 

than  the  r a d i a l   plane  of  the  said  one  ax ia l   end  of  the  body.  

4.  A  spark  plug  as  in  claim  3  in  which  the  or  each  c o u n t e r - e l e c t r o d e  

(19)  d e f i n e s   one  end  of  a  r e s p e c t i v e   spark  gap  (20)  in  a  r a d i a l  

plane  which  is  between  the  r a d i a l   plane  of  the  t ip   of  a  c o r r e s p o n d i n g  

spark  e l e c t r o d e   (13)  and  the  r a d i a l   plane  of  the  said  one  a x i a l  

end  of  the  body. 

5.  A  spark  plug  as  in  any one  of  claims  1  to  4 which  is  devoid  of  any 

part   which  outwardly  sur rounds   the  spark  gaps  ( 2 0 ) .  

6.  A  spark  plug  as  in  any one  of  claims  1  to  5  compr is ing   th ree   o r  

more  spark  gaps  (20)  de f ined   between  th ree   or  more  spark  e l e c t r o d e s  

(13)  and  c o u n t e r - e l e c t r o d e s   ( 1 9 ) .  

7.  A  spark  plug  as  in  any one  of  c laims  1  to  6  in  which  the  s a i d  

s u r r o u n d i n g   part  (16,  17)  is  e l e c t r i c a l l y   conduc t ive   and  c o n s t i t u t e s  

at  l e a s t   part   of,  and/or  s u p p o r t s ,   the  c o u n t e r - e l e c t r o d e s   ( 1 9 ) .  

8.  A  spark  plug  as  in  any one  of  claims  1  to  7  in  which  the  t ip  o f  

each  spark  e l e c t r o d e   (13)  is  s u b s t a n t i a l l y   f l a t   or  blunt   or  o b t u s e  

where  it   de f ines   one  end  of  a  spark  gap  ( 2 0 ) .  



9.  A  spark  plug  as  in  any  one  of  claims  1  to  8  in  which  at  l e a s t   t h e  

t i p s   of  the  spark  e l e c t r o d e s   (13)  are  s u b s t a n t i a l l y   e q u i a n g u l a r l y  

spaced  around  the  axis   of  the  plug  so  as  to  d e f i n e   spark  g a p s  

which  are  s u b s t a n t i a l l y   e q u i a n g u l a r l y   s e p a r a t e d   a r o u n d  t h e   p l u g  

a x i s .  

10.  A  spark  plug  as  in  any  one  of  claims  1  to  9  in  which  the  s a i d  

s u r r o u n d i n g   p o r t i o n   (16,  17)  does  not  extend  as  far   away  from  t h e  

said  o the r   ax ia l   end  of  the  body  as  the  said  one  a x i a l   end  of  t h e  

said  c e n t r a l   p o r t i o n   (11) ,   and  p r e f e r a b l y   in  which  the  s u r r o u n d i n g  

p o r t i o n   is  e x t e r n a l l y   s c r e w - t h r e a d e d   (18)  for   engagement  w i t h  

c o r r e s p o n d i n g   s c r e w - t h r e a d s   of  the  spark  plug  hole   of  the  e n g i n e .  
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